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employment for his pen in proposing such alterations or addi
tions to these rules as would remedy the "grievance" (as I term 
it) or the "evil practice" (as he prefers to call it), and in that I 
can assure him he would meet with hearty co-operation from all 
English naturalists, and from none more heartily than from the 
undersigned. R. BOWDLER SHARPE 

The Origin of Variations 

THERE is a slight difference between all three of the answers to 
Mr. Murphy's queries on Protective Mimicry (vol. xiv. pp. 309, 
329) ; but, I think, the authors of those replies are unanimously 
over-hasty to call in the aid of protective selection. I cannot but 
think that the perpetuation of nascent variations may more safely 
be attributed to causes identical with those in which the varia
tions origimte. If this be so, though the origin of variation 
is necessarily beyond the scope of any selection-theory, these 
causes continuing to act on the varying organism become of vast 
importance to the evolutionist. Too much importance cannot, 
I think, be given in this connection, to the principle of economy 
of nutrition, or balancement of growth, formulated by Aristotle, 
in the WOrds "ttµ" 0  T1)V "/rr1)V U1'EpDX7)V <l< 71"0,V..OV< -r6r.ou< 
douvaTei' o,cwlµeiv ,j <j>v,n,," and by Goethe, in the expression 
" Nature, in order to spend on one side, is forced to economise 
on the other." I gave one example of this law in a previous 
letter (NAT URE, vol. xiii. p. ro7) in speaking of the indirect 
uses of the waste, or. secondary products of metastasis in plants ; 
but as the subject is admirably sketched in Mr. Lowne's Sllgges
tive essay on "The Philosophy of Evolution," a work too little 
known or appreciated, I will give here an outline of the argu
ment. Food may be divided into three parts-for nutrition, for 
the production of energy and waste, or excretion. In many 
lower organisms the excreted material forms a simple shell; in 
plants manna, nectar, and resins belong to this group. The 
chief form of energy in the organic kingdom is that resulting 
from the oxidation of carbon, chief! y characteristic of animals, 
while plants secrete the energy-producing material. In higher 
organisms it is physiologically advantageous that the parts of an 
organism should differ in the kind of nourishment they require 
and thus act, as Sir James Paget has shown, a. excretory organs 
to one another. Thus all animals which feed on large quantities 
of comparatively slightly nutritious matter have a complicated di
gestive apparatus, and a strong tendency to the production of large 
skeletons or cutaneolls organs, which relieve the special excretory 
organs. The stag applies a large porti".n of the calc~reous salts 
derived from the herbage to the production of horns m the male 
and the bones of the young in the female. The thorack appen
dages of the lamel!icorns and the beaks of the toucan and horn
bill are glve11 as farther exampl~s, an~ ".the .dermal appe?dages 
or reptiles and the feathers of birds, nch m pigment and nitrogen 
are probably entirely excrementftious to the other tissues." 
Mr. Lowne makes an interesting final application of this hypo
thesis to the loss of the hairy covering of the human skin, it 
being the albuminous tissue most easily dispensed with to nourish 
the highly developed nervous system. "Phosphorus was like
wise required in large quantities and the osseous system became 
reduced in size." The composition of the nutrient flllid of the 
organism remaining constant, the excreted matter will be so 
also, and thus, for example, a rudimentary horn or a p!gment 
may be produced by a change of _food _and prese~·ved, wlule the 
food remains the same, by a phys10logtcal selection, ~s prevent
ing the overtaxing of t~e kidneys, before sexual_ selectio11: or P:O· 
tective selection come mto play. I have an mstance m pomt 
before me. Two plants of variega!ed kale under the influe1;1ce_ of 
the late drought have produced axial structure, from the m1dnbs 
and veins of all their leaves, and I have no doubt that were 
their seedlings grown under similar nutritive conditions, a race 
of plants thus substitming fibro-vascular tissue for the usually 
abc,ormal development of parenchyma in the kale would be pro• 
duced. G. S, BOULGER 

Agr,cultural College, Cirencester, Aug, 25 

THE BRITISH ASSOCIATION 

T HE f?rty-sixth Annual Session-of the 1?ritish Asso
ciation was formally opened last mght by the 

address of the president, Prof. Andrews, of Belfast. 
From the reports of the preparations we have already 
given it will have been seen that unusual efforts have 
been ~ade to render this Glasgow meeting a success, and 

so far as can be judged at present this end has been 
gained. This is the third time the Association has met 
in Glasgow. The first occasion was in 1840, when the 
Marquis of Breadalbane was president, and the last time 
in 1855, when a similar honour was conferred on the Duke 
of Argyll. This is the eighth time the Association has 
held its meeting in Scotland, Edinburgh having b~en the 
first northern town visited, so far back as 1834, four years 
after the foundation of the Association ; the Scottish 
capital was again visited in 1850 and 1871 ; Aberdeen in 
1859, when Prince Albert was president ; and Dundee 
in 1867. 

The arrangements for the evening lectures, about which 
there was at one time some difficulty, have been happily 
completed. The first lecture will be delivered on Friday 
in the Kibble Palace, by Prof. Tait ; the second, for 
working-men, in the City Hall, on Saturday evening, 
probably by Commander Cameron, R.N.; and the third 
on Monday, Sept. 11, in the Kibble Palace, by Prof. Sir 
C. Wyville Thomson. 

Among the foreign visitors who are expected at the 
Glasgow meeting, are :-Dr. Janssen, Prof. Negri, of 
Florence, Prof. Braune, Leipsic, Dr. Edward Gmbi, 
Breslau, Prof. Cohn, Breslau, Prof. Stoletow, Baron von 
Wrangell, St. Petersburg, and Prof. Cernti, Rome. 

The specially prepared Guide-book to Glasgow is in 
three volumes, some of the former guides of this descrip
tion being considered too bulky. The volumes will be 
full of interesting information regarding such subjects as 
the geology of the Valley of the Clyde, fossils found in the 
·west of Scotland ; the arch::eology, zoology, and botany 
of the district ; the rise and progress of the iron manu
facture in Scotland, chemical industries, the engineering 
and ship-building industries of the Clyde, and the textile 
industries of Glasgow and neighbourhood. Mr. Graham, 
the Hon. Secretary of the Association, has prepared an 
excellent sketch map of the country surrounding Glas
gow, with its general geological features, which has been 
lithographed, and will be inserted in one of the volumes. 
Each member of the Association will be presented with a 
copy of the handbook. 

INAUGURAL ADDRESS OF THOMAS ANDREWS, M.D., LL.D., 
F.R.S., Hon.F.R.S.E., M.R.I.A., &c., PRESIDEN...'!::.._ 

Srx and thirty years have passed over since the British Asso
ciation for the Advancement of Science held it, tenth meeting in 
this ancient city, and twenty-one years have elapsed since it last 
assembled here. The representatives of two great Scottish 
families presided on these occasions ; and those who hud the 
advantage of hearing the address of the Duke of Argyll in 1855 
will recall the gratification they enjoyed while listening to the 
thoughttul sentiments which reflected a mind of rare cultivation 
and varied acquirements. On the present occasion I have under
taken, not without anxiety, the duty of filling an office at first 
accepted by one whom Scotland and the Association would alike 
have rejoiced to see in this Chair, not only as a tribute to his 
own ,cientific services, but also as recognising in him the worthy 
representative of that long line of able men who have upheld the 
pre-eminent position attained by the Scottish schools of medicine 
in the middle of the last century, when the mantle of Boerhaave 
fell upon Monro and Cullen. 

The task of addressing this Association, always a difficult one, 
is not rendered easier when the meeting is held in a place which 
presents the rare c"mbination of being at once an ancient seat of 
learning and a great centre of modem industry. Time will not 
permit me to refer to the distinguished men who in early days 
have left here their mark behind them; and I regret it the more, 
as there is a growing tendency to exaggerate the value of later 
discoveries, and to underrate the achievements of those who have 
Jived before us. Confining our attention to a period reaching 
back to little more than a century, it appears that during that 
time three new sciences arose, at least as far as any science can 
be said to have a distinct origin, in this city of Glasgow-Expe
rimental Chemistry, Political Economy, and Mechanical Engi• 
neering. It is now conceded that Black laid the foundation of 
modern chemistry ; and no one has ever disputed the claims of 
Adam Smith and of Watt to have not only founded, but largely 
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built up the two great branches of knowledge with which their 
names will always be inseparably connected. It was here that 
Dr. Thomas Thomson established the first school of Practical 
Chemistry in Great Britain, and that Sir W. Hooker gave to the 
chair of Botany a European celebrity ; it was here that Graham 
discovered the law of gaseous diffusion and the properties of 
polybasic acids; it was here that Stenhouse and Anderson, 
Rankine and J. Thomson made some of their finest discoveries; 
and it was he,e that Sir William Thomson conducted his phy
sico-mathematical investigations, and invented those exquisite 
instruments, valuable alike for ocean telegraphy and for scientific 
use, which are among the finest trophies of recent science. Nor 
must the names of Tennant, Mackintosh, Neilson, Walter 
Crum, Young, and Napier be omitted, who, with many others 
in this place, have made large and valuable additions to practical 
science. 

The safe return of the ·Challenger, after an absence of three 
and a half years, is a subject of general congratulation. 0 ur 
knowledge of the varied forms of animal life, and of the remains 
of animal life, which occur, it is now known, over large tracts of 
the bed of the ocean, is chiefly derived from the observations 
made in the Challenger and in the previous deep-sea expeditions 
which were organised by Sir \Vyville Thomson and Dr. Car
penter. The physical observations, and especially those on the 
temperature of the ocean, which were systematica!ly conducted 
throughout the whole voyage of the Challenger, have already 
supplied valuable data for the resolution of the great question of 
ocean-currents. Upon this question, which has been discussed 
with singular ability, but under different aspects, by Dr. Car
penter and Mr. C..-oll, I cannot attempt here to enter ; nor will 
1 ven ture to fores!all, by any crude analysis of my own, the nar
rative which Sir W. Thomson has kindly undertaken to give of 
his own achievements and of those of his staff during their long 
scientific cruise. 

Another expedition, which has more than fulfilled the expec
tations of the public, is Lieut. Cameron's remarkable journey 
across the continent of Africa. It is by such enterprises, happily 
conceived and ably executed, that we may hope at no distant day 
to see the Arab slave-dealer replaced by the legitimate trader, 
and the depressed populations of Africa grad11ally brought within 
the pale of civilised life. 

From the North Polar Expedition no intelligence has been 
received; nor can we expect for some time to hear whether it 
has succeeded in the crowning object of Arctic enterprise. In 
the opmion of many, the results, scientific or other, to be gained 
by a full survey of the Arctic regions can never be of such value 
as to justify the risk and cost which must be incurred. B11t it is 
not by cold calculations of this kind that great discoveries are 
made or great enterprises achieved. There is an inward and 
irrepressible impulse--in individuals called a spirit of adventure, 
in nations a spirit of enterprise-which impels mankind forward 
to explore every part of the world we inhabit, however inhos
pitable or difficult of access ; and if the country claiming the 
foremost place among maritime nations shrink from an under
taking because it is perilous, other countries will not be slow to 
seize the post of honour. If it be possible for man to reach the 
poles of the earth, whether north or south, the feat must sooner 
or later be accomplished; and the country of the . successful ad
venturers will be thereby raised in the scD.le of nations. 

The passage of Venus over the sun's disc is an event which 
cannot be passed over without notice, although many of the cir
cumstances connected with it have already become historical. It 
was to observe this rare astronomical phepomenon, on the occa
sion of its former occurrence in 1769, that Capt. Cook's memo
rable voyage to the Pacific was undertaken, in the course of 
which he explored the coast of New South Wales, and added 
that great country to the possessions of the British Crown. 

As the transit of Venus gives the most exact method of calcu
lating the distance of the earth from the S\lll, extensive prepara
tions were made on the last occasion for observing it at selected 
stations-from Siberia in northern, to Kerguelen's Land in 
southern latitudes. The great maritime powers vied with each 
other to turn the opportunity to the best account ; and Lord 
Lindsay had the spirit to equip, at his own expense, the most 
complete expedition which left the shores of this country. Some 
of th" most valuable stations in southern latitudes were desert 
islands, rarely free from mist or tempest, and without harbours 
or shel ter of any kind. The landing of the instruments was in 
many cases attended with great difficulty and even personal risk. 
Photography lent its aid to record automatically the progress of 

the transit; and M. Janssen contrived a revolving plate, by 
means of which from fifty to sixty images of the edge of the sun 
could be taken a,t short intervals during the critical periods of 
the phenomenon. 

The observations of M, Janssen at Nagasaki, in Japan, were 
of special interest. Looking thro11gh a violet-blue glass he saw 
Venus, two or three minutes before the transit b~gan, having the 
appearance of a pale round spot near the edge of the sun. Im. 
mediately after contact the segment of the planet's disc, as seen 
on the face of th~ sun, formed with what remained of this spot a 
complete circle. The pale spot when first seen was, in short, a 
partial eclipse of the solar corona, which was thus proved beyond 
dispute to te a luminous atmosphere surrounding the sun. Indi
cations were at the san: e time obtained of the existence of an 
atmosphere around Venus. . 

The mean distance of the earth from the sun was long supposed 
to have been fixed within a very small limit of error at about 
95,000,000 miles. The accuracy of this number had already 
been called in question on theoretical grounds by Hansen and 
Leverrier, when Foucault, in 1862, decided the question by an 
experiment of extraordinary delicacy. Taking advantage of the 
revolving-mirror, with which Vi/heatstone had some time before 
enriched the physical sciences, Foucault succeeded in measuring 
the absolute velocity of light in space by experim~nts on a beam 
of light, reflected backwards and forwards, within a tube little 
more than thirteen feet in length. Combining the result thus 
obtained with what is called by astronomers the constant of 
aberration, Foucault calculated the distance of the earth from the 
sun, and found it to be one-thirtieth part, or about 3,000, 000 

miles, less than the commonly received number. This conclll
sion has lately been confirmed by M. Cornu, from a new deter
mination he has made of the vdocity of light according to the 
method of Fizeau ; and in complete accordance wi th these results 
are the investigations of Leverrier, founded on a comparison with 
theory of the observed motions of the sun and of the planets 
Venus and Mars. It remains to be seen whether the recent 
observations of the transit of Venus, when reduced, will be suffi
ciently concordant to fix with even greater precision the true 
distance of the earth from the sun. 

In this brief reference to one of the finest re;ults of modern 
science, I have mentioned a great name who,;e loss England has 
recently had to deplore, and in connection with it: the name of 
an illustrious physicist whose premature death deprived France, 
a few years ago, of one of her brightest ornaments-Wheatstone 
and Foucault, ever to be remembered for their marvellous power 
of eliciting, like Galileo and Newton, from familiar , phenomena 
the highest truths of nature ! · 

The discovf·ry of Huggins that some of the fixed stars are 
moving towards and others receding from our system, has been 
fully confirmed by a careful series of observations lately made by 
Mr. Christie in the Observatory of Greenwich. Mr. ffoggi11s 
has not been able to discover any indications of a proper motion 
in the nebulre ; but this may arise from the motion of translation 
being Jess than the method would discover. Few achievements 
in the history of science are more wonderful than the measure
ment of the proper motions of the fixed stars, from observing the 
relative position of two delicate lines of light in the field of the 
telescope. 

The observation of the American astronomer Young, that 
bright lines, corresponding to the ordinary lines of Fraunhofer 
reversed, may be seen in the lower strata of the solar atmosphere 
for a few moments during a total eclipse, has been confirmed by 
Mr. Stone, on the occasion of the total eclipse of the sun which 
occ.urred some time ago in South Africa, In the outer corona, 
or higher regions of the sun's a'mosphere, a single green line 
only was seen, the same which had been already described by 
Young. 

I can here refer only in general terms to the observations of 
Ro~coe and Schust~r on tJ1e ~bsorption-bands of potassium and 
sodrnm, and to the mvestigations of Lockyer on the absorptive 
powers of metallic and metalloidal vapours at different tempera
tures. From the vapour of calcium the latter has obtained two 
wholly distinct spectra, one belonging to.a low, and the other to 
a high, temperature. Mr. Lockyer is also engaged on a new 
and greatly extended map of the solar spectrum. 

Spe:trnm analysis has lately led to the discovery of a new metal 
-gallrnm-the fifth whose presence has been first indicated by 
that powerful agent This discovery is due to M. I.ecoq de 
Bo!sbaudran, already favourably known by a work on the appli
cation of the spectroscope to chemical analysis. 
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Our knowledge of aerolites has of ate years been greatly in
creased ; and I cannot occupy a few moments of your time more 
usefoily than by briefly referring to the subject. So recently as 
I 860 the most remarkable meteoric fall on record, not even ex
cepti1_1g tha_t of L' Aigle, occurred near the vi!!age of New Con
cord 111 Oh10. On a day when no thunder-elands were visible, 
loud rounds were heard resembling claps of thunder, followed 
by a large fall of meteoric stones, some of which were distinctly 
seen to strike the earth. One stone, above 50 pounds in weight, 
buried itself to the depth of 2 feet in the grom,d, and when dug 
out was found to be still warm. In 1872 another remarkable 
meteorite, at first seen as a brilliant star with a luminous train, 
burst near Orvinio in Italy, and six fragments of it were aftu
wards collected. 

Isolated niasses of metallic iron, or rather of an alloy of iron and 
nickel, similar in composition and properties to the iron usually 
diffused in meteoric stones, have been found here and there on 
the surface of the earth, some of large size, as one cle,cribed 
by Pallas, which weighed about two-thirds of a ton. Of the 
meteoric origin of these. masses oi iron there is little room for 
doubt, although no record exists of their fa]]. Sir Edward 
Sabine, whose life has been devoted with rare fidelity to the 
purrnit of science, and to whose untiring efforts this Association 
largely owes the position it now occupies, "·as the pinneer of the 
newer discoveries in meteoric science. Eight and fiity years ago 
he visited, with Capt. Ross, the northern shores of Baffin's Bay, 
and made the interesting discovery that the knife-blades used by 
the Esquimaux in tl::e vicinity of the Arctic highlands were 
formed of meteuric iron. This observation was afterwards fulJy 
confirrned; fl.nd scattered blocks o!· rnetf.(:ric iron bave been 
found from time to time around Baffin's Day. But it was not 
till 1870 that tl ,e metrnric ireasures of Ba!fo1's Bay were truly 
Ci~cov£-r· d. In that year NordenskiOld found, tLt a part of the 
shore difficult of approach evf n. in n1oderate wtnther, enormous 
b!ocks of meteoric iron, the largest weighing nearly twenty tons, 
imbedded in a ridge of basaltic rock. The interest of this ob
servation is greatly enhanced l-y the circumstance that these 
masses of meteoric iron, like the basJ!t with which they are 
associated, do not belong to the present geoiogical epoch, but 
must h&ve fallen long before the actual arrangement of land and 
,;ea existed-during, in short, the middle Tertiary, or Miocene 
period of Lyell. The meteoric origin of these iror, mas2es from 
Ovifak has been called in question by Lawrence Smith ; and it 
is no doubt possil.i le that they may have bten raised by upheaval 
from the interior of the earth. I have, indeed, myself shown by 
a magneto-chemical process, that metallic iron, in particles so 
fine that they have nev,r yet been acmally seen, is everywhere 
diffused through the Miocene basalt of Slieve Mish, in Antrim, 
and may likewise be discovered by careful se,irch in almost all 
igneous and i.n many metamorphic rocks. These observations 
have since been verified by Reusi, in the case of the Bohemian 
basalts. But, as regards the native iron of Ovifak, the weight 
of evidence appears to be in favour of the conclusion, at which 
M. Daubree, after a careful discussion of the s,,bject, has arrived 
-that it is really of meteoric origin. This Ovifak iron is also 
remarkable from containing a considerable amount of carbon 
partly cornbinecl with the iron, partly diffused through the 1ne
tallic mass in a form resembling coke. In connection with this 
subject, I must refer to the able and exhaustive memoirs of 
Muske!vne on the Busti and other aerolites, to the discovery of 
vanadi,_;'m by R. Apjohn in a meteoric iron, to the interesting 
observations of Sorby, and to the researches of Daubree, 
\Vohler, Lawrence Smith, Tschermak, and others. 

'The important services which the Kew Observatory has ren
dered to meteorology and to solar physics hrwe been fully recog
nised ; and Mr. Ga, siot has had the gratification of wi,ntssing 
the final success of his Jong and noble efforts to place this ob
servatory upon a permauent footing. A physical observatory 
for somewhat similar objects, but on a larger scale, is in course 
of erection, 1111der the guidance of M. Janssen, at Fontenay, in 
France, and others are sprir,ging up or already exist in Germany 
and Italy . . His earnestly to be hoped that this country will not 
lag behind in prov.iding physical obser.vatories on a scale worthy 
of the nation . and commensurate with the importance of the 
object. On this question I cann0t do better tlian refer to tl::ie 
high authority of Dr .. Balfour Stewart, and to the views he 
expressed in his able address last year to the Physical Section. 

vVeather telegraphy, or the reporting by telegraph the state of 
the weather at selected stations to a central office, so that notice 
of the probable approach of storms may be given . to the sea
ports, has become in this country an organised system; and COil• 

sidering the little progress meteorology has made as a science, 
the results may be considered to be on the whole satisfactory. 
Of the warnings issued of late years, four out of five were justi
!ied by the occurrence of gales or strong winds. Few storms 
occurred for which no warnings had been given; but tmfortu
nately among these were some of the heaviest gales of the period. 
The stations from which daily reports are sent to the meteoro, 
logical office in London embrace the whole coast of vVestern 
Europe, including the Shetland Isles. It appears that atmo
spheric disturbances seldom cross the Atlantic without being 
greatly altered. in character, and that the origin of most of our 
storms lies eastward of the longitude of Newfoundland. 

As regards the velocity of the wind, the cup-anemometer of 
Dr. Robinson has folly realised the expectations of its discoverer; 
and the venerable astronomer of Armigh has been engaged during 
the past summer, with all the ardour of vouth, in a course of 
laborious experiments to determine the constants of his instru
ment. From seven years' observations at the Observatory of 
Armagh, he has found that the mean velocity of the wind is 
greatest in the S.S. W. octant, and least in the opposite one, and 
tha~ tl:e amo~nt of wind att_ains a maximum in January, after 
which 1t steaduy decreases, with one slight exception till July 
augmenting again till the end of the year. ' ' 

Passing to the subject of electricity, it is with pleasure that I 
!,ave to announce the failure of a recent attempt to deprive 
Ocr,tedt of his great discovery. It is gro.tifying thus to find hi <>h 
re putations .vindicated, and m.mes which all men love to hono';,,r 
transmitted with und iminished lustre to posterity. At a former 
meeting of this Association, remarkable for a.n unusual attend
ance of distinguished foreigners, the central figure was Oerstedt. 
On th,,t o··casion Sir John Herschel in glo,Ning language com
pared Oerstedt's d iscovery to the blessed de,;,1 of heaven which 
on ly the mastermind could draw down, bt1t which it was for others 
to t\1rn to account and use for the fertilisation of .the earth. To 
Franklin, Volta, Coulomb, Oersted!, Ampere, Faraday, Seebeck, 
a1~d Ohm are due the fundamental discoveries of modern electri
ciry--a science whose applicati.ons in Davy's hands led to grander 
re,,u!ts than alchemist ever dreamed of, and in the hands of 
others (among whom Wheatstone, Morse, and Thomson occupy 
the foremost place) to the marvels of the electric: telegraph. 
'\Ii/hen we proceed from the actual phenomena of electricity to the 
mokcular conditions upon which those phenomena depend, we 
are confronted with gut stions as recondite as any with which the 
physicist has had to deal, hut towar<ls the solution of which the 
i·esearches of Faraday have contnbuted the most precious mate
rials. The theory of electrica.l and ma~ne-tic action occupied 
formerly the powerful mine.ts of Poirno.n, Green, and Gauss ; and 
arnong the living it will surely not be invidious to cite the names 
of\\'eber, Helmholtz, T i,omson, and Clerk Maxwell. The work 
of the latter on electricity is an original essay worth; in every 
way of the great reputation and of the cl~ar and far-seeing intellect 
of its mrthor. 

Among recent investigations I must refer to Prof. Tait's dis
covery of consecudve ntutral points in certain thermo-electric 
junctions, for which he was lately awarried the Keith prize. 
This discovery has been the result of an elaborate inve, tigation 
of the properties of thermo-electric currents, and is specially 
interesting in reference to the theory of dynamical electricity. 
Nor can I omit to mention the very interesting and original 
experiments of Dr. Kerr on the diekc tric state, from which it 
appears that when electricity of high tension is passed through 
dielectrics, a change of molecular arrangement occurs, slowly in 
the case of solids, quickly in the ca.se of liquids, and that the 
Jines of electric force are in some cases lines of compression, in 
other cases lines of extension. 

Of the many discoveries in physical science due to Sir William 
Grove, the earliest and not the least 'important is the battery 
which bears his name, and is to this day the most powerful of all 
voltaic arrangements ; but with a Grove's battery of 50 or even 
roo cells in vigorous action, the spark will not pass through an 
appreciable distance of cold air. By using a very large number 
of cells, carefully insulated and charged with w01ter, Mr. Gassiot 
succeeded in obtaining a shvrt spark through air; and lately De 
La Rue and Miiller have constructed a large chloride of silver 
battery giving freely sparks through cold air, which, when a 
column of pure water is interposed in the circuit, . accurately 
resemble those of the common e.lectrical machine. The Jenath 
of the spark increasing nearly as the square of the numbe; of 
cells, . it has been calculated that with 100, ooo elements of this 
battery the discharge should take place through a distance of no 
less than eight feet in air. 
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In the solar beam we have an agent of surpassing power, the 
investigation of whose properties by Newton fon_ns an epoch in 
the history of experimental scie:ice. scll:rcely le~s important t~an 
the discovery of the law of gravitation m the history of physical 
astronomy. Three actions charac!erise the solar bea_m, or, 
indeed more or less that of any lummous body-the heatmg, the 
physioiogical, and th_e chemical. In the ordi~ary solar bea_m w_e 
can modify the relative amount of these actwns by passmg it 
through different media, and we can thus have luminous rays 
with little heating or little chemical action. In the case of the 
moon's rays it required the highest skill on the part of Lord 
Rosse, even with all the resources of the observatory of 
Parsonstown, to investigate their heating properties, and to 
show that the surface of our satellite facing the earth passes, 
during every lunation, through a greater range of tempera
ture than the difference between the freezing- and boiling-points 
of water. 

But if, instead of taking an ordinary ray of light, we analyse 
it as Newton did by the prism, and isolate a very fine line of the 
spectrum (theoretically a line of infinite tenuity), that is to say, 
if we take a ray of definite refrangibility, it will be found impos
s·,ble, by screens or otherwise, to alter its properties. It was his 
clear perception of the truth of this principle that led Stokes 
to his great discovery of the cause of epipolic dispersion, 
in which he showed that many bodies had the power of absorb
ing dark rays of high refrangibility and of emitting them as 
luminous rays of lower refrai1gibility-of absorbing, in short, 
darkness and of emitting it as light. It is not, indeed, an easy 
matter in all cases to say whether a given effect is due to the 
action of heat or light ; and the question which of these forces 
is the efficient agent in causing the motion of the tiny discs in 
Crookes's radiometer has given rise to a good deal of discussion. 
The answer to this question involves the same principles as those 
by which the image traced on the daguerreotype plate, or the 
decomposition of carbonic acid by the leaves o£ plants, is referred 
to the action of light and not of heat ; and applying these prin
ciples to the experiments made with the radiometer, the weight 
of evidence appears to be in favour of the view that the repulsion 
of the blackened surfaces of the discs is due to a thermal reaction 
occurring in a highly rarefied medium. I have myself had the 
pleasure of witnessing many of Mr. Crookes's experiments, and I 
cannot sufficiently express my admiration of the care and skill 
with which he has pursued this investigation. The remarkable 
repulsions he has observed in the most perfect vacua hitherto 
attained are interesting, not only as having led to the construc
tion of a beautiful instrument, but as being likely, when the 
subject is fully investigated, to give valuable data for the theory 
of molecular actions. 

A singular property of light, discovered a short time ago by 
Mr. Willoughby Smith, is its power of diminishing the electrical 
resistance of the element selenium. This property has been 
ascertained to belong chiefly to the luminous rays on the red 
side of the spectrum, being nearly absent in the violet ,ir more 
refrangible rays and also in heat-rays of lciw refrangibility. The 
recent experiments of I'rof. W. G. Adams have fully established 
the accuracy of the remarkable observation, first made by Lord 
Rosse, that the action appeared to vary inversely as the simple 
distance of the illuminating source. 

Switzerland sent, some years ago, as its representative to this 
country, the celebrated De la Rive, whose scientific life formed 
lately the subject of an eloquent eloge from the pen of M. Dumas, 
On this occasion we have to welcome, in General Menabrea, a 
distinguished representative both of the kingdom of Italy and of 
Italian science. His great work on the determination of the 
pressures and tensions in an elastic system is of too abstruse a 
character to be discussed in this address ; but the principle it 
contains may be briefly stated in the following words:-" When 
any elastic system places itself in equilibrium under the action of 
external forces, the work developed by the internal ·forces is a 
minimum." General Menabrea has, however, other and special 
claims upon us here, as the friend to whom Babbage entrusted 
the task of making known to the world the principles of his 
analytical machine-a gigantic conception-the effort to realise 
which it is known was one of the chief objects of Babbage's 
later life. The latest development of this conception is to be 
fou".d ii~ the mechanical integrator of Prof. J. Thomson, in which 
mot10n 1~ transmit, ed, according to a new kinematic principle, 
from a disk or cone to a cylinder through the intervention of a 
loose ball, and in Sir W. Thomson's machine for the mechanical 
integ!i;tio~ of differ~ntial equations of the second order. In the 
exqu1S1te tidal machme of the latter we have an instrument by 

means of whic~ the height of the tide at a given port can be 
accurately predicted for all tunes of the day and night. 

The attraction-meter of Siemens is an instrument of great 
delicacy for measuring horizontal attractions, which it is proposed 
to use for recording the attractive influences of the sun and moon 
upon which the tides depend. The bathometer of the same ab!~ 
physicist is another remarkable instrument, in which the constant 
force of a spring is opposed to the variable pressure of a column 
of mercury. By an easy observation of the bathometer on ship
board, the depth of the sea may be approximately ascertained 
without the use of a sounding-line. 

The Loan Exhibition of Apparatus at Kensington has been a 
complete success, a:1d ~annot f~il to be us_eful both ~n ext~nding 
a knowledge of scientific subjects and 111 promotmg scientific 
research throughout the country. Unique in character, but most 
interesting and instructive, this exhibition will, it is to be hoped, 
be the precursor of a permanent. museum of scientific objects, 
which, like the present exhibition, shall be a record of old as 
well as a representation of new inventions. 

It is often diHicuit to draw a distinct line of separation between 
the physical and chemical sciences; and it is perhaps doubtful 
whether the division is not really an artificial one. The chemist 
cannot, indeed, make any large advance without having to deal 
with physical principles ; and it is to Boyle, Dalton, Gay-Lussac, 
and Graham that we owe the discovery of the mechanical laws 
which govern the properties of gases and vapours. Some of 
these laws have of late been made the subject of searching 
inquiry, which has fully confirmed their accuracy, when the 
body under examination approaches to what has not inaptly 
been designated the ideal gaseous state. Bllt when gases are 
examined under varied conditions of pressure and temperature, 
it is found that these laws are only particular cases of more 
general laws, and that the laws of the gaseous state, as it exists 
in nature, although they may be enunciated in a precise and 
definite form, are very different from the simple expressions 
which apply to the ideal condition. The new laws become 
in the turn inapplicable when from the gaseous state proper 
we pass to those intermediate conditions which, it has been 
shown, link with unbroken continuity the gaseous and liquid 
states. As we approach the liquid state, or even when we reach 
it, the problem becomes more complicated; but its solution even 
in these cases will, it may confidently be expected, yield to the 
powerful means of investigation we now possess. 

Among the more important researches made of late in physical 
chemistry, I may mention those of F. Weber on the specific heat 
of carbon and the allied elements, of Berthelot on thermo-che
mistry, of Bunsen on spectrum analysis, of Willlner on the band
and line-spectra of the gases, and of Guthrie on the chryo
hydrates. 

Cosmical chemistry is a science of yesterday; and yet it 
already abounds in facts of the highest interest. Hydrogen, 
which, if the absolute zero of the physicist does not bar the way, 
we may hope yet to see in the metallic form, appears to be every
where present in the universe. It exists in enormous quantity in 
the solar atmosphere, and it has been discovered in the atmo
spheres of the fixed stars. It is present, and is the only known 
element of whose presence we are certain, in those vast sheets of 
!gnited g~s of which the nebulre proper are composed. Nitrogen 
is also widely diffused among the stellar bodies, and carbon has 
been discovered in more than one of the comets. On the other 
hand, a prominent line in the spectrum of the Aurora Borealis 
has not been identified with that of any known element , and 
the question may be asked :-Does a new element, in a highly 
rarefied state, exist in the upper regions of our atmosphere? or 
are we, with Angstrom, to attribute this line to a fluorescent or 
phosphorescent light produced by the electrical discharge to 
which the aurora is due? This question awaits further obser
vations before it can be definitely settled, as does also that of the 
source of the remarkable green line which is everywhere con
spicuous in the solar corona. 

I must here pause for a moment to pay a passing tribute to the 
m~mory of Angs~ri:im, whose great work on the solar spectrum 
will always remam as one of the finest monuments of the science 
of our period. The influence, indeed, which the labours of 
Ang_stri:im and of Ki:chhoff have exerted on the most interesting 
port10n of !ater physics can scarcely be exaggerated ; and it may 
be truly said that there are few men whose loss will be longer 
felt or more deeply deplored than that of the illustrious astro
nomer of Upsala. 

I ca1:1not pursue this subject further, nor refer to the other 
terrestnal elements which are present in the solar and stelh1r 
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gJmospheres. Among the many elements that make up the 
ordinary aerolite, not one has been discovered which does not 
occur upon this earth. On the whole, we arrive at the grand 
conclusion that this mighty universe is chiefly built up of the 
same materials as the globe we inhabit. 

In the application of science to the useful purposes of life, 
chemistry and mechanics have run an honourable race. It was 
in the valley of the Clyde that the chief industry of this country 
received, within the memory of many here present, an extra
ordinary impulse from the application by Neilson of the hot 
blast to the smelting of iron. The Bessemer steel process and 
the regenerative furnace of Siemens are later applications of high 
scientific principles to the same industry. But there is ample 
work yet to be done. The fuel consumed in the manufacture of 
!ron-as, indeed, in every furnace where coal is used-is greatly 
m excess of what theory indicates ; and the clouds of smoke 
which darken the atmosphere of our manufacturing towns, and 
even of whole districts of country, are a clear indication of the 
waste, but only of a small portion of the waste, arising from 
imperfect combustion. The depressing effect of this atmosphere 
upon the working population can scarcely be overrated. Their 
pale-I had almost said etiolated-faces are a sure indication of 
the absence of the vivifying influence of the solar rays, so essential 
to the maintenance of vigorous health. The chemist can furnish 
a simple test of this state of the atmosphere in the absence of 
ozone-the active form of oxygen-from the air of our large 
towns. At some future day the efforts of science to isolate, by 
a cheap and available process, the oxygen of the air for industrial 
purposes may be rewarded with success. The effect of such a 
discovery would be to reduce the consumption of fuel to a frac
tional part of its present amount; and although the carbonic acid 
would remain, the smoke and carbonic oxide would disappear. 
But an abundant supply of pure oxygen is not now within our 
reach ; and in the meantime may I venture to suggest that in 
many localities the waste products of the furnace might be carried 
off to a distance from the busy human hive by a few horizontal 
flues of large dimensions, terminating in lofty chimneys on a 
hill-side or distant plain? A system of this kind has long been 
employed at the mercurial mines of Idria, and in other smelting
·works where noxious vapours are disengaged. "\Vith a little care 
in the arrangements the smoke would be wholly deposited, as 
flue-dust or soot, in the horizontal galleries, and would be avail
able for the use of the agriculturist. 

The future historian of organic chemistry wlll have to record 
a succession of beneficent triumphs, in which the efforts of 
science have led to result5 of the highest value to the well-being 
of man. The discovery of quinine has probably saved more 
human life, with the exception of that of vaccination, than any 
discovery of any age; and he who succeeds in devising an arti
ficial method of preparing it will be truly a benefactor of the 
race. Not the least valuable, as it has been one of the most 
successful, of the works: of our Government in India has been 
the planting of the cinchona-tree on the slopes of the Himalaya. 
As artificial methods are discovered, one by one, of preparing 
the proximate principles of the useful dyes, a temporary derange
ment of industry occurs, but in the end the waste materials 
of our manufactures set free large portions of the soil for the 
production of human food. 

The ravages of insects have ever been the terror of the agri
culturist, and the in jury they inflict is often incalculable. An 
rnemy of this class, carried over from America, threatened lately 
with ruin rnme of the finest vine districts in the south of France. 
The occasion has called forth_a chemist of high renown; and in 
a classical n:emoir recently published, M. Dumas appears to have 
resolved the difficult problem. His method, although imme
diately applied to the Phylloxern of the vine, is a general one, 
and will no doubt be found serviceable in other cases. In the 
apterous state the Phylloxera attacks the roots of the plant; and 
the most efficacious method hitherto known of destroying it has 
been to inundate the vineyard. After a long aud patient investi
gation, M. Dumas has discovered that the sulphocarbonate of 
potassium, in dilute solution, fulfils every condition required from 
an insecticide, destroying the insect without injuring the plant. 
The process requires time and patience ; but the trials in the 
vineyard have fully confirmed the experiments of the laboratory. 

The application of artificial cold to practical purpmes is rapidly 
extending ; and, with the improvement of the ice machine, the 
influence of this agent upon our supply of animal food from 
distant countries will undoubtedly be immense. The ice machine 
is already employed in paraffin-works and in large breweries ; 
and the curing or saltir.g of meat is now largely conducted in 

vast chambers, maintained throughout the summer at a constant 
temperature by a thick covering of ice. 

I have now completed this brief review, rendered difficult by 
the abundance, not by the lack of materials. Even confining our 
attention to the few branches of science upon which I have 
ventured to touch, and omitting altogether the whole range of 
pure chemistry, it is with regret that I find myself constrained to 
make only a simple reference to the important work of Cayley on 
the Mathematical Theory of Isomers, and to elaborate memoirs 
which have recently appeared in Germany on the reflection of 
heat- and light-rays, and on the specific heat and conducting
power of gases for heat, by Knoblauch, E. Wiedemann, Winkel
mann, and Buff. 

The decline of science in England formed the theme, fifty 
years ago, of an elaborate essay by Babbage ; but the brilliant 
discoveries of Faraday soon after wiped off the reproach. I will 
not venture to say the alarm which has lately arisen, here and 
elsewhere, on the same subject will prove to be equally ground
kss. The duration of every great outburst of human activity, 
whether in art, in literature, or in science, has always been short, 
and experimental science has made gigantic advances during 
the last three centuries. The evidence of any great failure is 
not, however, very manifest, at least in the physical sciences. 
The journal of Poggendorff, which has long been a faithful 
record of the progress of physical research throughout the world, 
shows no sign of flagging ; and the J ubelband by which Germany 
celebrated the fiftieth year of Poggendorff's invaluable services 
was at the same time an ovation to a scientific veteran who has 
perhaps done more than any man living to encourage the highest 
forms of research, and a proof that in Northern Europe the phy
sical sciences continue to be ably and actively cultivated. If in 
chemistry the case is somewhat weaker, the explanation, at least 
in this country, is chiefly to be found in the demand on the part 
of the public for professional aid from many of our ablest 
chemists. 

But whatever view be taken of the actual condition of 
scientific research, there can be no doubt that it is both the 
duty and the interest of the country to encourage a pursuit so 
ennobling in itself, and fraught with such important consequences 
to the well-being of the community. Nor is there any question 
in which this Association, whose special aim is the advancement 
of science, can take a deeper interest. The public mind has also 
been awakened to its importance, and is prepared to aid in 
carrying out any proposal which offers a reasonable prospect of 
advantage. 

In its recent phase the question of scientific research has been 
mixed up with contemplated changes in the great Universities of 
England, and particularly in the University of Oxford. The 
national interests involved on all sides are immense, and a false 
siep once taken may be irretrievable. It is with diffidence that 
I now refer to the subject, even after having given to it the most 
anxious and careful consideration. 

As regards the higher mathematics, their cultivation has hitherto 
been chiefly confined to the Universities of Cambridge and Dublin, 
and two great mathematical schools will probably be suffi
cient for the kingdom. The case of the physical and natural 
sciences is different, and they ought to be cultivated in the 
largest and widest sense at every complete university. Nor, in 
applying this remark to the English Universities, must we forget. 
that if Cambridge was the almc, mattr of Newton and Cavendish, 
Oxford gave birth to the Royal Society, The ancient renown of 
Oxford will surely not suffer, while her material position cannot 
fail to be strengthened, by the expansion of scientific studies and 
the encouragement of scientific research within her walls. Nor 
ought such a proposal to be regarded as in any way hostile to 
the literary studies, and especially to the ancient classical studies, 
which have always been so carefully cherished at Oxford. If, 
indeed, there were any such risk, few would hesitate to exclaim 
-let science shift elsewhere for herself, and let literature and 
philosophy find shelter in Oxford ! But there is no ground for 
any such anxiety. Literature and science, philosophy and art, 
when properly cultivated, far from opposing, will mutually aid 
one another. There will be ample room for all, and by judicious 
arrangements all may receive the attention they deserve. 

A University, or Studium Generale, ought to embrace in its 
arrangements the who_le circle of studies which involve the 
mate,ial interests of society, as well as those which cultivate 
intellectual refinement. The industries of the country should 
look to the universities for the development of the principles of 
a pp lied as well as of abstract science ; and in this respect no 
institutions tave ever had so grand a possession within easy 
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reach as have the universities of England!at this conjuncture, if 
only they have the courage to .seize it. _·With their ~ist?ric repu
tation, their collegiate endowments, ~heir commanding rnfluence, 
Oxford ana Cambrido-e should contmue to be a!l that they now 
are; but they should,~moreo_ver, attract to their lectu~e-halls ai:id 
working cabinets stucte:its rn large numbers preparmg for _the 
hio-her indnstrial pursmts of the country. The great physical 
laboratory in Cambridge, founded and equipped by the noble 
representativ~ of the Hou?e of_ Cavendish, ha~ in this _resp_ect a 
peculiar sigmficance, and 1s an important step m the d!rect10n I 
have indicated. But a small number only of thooe !or whom 
this temple of science is designed are now to be found in Cam
bridge. It remains for the University to perform its part, ar..d 
to widen its porials so that the nation at large may reap the 
advantage of this well-timed foundation. 

If the Universities, in accordance with the spirit of their 
statutes, or at least of ancient usage, would demand from the 
candidates for some of the highe r d egree~ proof of original 
powers of investigation, they would give an important stimulus 
to the cultivation of science. The example of many continental 
universities, and among others of the venerable University of 
Leyden, may here be mentioned. Two proof essays recently 
written for the degree of Doctor of Science in Leyden, one by 
Van der ,vaals, the other by Lorenz, are work, of unusual merit; 
and another pupil of Professor Rijke is now engaged in an 
elaborate experimental re,earch as a qualification for the s:,me 
degree. 

The endowment of a body of scientific men devoted ex
clusively to orig ina l research, without the dnty of teaching or 
other occupation, has ot late been strongiy a,:J.vocated in this 
cenntry ; ai1d 1\1. Fremy has given the we:ght of his high 
authority to a somewhat similar proposal for the encouragement 
of research in France. I will not attempt to discuss the subject 
as a national question, the more so as after having given the 
proposal the most careful consideration in my power, and turned 
it round on every side, I hwe failed to discover how it could be 
worked so as to secure the end in view. 

Bllt whatever may be said in favollr of the endowment of pure 
research as a national question, the Universities ought surely 
never to be asked to give their aid to a measure \V llic.;h ;,;vould 
separate the higher intellects of the conntry from the flower of 
its youth. It is only through the influence of original minds that 
any great or enduring impression can be produced on the hopeful 
student. Without original power, and the habit of exercising it, 
you may have an able instructor, but you cannot have a great 
teacher. No man can he expected to train others in habits of 
observation and thought he has· never acquired himself. In every 
age of the world the great schools of learning have, as in Athens 
of old, gathered around great and original minds, and never 
more conspicuously than in the modem schools of chemistry, 
which reflected the genius of Liebig, Wohler, Bllnsen, and 
Hofmann. These schools have been nurseries of original research 
as well as models of scientific teaching : and students attracted 
to them from all countries became cnthusiasticall y devoted to 
science, while they learned its methods from exampie even m0re 
than from precept. Will any one have the courage to assert 
that organic chemistry, with its many applications to the uses 
of mankind, would have made in a few short years the marvellous 
strides it has done, if Science, now as in medireval times, had 
pursued her work in strict seclusion, 

Semota ab nostris rebus, seiunctaque 1ong;e 
Ipsa suis poUens opibus, nil indiga nostri ? 

But while the Universities ought not to apply their resources 
in support of a measure which would render their teaching 
ineffective, and would at the same time dry up the springs of 
intellectual growth, they ought to admit freely to university 
positions men of high ·repute from other universities, and even 
without academic qualifications. An honorary degree does not 
necessarily imply a university education ; but if it have any 
meaning at all, it implies that he who has obtained it is at least 
on a level with the ordinary graduate, and should be eligible to 
university positions of the highest trust. 

N~t less important would it be for the encouragement of 
learnmg throughout the country that the English Universities, 
re~ember!ng that they were founded for the same objects, and 
denve th1:1r authority from a common source, should be prepared 
to recogmse the ancient Universities of Scotland as freely as they 
~ave always recognised the Elizabethan University of Dublin. 
Such a measure would invigorate the whole university system of 
the country more than any other I can think of. It would lead 

to the strengthening of the literary element in the northern, and 
of the practical element in the southern Universities, and it would 
bring the highest teaching of the co1mtry e,,erywhere more fully 
into harmony with the requirements of the ti,nes in which we 
live. As an indirect result, it could not fail to give a poweriul 
impulse to literary pmsuit; as well as to scientific investigations. 
Professo ;-s would be promoted from smaller positions in one 
univeroity to higher positions in another, after they had given 
proofs of industry and ability; and stagnation, hurtful alike to 
professorial and professional life, wo11ld be effec,1ully prevented. 
If this union were established among the old Universities, arid 
if at the same time a new University (as I myself ten years as-o 
earnestly proposed) were founded on sound principles amia"st 
the great pop 11 lations of Lancashire and Yorkshire, the uni
versity system of the country would gradually receive a large 
and useful extens;on, an<l, without losing any of its present 
valuable characteristics, would become more intimately related 
than hitherto wi th tho,e great industries upon which mainly 
depend the strength and wealth of the nation. · · 

It may perhaps ap;.iear to m'luy a paradoxical assertion to 
maintain that the industries of the country should look to the 
calm and serene regions of Oxford and Cambridge for help in 
the troublous times of whi,;h we have aow a sharp and severe 
note of warning. But I have not spoken on light grounds, nor 
without <lue consideration. If Great Britain is to retain the 
commaucling positioa she has so loi;g occupied in skilled manu. 
factu re, the easy wa.ys which (owing putly to the·high qualities 
of her peopk, partly to the adv,u1tages of hu insular position 
and mineral wealth} have sufficed for the past, will not be found 
to S'1ffice fo r the future. The highe,t tra;ning which can be 
brought to bear on pra~tirnl ,cience will he io:,perativdy required; 
ar.d it will be a fatal pdicy if that training is to b(: sought for in 
foreign bnds because it cimwt be obtained a t home. The 
ca,unt:y \v bich depends un<luly on the :-.tranger for the education 
ot its skilled men, or neglects in its highest places this primary 
duty, may expect to find the d,,mand for such skill gradually 
pass away, and along with it the industry for whic,1 it was 
wante:l. I do not claim for scientific education more than it will 
accomplish, nor c'ln it ever replace the after-training of the work• 
shop or factory. Ran: and powerful minds have, it is trne, often 
been independent of it; but high education always gives an 
enormous advantage to the country where it prevaik Let no 
one suppose I am now referring to elementary instruction, and 
much less to the active work which is going on every where around 
us, in preparing for examinations of all kinds. These things are 
all very us,;fu l in their way ; bnt it is not by them alone tha.t the 
practical art, are to be sustained in the country. It is by edu
cation in its highest sense, based on a broad scientific foundation, 
and leading to the application of science to practical 1)l\rposes
in itself one of the noblest pursuits of the human mind-that this 
result is to be reached. That education of this kind can be 
most effectively given in a university, or in an institution like the 
Polytechnic School of Ziirich, which differs from the scientific 
side of a university only in nan1e, and to a large extent supple
n:ents the teaching .of an actual university, I am firmly con
vmced _; and for this reason, among others, I have always 
deemed the establishment in this country of Examining Boards 
with the power of granting degrees, but with none of the higher 
and more important functions of a university, to have been a 
measure of questio,iable utility. It is to Oxford and Cambridge, 
widely extended as they can readily be, that the country should 
chiefl y look for the development of practical science ; they have 
abundant resources for the task; and if they wish to secure anrl 
strengthen their lofty position, they can do it in no way so 
effectually as by showing that in a green old age they preserve 
the vigour and elasticity of youth. 

If any are disposed to think that . I have been carrying this 
meeting into dream-land, let them pause and listen to the result 
of similar efforts to those I have been advocating, undertaken 
by a neighbouring country when on the verge of ruin, and 
steadily pursued by the same country in the climax of its pros• 
perity. "The University of Berlin," to use the words of Hof
mann, "like her sister of Bonn, is a creation of our century. 
It was founded in the year 1810, at a period when the pressure 
of foreign domination weighed almost insupportably on Prussia ; 
and it will ever remain significant of the direction of the German 
mind that the great men of that time should have hoped to de
velop, by_ high intellectual training, the forces necessary for the 
regeneral10n of their country. " It ;s not for me, especially in 
this place, to dwell upon the great slri<les which Nor:hern Ger• 
many has made of late years in some of the largest branches of 
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indmtry, and particularly in those which give a free scope for 
the application of scientific skill . "Let us not suppose," says 
Mi Wurtz .n his recent report on Artificial Dyes, "that the 
di,,.tance is so great bet ween theory and its iridustrial applications. 
This report would have been written in vain, if it had not 
brought clearly into view the immense influence of pure science 
upon the progress of industry. If unfortunately the sacred flame 
ot science shoulcl burn dimly or be extinguished, the practical 
arts would soon fall into rapid decay. The outlay which is in
curred by any country for the promotion of science and of high 
instruction wili yield a certain return ; and Germany has not had 
long to wait for the ingathering of the fruits of her far-sighted 
policy. Thirty or forty years ago, industry could scarcely be 
said to exist there ; it is now widely spread and successful.'' As 
an illustration of the truth of these remarks, I may refer to the 
newest of European industries, hut one which in a short space 
of time has attained considerable magnitude. It appears (and I 
make the statement on the authority of M. Wurtz) that the arti. 
ficial dyes produced last year in Germany exceeded in value those 
of ailfthe rest of Europe, including England and France. Yet Ger
many has no special advantage for this manufacture 1:xcept the 
trnining of her practical chemists. vVe are not, it 1s true, to 
attach undue imrortance to a single case; but the rapid growth 
of other and larger industries points in the same direction, and 
will, I trust, secure some consideration for the suggestions I have 
ventured to make. 

The intimate relations which exist between abstract science 
and its appli,~ations to the uses of lite have always been kept 
steadily in view by this Association, and the valuable Reports, 
which are a monument to the industry and zeal of its members, 
embrace every part of the domain of science. It is with the 
greater confidence, therefore, that I have ventured to suggest 
from this chair that no partition wall should anywhere be raised 
up between pure and appliEd science. 

The same se11timent animates our vigorous ally, the French 
Association for the Advancement of Science, which, rival!tng, 
as it already does, this Association in the high scientific 
charackr uf its proceedings, bids fair in a few years to call 
forth the same interest in science and its results, throughout 
the great provincial towns of France, which th~ Br~tish Asso
ciation may justly claim to have already effected m th ts country. 
No better proof can be given of the wide base upon which the 
French A,sociation rests than the fact that it was presided 
over last year by an able representative of commerce and 
industry, and this year by one who has long held an exalted 
position in the world of science, and has now the rare dis
tinction of represeming in her historic Academies the literature 
as well as the science of France. 

Whatever be the result of our efforts to advance science and 
industry, it requires no gift of prophecy to declare that the 
boundless resources which tlie supreme Author and Upholder of 
the Universe has provided for the use of man will, as time rolls 
on, be more and more fully appli.ed to the improveri:ent of the 
physical, and, through the improvement of the ph_ys1cal, to the 
elevation oi the moral condition of the human family. Unless, 
however, the history of the future of our race be wholly at w.
riance with the history of the past, the progress of mankind will 
be marked by alternate periods of activity and repose ; nor will 
it be the work of any one nation or of any one race. To the erec
tion of the edifice of civilised life, as it now exists, all the higher 
races of the world have contribt1ted ; and if the balance were 
accurately struck, the claims of Asia for her po~tion of ~he_wc:rk 
would be immense, and those of northern Africa not rns1gmfi
cant. Steam-power has of late years produced greater changes 
than probably ever occurred before in_ so shor t a time. Bul 
the resources of nature are not confined to steam, nor to the 
combustion of coal. The steady water-wheel and the rapid_tur
bine are more perfect machines than the st~ttonary s:c::am-engme; 
and glacier-fed rivers with natural reservoirs, 1f lul1y turned to 
account, would supply an unlimited and nearly constant source 
of power, depending solely for its continuance upon solar heat. 
But no immediate dislocation of industry is to be fe:.red, al
though the turbine is already at work on the Rhine and the 
Rhone. In the struggle to maintain their high positiun in 
science and its applications, the countrymen of Newton and 
\Vatt will have no ground for alarm so long as they hold 
fast to their old traditions, and remember that the greatest 
nations have fallen when they relaxed in · those habits of 
intelligent and steady industry upon which all permanent success 
depend~. 

SECTION C. 
GEOLOGY. 

OPENING ADDRESS BY P ROF. J. YOUNG, M.D., F.G.S., 
PRESIDENT OF THE SECTION, 

When the British Association rnet in Glasgow twenty-one 
years ago, Sir Roderick M mchison presided over Section C, 
and was surrounded by a brilliant company, whose names, now 
historical, were even then familiar for their accuracy of observa
tion, for philosophic generalisation, and for the eloquence with 
which their science was clothed in words that charmed while 
they instructed. Lyell, Hugh Miller, Sedgwick, Jukes, Smith 
of Jordan Hill, Thomas Graham, Agassiz, Salter, Leonard 
Horner, John Phillips, Robert Chambers, H. D. Rogers, 
Charles Maclaren, Sir W. Logan. The list is a heavy one even 
for twenty-one years, and the chano-ed circumstances will be 
fully realised by Nicol, Harkness, E"'gerton, Darwin, Ramsay, 
and others_ when they find M:urchison's place occupied by one 
who holds 1t rather by the courtesy of the Council to the Insti
tution in which we are assembled than by any claim he has to 
the honour. 

It would be out of place for me to do more than refer to the 
geological z.dvantages which have glven to Glasgow its com
mercial greatness. In the Handbook prepared at the instance 
of the Local Committee will be found gathered together all the 
positive knowledge we possess regarding the mineralogy, strati
graphy, and palaeontology of the we:;t of Scotland. The speci
mens themselves are exhibited in the Hunterian Museum and 
in the Corporation Galleries; and I take it upon me to say the 
Glasgow geologi,ts are as ready as ever to assist the invest.igations 
of students in special departments with all the material which 
richly fossiliferous strata yield and the careful skill of assiduous 
collectors can secure. 

Thus i-elieved from entering into local details, I would ask 
your attention for a short while to some of the difficulties which 

· a teacher experiences in;)ummarising the principles of geology 
for his students. 

I may be pardoned for reminding you that as yet there are in 
Scotland only two specially endowed teachers of geology. In 
the Universities, that science for which Scotsmen had done so 
much received only the odd hours spared from z:iology. In 
1867 the two courses were separated in Glasgow; in 1870 Sir 
R. J. Murchison founded the Chair of Geology in Edinburgh; 
in 1876 Mr. Honyman Giliespie endowed a Lectureship on 
Geology in Glasgow, not separating it from zoology, but rather 
desiring the two to remain associated, while means were pro• 
vided for tutorial instruction in the elementary work of the class. 
When next the Association meets in Glasgow, T hope that the 
services which science has rendered to mining and metallurgy 
may have been recognised by those who have reaped the benefit. 
During the efforts of years to obtain provision for systematic 
teaching in mining and metallurgy, practical and scientific have 
always been set in opposition by those whom I addressed. In 
another twenty years it may have become apparent that it is 
possible for a man to be both practical and scientific, and that 
the combination is most conducive to economy. 

Geology occupies the anomalous position of being a science 
without a special terminology-a position largely the result of 
its history, but to some extent inherent in its subject-matter. 
Treated of by Hutton and Playfair and their opponents in the 
ordinary language of conversation, current phrases were adopted 
into science not so much acquiring special meanings as adding 
new ambiguities to those already existing. Every one seemed to 
understand them at once; and thus, as no one was-obliged to 
attach very precise meanings to them, the instruments of research 
became its impediments, and the phrases in common use at the 
beginning of the century have transmitted to the present day the 
erroneous ideas of those by whom they were first employed. 
When Lyell, in 1832, methodised the knowledge accumulated 
prior to that date, he had, in organising the science, to choose 
between inventing an appropriate terminology and adop ting that 
in common use. By doing the latter he promoted the popularity 
of the science, though at the cost of some subsequent confusion; 
by attempting the former he would have set in arms against him 
those who would, according to the pedantry of the time, have 
denounced his neologisms and formed in them a decorous veil 
for the objections which they entert,,ined on other grounds to his 
views. Lyell was not the man to lace the latter difficulty, nor 
can it be charged against him that he was wittingly neglectful of 
the interests of science. But to the use of conversational language 
are traceable certain assumptions to which I de,ire to draw your 
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attention. In venturing criticism of this kind, I am not u1;1-
mindful of the Nemesis which has overtaken my colleague, Sir 
\V. Thomson for his comments on Lyell's language. Thomson 
took exceptio;1 to language which imJ?lied a. kind of perl?etual 
motion-a circulation of energy at variance with the teaching of 
physics - and behold, two or three years after, Lockyer has 
publish;d, as a physical astronomer, and Prestwich has approve<l, 
as a geologist, the opinion that the temperature of the sun may 
have fluctuated-that, in fact, changes of chemical combination 
may from time to time have refreshed the heat of the planet, 
whose uniform rate of cooling Sir William had assumed. 

When stratigraphical geology first received due attention, the 
notion was prevalent that each formation terminated suddenly by 
cataclysm ; it was therefore natural that the British succession
the earliest to be tabulated in detail-should be taken as a 
standard for other countries, and that the enumern tion of the 
series should be a generalised section in which were incor
porated those strata not present in Britain. The "intercalation" 
of beds thus practised to make an " incomplete" series " com
plete " still survives, as do the terms, though the notions which 
underlie them are formally denied by those who use tl1em, A 
patriotie fellow-countryman once surprised us by his vehement 
denunciation of a treacherous Scot who called the Lanarkshire 
limestones meagre and incomplete as compared with the English. 
With knowledge he might have made his criticism useful ; as it 
was he only gave a fresh example of the national peculiarity 
which, if it cannot prove Scotland to be better off than its 
neighbours, is content to make it out to be no worse. The 
abundant fossils of the Mesozoic strata of England and France 
rendered comparison easy, and created the impression that con
chology was the A B C of geology, physical being subordinated 
to pal reontological evidence. The balance has been somewhat 
restored by the Geological Survey, the precision of whose physical 
observations enables them to guide the paheontologist as often as 
guided by him. But one legacy from our predecessors we have 
not got rid of, nor indeed has its value been much called in 
question. 

The process of intercalation had at first to do only with 
observed gaps into which obvious equivalents could be received. 
But as the needs of speculative biology rapidly increased, in th,; 
same ratio did belief in the imperfection of tl:e. geological record 
increase, till now we have that record described as a most frag
mentary volume, nay as the remains of the last volume whose 
predecessors are lost to us. 

Sir W. Thomson did good service by calling in question, on 
physical grounds, the indefinite extension backwards of geological 
time. The first fruits of his crusade were the definitions of Uni
fo rmitarianism and Evolution which Prof. Huxley gave. Hence
forth no one will maintain the onesided notions regarding these 
two opposing views of the earth's history which were adopted in 
ignorant misconception or dictated by conceit and bigotry. But 
the service done was even greater, for while it became clear that 
a knowledge of physics was indispensable to him who would 
promulgate sound notions, it was further apparent tha.t both 
biological and geological evolution had a limit in time ; that in 
fact, on the assumption of the primitive incandescence of our 
globe, the date might be at least approximately fixed when the 
mechanical processes now at work commenced, and when the 
surface of the earth became habitable. Nothing more has yet 
been done than to point out the way ; for, though Prof. Guthrie 
Tait indicates a limit of from fifteen to ten millions of years, 
that statement can only be regarded as in effect, though not 
perhaps in intention, as a protest against the liberality and vague
ness of Sir W. Thomson's allowance, which gave geologists a 
range of one to two hundred millions of years. 

The reconciliation of physicists and geologists is not likely 
to come through Mr. Lockyer's researches, even if the 
earth's history be shown to have been identical, "Jnless the 
renewal of the earth's heat be shown to be compatible with con
tinued life on the surface. If the reconciliation is looked for 
through the prolonged duration of the sun's life, that being the 
gauge of the earth's duration, the expectation is still based on 
the supposed need of very great time for geological processes, or 
rather on the supposed need of very i_;reat time for biological 
evolution, to which geological evolution has been squared. 
There is another direction in which these results may help us to 
me~t ~he limitation assigned Ly the physicists ; the intervals of 
variation of temperature may be shorter than those which 
separate the maxima of eccentricity of the earth's orbit, and thus 
the repeated cold periods of which we have suggestions in the 

stratified rocks, may have recurred within a shorter total period 
than is at present claimed. 

It is scarcely within the compass of this address to enter into 
the questions involved, but it is permissible to indicate the 
reason for delaying meanwhile acceptance of any precise limit of 
time. There is as yet too much diversity of opinion as to the 
elements of the problem. Physicists are by no means at one as 
to the conditions which permit or prohibit shifting of the earth's 
axis. Calculations are based on the assumption of the regularity 
of the earth's form under a certain constant relation of the masses 
albeit of diverse specific gravity, which compose it. It is more'. 
over assumed that the ratio of land and water has been uniform 
though the formation of the grand features of the land by con: 
traction of the cooling mass has not yet been considered as affect
ing this assumption by altering the disposition of the water. On 
the one hand it has been shown that the existence of uniform 
temperatures over the earth's surface is a gratuitous hypothesis · 
on the other hand it is clear that the existing distribution of light 
and heat is incompatible with the flourishing of an abundant 
Carboniferous and Miocene flora within a short distance of the 
North P ole. One expects that astronomers will look to the 
shifting of the axis of rotation as the possible expl:ination of the 
difficulty, taking into account likewise the shifting of the centre 
of gravity necessarily following those displacements of matter 
which, on the contraction theory, have determined the positiom 
of the main continents and oceans. 

Mr. Evans, in his address to the Geological Society, referred 
to the deviation of the magnetic axis as perhaps due to such 
shifting of the materials composing the inner mass of our globe. 
May not the conjectures of M. Elie de Beaumont be after all in 
the right direction? May not the change of trend which led him 
to classify the mountain-chains by reference to the age at which 
they had been elevated, be associated with movements which did 
not in all cases result in shiftings of the earth's axis, so pro
nounced as tho,e which permitted the Carboniferous and Miocene 
floras to invade successfully the Arctic Regions, or the pheno
mena of the glacial epoch or epochs, to manifest themselves in 
the low latitudes when their traces have been recognized? 

Waiving, for the present, inquiry into the intluence which 
the admission of a possible shifting of the earth's axis might have 
on our estimate of geological time, I ~hall return to the phrase
ology whose amendment seems advisable. 

The confusion which exists is well illustrated in a remark by 
an eminent writer to the effect that the progress of geological 
research tends to prove the " continuity of geological time." 
The phrase in itself involves an absurdity; but what is meant is, 
that the successive so.-called formations pass into ench other by 
imperceptible gradation ; and that, as time goes on, we shall be 
more am! more able to intercalate strata so ns to present a con· 
tinuous scale of animal and vegetable forms. This is one out of 
many samples of the extreme length to which the thirst for strict 
correlation may go. We find in Murchison's writings and else
where pointed protests against the succession of strata in one 
district being held to rule that in other districts ; but these are 
rather concessions wrung from their author by the pressure of 
particular inslances than acknowledgments of a rule applicable 
to contiguous and to distinct localities alike. I could not per
haps take a better example than the strata which cor,tain the 
rem1tins of the fossil Equidce. If we arrange the fossils in any 
series representing the modification of particular structures, or 
averaging the modifications of all the structures, we shall find 
that the terms of the series are met with, now in Europe, now in 
America ; yet no one would venture to intercalate the European 
in the American Tertiary series so as to square the geological 
record with an a,sumed zoolojcal standard. The notion of 
gradations, the extreme view of correlations has led to results 
which . are, to put it mildly, of doubtful value. Yet it was a 
natural result of th~ work of Cuvier and other palreontologists 
among the Mesozoic and Eocene fossiliferous deposits. The 
s~atistical method_ invented by ~yell is simply a mode of grada
t10ns. Intercalat10n of strata is therefore a survival from an 
earlier stage of the science, and carries with it a distinct echo of 
the catastrophic notion that strata were formed simultaneously 
and generally.over the earth's surface, if not universally. 

The geological record has been compared to a volume of which 
pages have here and th_ere disappeared ; and the iucompJetene;s 
of th~ record has b~en inferred from the frequency of pronounced 
g3:p_s m the success10n of strata. Of these gaps, these unconfor
~it1es, Prof. Ramsay has shown the importance by demonstrat• 
mg that they represent the lapse of unknown, but v<trying, and 
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in all cases, considerable periods of time. The intercalation of 
strata, assumed to fill up the gap, and here by to give symmetry 
to systematic classifications, can only be clone by an appeal to 
the ~tatistical method, a fauna containing forms characteristic of 
higher and lower beds being assumed to represent an intermediate 
point in time, whereas it might be equally weil claimed as re
presenting an intermediate area in space, ·and as being possibly 
representative of the whole gap and of some of the strata above 
and below it. · 

The definition of a formation as representing a certain period 
of ti1re, still repeated with various modifications, is to blame for 
this and several other curiosities of procedure. But the climax 
of symmetrical adjustments is reacf!ed when we find "natural 
groups" established-whrn, in other worc1s, an attempt is macle 
to show a regular periodicity of phenomena in geology. Dawson 
proposed a quarternary, Hull a ternary classification, to neither 
of which shonlcl I now refer, but that the de,erved estimation of 
these writers is apt to perpetuate what seems to be an unsafe 
vie:,w of geoiogical ~,nccession. 

Hull's arrangement has the merit, by force of its simplicity, of 
bringing the vainness of the attempt into prominence. Dawson 
has cornplirntcd his dass:fication so as to render it impracticable. 
A natural group of strata, one in which elevation, deep depres
s.ion, elevation, record themselves in rocks so as to establish geo
logical cycles, implies several things for which we have no 
evidence. Most important of all does it imply, that the events 
above noted should recur in every area in the same order, that 
they should recur at equal interval:; of time, and therefore yield 
equal masses of strata, and above all that the superior and in
ferior limils of each natural and coterminous group should consist 
of a mass of similar strata, one portion of which shall belong to 
the earlier, the other to the later group. Here then we have 
implied, not catastrophic simplicity as regards the strata, but 
sometl1ing very like it as regards the subterranean forces. 

Mr. Hull has not, however, been able to surrender:himself 
wholiy to f!is speculation. He has admitted "gaps," breaks, 
that is to say, for which he finds no equivalents in the British 
series ; the strata that should occupy these gaps having been 
either removed by denudation or never deposited, the British area 
being at these times above water. The concession is fatal to the 
schewe. But the very use of the word gap recalls. the phrases 
" complete and incomplete," and their nearest of kin '' base of a 
formation." Prof. Ramsay used the word "preak" to mark his 
unconformities, but no term has been proposed for '' the base of 
a formation." The term was in constant use when such base 
was always claimed to be a conglomerate.· That notion is now 
explDded, but no distinction is drawn between the lowest bed of 
a group of conformable strata, and the bed or beds which repose 
1rnconformably on those below them. Thus, the London basin 
has the Thanet beds, the Reading beds, and the London clay 
successively resting on the chalk, and each of these is the base for 
its proper locality, unless it be asserted that in this and similar cases 
the lowest beds once covered a wider area, and were then 
removed. But a more important case is presented by the great 
calcareous accumulations of the Carboniferous and Chalk series. 
The Lower Greensancl is to the latter series in England what the 
lowest stratum of the Chalk would be if we could get at it. The 
Caruoniferous Li mes tone rests directly on the Red Sandstone in 
central England, farther norfh it rests on the Calciferous Sand
stones. Thus the bo.se ·of the formation varies according to 
locality, or rather according to the circumstances of deposition, 
and we need a term which would indicate a difference between 
the conformable and unconfon:i1able succession. Mr. Judd has 
lamented the equivocal use by English writers, of the term for
mation, which etymologically is as well applied to the Chalk 
without flints as to the whole Cretaceous series. He advocates 
"system" as appiicable to the larger groups, the Cretaceous 
s,,stem for example, But it seems as if the time were come· for 
s;ill further restrictions of either or both terms. 

The analogy of the geological record' to an incomplete volume 
is, iike most analogies, at once imperfect and misleading. Rather 
might the record be compared to the fragments of two volumes 
wbich have come to be bound together, so that it is not possible 
to recognise the sequence. Or perhaps it might be better com
pared to a universal f!istory in which, by omission of dates, th.e 
chronology is thoroughly obscured, and the necessary treatment 
of each nation· by itself conceals the contemporaneity of events. 
vVe have the aquatic record and the terrestrialrecord, and these 
two are going on simultaneously. It is as yet, and probably 
al ways will be impossible to recognise the marine deposits which 
correspond to the terrestrial remains, save perhaps in the most 

recent geological times, We now know that the life of the 
Cretaceous seas is not wholly extinct in the existing Atlantic 
Ocean, put exists there to an extent which would entitle the 
deposits of that area to ran)< by the statistical method as inter
mediate between the Cretaceous and the Tertiary. It is obviously 
impossiule to include under one term deposits which are asso
ciated with geographical changes so important as those commonly 
accepted as having prevailed during the Tertiary epoch. The 
Meosozoic forms pass gradually into the Tertiary, 1:iow gradually 
we cannot say, since the deep sea equivalents of the European 
Tertiaries are not certs.inly known to us. But as a portio11 
survives to the present day, and a,, presumably, the extinction 
was not rapid (for it is only in the case of land animals that 
,udden clisa,.,pearances are as yet probable), it is obvious that the 
successor, the heir of the !Chalk, was not the Eocene, nor 
necessarily the Miocene known to us, but probably deposits still 
buried under the Atlantic. 

My object is to show that, even the limitation of time which 
Prof. Tait prescripes for m, may not after all be too narrow for 
the processes which have resulted in our known stratigraphy. 
l4r. Darwin speaks of the geologic record being the im1Jerfect 
record of the last series of changes, the indefinite extension of time 
anterior to the earliest fossiliferous rocks being necessary for the 
full evolution of organic forms. But is there any ground for the 
,issumption? True that the Laurentians contain fragments of 
antecedent rock, but were these fossiliferous? Are they the remains 
of land surfaces on which living beings flourished, or are they 
only the dehris of the first consolidated portion of the earth's 
crust on which if organisms existed they may have been the most 
primitive of our organic series? Mr. Jukes refers to the possi
bility of such earlier strata having existed, hut he wrote when 
geologists were dominated with the belief in the indefiniteness of 
geological time. Now we are brought by physicists, like Sir 
\Y. Thomson and Captain Dlltton, to face the question-is there 
evidrnce of such eariier masses of stratified deposits ? If we 
allow to the physical argument all the weight to which its advocates 
deem it entitled, if we accept fifteen millions of years, nay, even 
if we admit one hundred millions of years as our limit, it follows 
that we 111ay still regard the earth as in its first stage of cooling. 
Dnt when we turn to the geological evidence, all that can be 
advanced is that the Laurentian strata contain fragments pre
sumably derived from earlier strata; but metamorphosed frag
ments among metamorphic rocks are not the most rdiable guides, 
and there is the positive evidence that the Laurentian area has 
not been covered to any extent, if at all, by later deposits. So 
far as direct proof goes, therefore, we have none that the earliest 
known stratified rocks are not,also the earliest deposited after cool
ing. Even if we disregard the limits imposed by the philosophers, 
liberal though they are in Sir vV. Thomson's hands, the absence 
of proof tl1at later deposits covered Laurentian areas seems 
'entitled to greater weight than is usually allowed to negative 
evidence. At best the assertion of a11tecedent strata is an 
arbitrary one, which any of us is at liberty to contradict, and in 
favour of which no physical evidence, and only zoological pre
judices can be adduced. The earliest stratified deposits known 
are the Laurentian, and they are, so far as we know, the earliest 
to have been deposited. 

But apart from these possible though improbable earlier 
deposits, geological time is said to be lengthened by the missing 
strata of Liter periods. Mr. Croll has given great prominence 
to this, which is another of the things taken for granted ici 
geology, commenting on Mr. Huxley's remark that if deposit 
went on at the rate of I foot for 1,000 years, the 100,000 feet of 
strata assumed by him to form the earth's crust, would be laid 
down in the roo millions of years which Sir W. Thomson had 
given as the limit. But, says Mr. Croll, what of the missing 
s,.rata? lt is commonly said that we have only a part of the 
deposits of any period, that the last have been denuded away, 
and that thus the time needed for their depc,sit and for their sub
sequent removal are out of our knowledge. This is based on 
what we see on the shore when the tide rises and falls and washes 
off at each turn a part of the sand and mud laid down in the 
interval. But the older deposits were laid down in deeper water 
than that between tide-marks, and were for the most part laid 
down during subsidence. Ever_i admitting removal of part of the 
strata to have taken place dunng re-emergence, the quantity so 
withqrawn cannot be proved to represent more than a small 
fraction of the total. To provide the needed elongation of 
geological time by an appeal to arbitrary speculations is not 
admissible. Belief on belief is, as Butler says, bad heraldry. 
The denudation to which importance is justly ascribed is that 
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represented by unconformity. Re-elevation has been accompanied 
by disturbance of the area from a different centre than that ~round 
which subsidence took place. The strat": are worn _o~h~uely, 
and thus thickness of the mass at one place 1s greatly dummshed, 
though it does not follow in all cases that the maximum thick
ness of the strata has been effected. 

The importance, as I deem it, the excessive importance which 
is attached to the missing strata is asserted by biologists who, 
apparently unconsciously, seek to gain, by prolonging the interval 
between successive groups, the time which ought rather to be 
sought for in tracing, were that possible, the migrations of the 
species which seem to have suddenly died out. In other words 
there is a reversion to the older icleas regarding the succession of 
strata which are embodied in such phrases as the Age of Fishes, 
the Age of Reptiles, ancl the like. 

But the inequality of surface which unconformity involves, 
entails that other consequence that the maximum thicknesses of 
the twa masses of deposits do not coincide in position. Hence 
the thickness of the strata in the area will be exaggerated, the 
time spent in deposit also exaggerated, if the two thicknesses are 
put together. This has been done by Mr. Darwin in drawing 
inferences from the measurements given him by Prof. Ramsay, 
measurements which, on the face of them, do not represent a 
contimwus pile of rock. Mr. Darwin assumes either that the 
Welsh Hills (not to speak of the H ehrides) were covered by all 
the later strata now denncled or that if we sink a bore, say on the 
east coast, we should go through the whole series as tabulated. 
When Prof. H uxley took 100,000 feet as the thickness of the 
sedimentary series, the same notion was unconsciously present, 
the same survival of catastrophism, the onion-coat theory as 
I-1 erbert Spencer named it. 

The Geological Survey has corrected its tables in one im· 
portant direction ; it has shown the contemporaneity of unlike 
groups in different parts of Britain, the distinct types of the old 
red sandstone, carboniferous, permian, and purbecks being 
placerl. in parallel columns. To some extent this is a curtail
ment of th e thickness of the rock series, the dissimilar strata are 
not piled on each other. But the curtailment might be carried 
still farther. The marine and terrestrial conditions are simul
taneous; if we could identify the dry land for each deep sea we 
should !-,ave possibly the overlap of periods producing extraordi
nary combinations, though not perhaps of Mesozoic and Palreozoic 
faunas contempora'leous. But_ the British series may be tabulated 
as follows :-
Land Sw;faccs. I Lacustri,ee and Fluviatile. 

Carr,brian. 
Old Red Sandstone. 
Calciferous Sandstones. 

Coal l\.Ieasures. 
Permian. 

Trias. 
Purbeck. 

Wealden. 
Miocene. 
Plci5tocene. 

llfarine. 
Laurcl'ltian ? 
Silurian. 

Carboniferous Limestone. 

Jurassic. 

Neocomian. 

Cretaceous. 

In the case of the Cretaceous ·series, Mr. Ramsay has given 
lllustration of the ingenious views of De La Beche regarding the 
contemporaneity of deposits superposed one on the other. The 
Lower Greensand is contemporaneous with part of the Chalk, so 
were parts of the W ealden : nay, even of the Purbecks a portion 
must have been forming while the Cretaceous sea was gradually 
deepening southward and eastward. 

It may be said that the recognition of the parallelism would 
not make very much difference after all ; that it would not one 
whit lessen the time spent in forming 500 feet ofrock to know that 
there was elsewhere another 500 feet formed at the same time. 
But the shortening of the geological list by striking out the over
laps of the formations and thus counting them only once is of 
itself a matter of some consequence, since the maximum thick
ners of the Cretaceous being nearly 3,000 feet and that of the 
'\¥ eald r,500 feet, even the partial coincidence, irr time, of these 
masses, would, on Mr. Croll's calculation of I foot of deposit 
per 1,000 years, make a considerable difference in the chrono
logy, still more if the Carboniferous Limestone be set against 
its probable contemporaries the Upper Old Red Sandstone and 
Coal-measures. Mr. Jukes' bold erasure of the Devonians was of 
1t,elf a very important change on the chronological table, and I 
doubt not others may yet be achieved. But, it may be said, the 
Cretaceous still rests on the vVealden ; the vertical thickness still 
remains. But is the ordinary method of estimating the thick
ness ql11te reliable? In some cases, as in the productive coal
rneasures, there is tolerable uniformity; but among the lower 

coals and the Mesozoic strata, where the strata or groups of 
strata are not regular, the maximum thicknesses of all are, as 
has been already shown, apt to be taken, and~ thus an aggregate 
more or less in excess of the real thickness results. 

But recurring to an objection already referred to, arrange it 
as you like, you get, say in Wales, a known thickness of 50,000 
feet. But the rocks there are tilted, and the absolute depth 
which they attain in this position is unknown. In North 
America the Laurentians are estimated at 30,000 feet ; but 
though there is every reason to believe that they have not been 
covered to any extent with later rleposits, the total thickness of 
sedimentary crust is, for the same reason as in Wales, unknown. 
B;gsby has shown how varied are the surfaces on which the 
later deposits are laid down ; how great, therefore, must be 
the deductions from the same total of maximum or even average 
thickness of all formations before we approximate to the actual 
thickness of sedimentary deposits at any one point. But take 
the actual thickness in ·wales as given in Jukes's Manual from 
the Survey data : for the Cambrians we have from 23-28,000 
feet; Silurians, Upper and Lower, not counting breaks by un
conformities, 20, ooo. If denudation takes place at the rate of 
I foot in 6, ooo years, and deposit at the same rate, we should 
have for the Silurians alone 120,000,000 of years needed. If, 
however, deposit takes place at the rate of I foot in 14,400 years, 
288,000,000 millions of years would be needed for the accumu
lation of the surviving strata, It is obvious that the rate of 
deposit or denudation, or both is misunderstood. The stratified 
rocks equal in amount the material denuded; if we knew the 
total amount of denudation we should know, not merely the 
residuum of rock open to our inspection, but the total amount of 
slratified deposits which had been formed, or at least approxi
mately, for the deposit of materials removed is not synchronous 
with their removal. Obviously these elements are not known, 
and cannot be known to us. Mr. Croll, who has investigated 
the question theoretically, assnme5 that deposit and denuda
tion take place in equal times, and assumes further a uniform 
distribution over the whole or over a part of the sea-bottom. 
But Prof. Geikie's table shows tha!, if we are to take averages 
as a safe guide, the land is lowered at the rate of two in 6,000 
Jears. Moreover, if, as Mr. Croll points out, deposit was less 
during the glacial epoch, the process must have been more rapid 
since, and thus an irregularity is introduced which impairs the 
value of the calculations. Prof. Hughes, in the brief abstract of his 
Royal Institution address, which alone I have had the opportunity 
of seeing, contests the validity of any estimates of time on the 
basis of our existing knowledge. I do not mean to enter into 
this question, but I may be allowed to remark that any conclu
sions, founded on mean thickness of sedimentary formations are 
of no value. It is not the time necessary for the building up of 
a mean thickness, but that necessary for the formation of the 
maximum thickness in particular regions which we have to 
consider. 

If the Laurentian rocks and their equivalents are to be re
garded as the earliest stratified deposits, or rather, if there is no 
reason for believing that they were preceded by other stratified 
rocks, the relation of Huxley's homotaxis to any classification of 
strata having the Laur~ntians as a fixed point is worth investi
gating. The universal diffusion of species in the earlier strata 
was fir,t the accepted creed of geologists. Then it was denied, 
though the language of the earlier faith continued current. 
Again, we return towards the doctrine of extensive simultaneous 
diffusion, but nnder a very much modified form. The Ch1..llen,g-er 
reports bear testimony to the wide distribution of forms in the 
deepest oceans, and when we turn from these and compare the 
lists of fossil species so found widely distributed, it appears that 
here again we have oceanic forms, or at any rate those found in 
such limestones as are safely assigned to a deep water origin. 
Ramsay has shown that the continental epochs in Western Europe 
overlasted considerable periods of time. The antiquity of the 
Atlantic and Pacific is certain; even their primitive character 
is possible. Thus there are two conditions-land and deep sea 
-reasoning regarding which must be qnite different from that 
applicable to the intermediate conditions. It is exactly these 
intermediate states which present practical and speculative diffi
culty. Theories which account for mountains and oceans fail to 
explain the "oscillations" which were wont t.o be appealed to 
when terrestrial and marine surfaces succeeded each other. But 
the assumed movement of the land is by no means a certainty, 
and as in the kindred case of faults, we need terms which shall 
be neutral, whether the land has moved upwards or the sea 
sl1runk downwards. The terms Pah:1:ozoic, Mesozoic, and Cain• 
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zoic have long held their places from the reluctance to -disturb 
established nomenclature, as well as from the difficulty of in
venting appropriate substitutes ; but if retained at all, we know 
now that the relations they represent are not the same for the 
terre,trial, the deep oceanic, and the intermediate areas, any 
more than the life is the same under those three conditions. 

I ~ave once before called attention to a gra. ve difficulty in the 
physical_ geography of Scotland ; and as Mr. Seeley has since 
then raised the same question without obtaining an· answer, 
I would again state the case as one which seems to involve the 
revisal of some definitions. 

The Silurian hills of South Scotland are commonly said to 
have bcen)covered by Old Red Sandstone and even by Carboni
ferous strata, patches of these. rocks being met with on the 
south s_ide of th~ fault which de~nes these hills with their abrupt, 
coast-like margm seen from Edinburgh, or from Symington sta
tion 011 the Caledonian line. But the surface of these Silurians 
was dennded before the Old Red times, as Mr. Geikie has showed. 
Nay, valleys existed as now, and in the same positions as now. 
At the present time the rivers flow in identically the same valleys, 
in at least the cases of the Nith, the Annan, the Lauder, and the 
Liddell ; and the boundaries of the areas are so well known that 
we can safely assert no buried channel to exist such as we find 
on the tributaries of the Clyde. That the channels were occluded 
in glacial times we may take for certain; that the obstruction 
has been washed away and the courses cleared is eqnaliy certain. 
The surface contours were not materially altered, so that the 
retreating ice lefc hollows in the position of the old valleys. Bt1t 
the case is quite different when we deal with the older rocks. 
Their snccession is marked by mu;onformities and overlaps, 
which it is impossible to picture as associated with foll preserva
tion of the surface ·features on which they were laid down ; and 
whe11 the thickness comes to be as much as r, oco feet or more, 
a:.d of that thickness a part at least made 11p of marine strata, 
the relapse of all the streams to their old causes is an event of 
the highest improbability, Mr. Tapley has pointed out how the 
dip of strata may, under certain circumstan~es, coincide with 
their thinning out to the margins of their area of deposit, changes 
of angle in highly inclined strata pointing in the same direction. 
The ordinary rule of protracting strata, and thus restoring their 
thickness over the adjacent high ground, is, in the case, at least, 
of South Scotland, a method which imposes on a tmospheric 
denudation, even if aided by the sea, a most complicated task. 

Had time permitted, it might have been interesting to note 
the cha.nging phraseology regarding faults, and the pertinacity 
with which phrase; involving the most 11nsatisfactory and im
probable causation continue to be used. Upcast and down
co.st, upthrow and downthrow, displacement upwards or down
wards~these it may be said are of small importance ; they are 
only symbols. Bnt in the first place they are mischievous so fa r 
as they give students confused ideas with which to contend, and 
in the second place the continued acceptance of loose phraseo
logy is peculiar to geology ; even in metaphysics, where the snb
ject matter is much more conveniently discussed in ordinary lan
guage, new terms are employed to a great extent. But important 
as I therefore regard these terms from the teacher's point of view, 
the greater importance attaches to the accuracy of the notions 
whid1 underlie our lang11age regarding the processes and rates of 
deposit and denudation. 

So far as our present knowledge goes, we must accept it as 
certain that there is some limit to the duration of the earth in the 
past. NeiTher philosophers nor astronomers are agreed on the 
essential points of the problem, nor ha,e they considered all the 
possihle changes in the position of the earth's axis, and in the 
rate at which the earth loses heat. The limits hitherto prescribed 
are so discrepant that we cannot as yet accept any as fixed. 
Neither have geologists so accurnte a knowledge of geological 
processes that they can speak with confidence either of the abso
lnte or relative rates at which rock formation has advanced. The 
geologist has hitherto asked for more time, not because he 
himself was aware of his need, but from a generous regard for the 
difficulties in which his zoological brother found himself when he 
attempted to explain the diversity of the animal series as the 
result of slowly-operating causes. The geologist asked for more 
time simply because he could form no just estimate of what was 
needed for the physical processes with whose results he was 
familiar. But palreontological domination is now at an end ; 
and the increasing number of geologists, who are also competent 
physicists and mathematicians, seems to mark . a new school, 
which will strive to interpret more precisely the accnmulated 
facts. Such at least seems the history of the past fifteen or 

twenty years. Such seems the direction in which speculation 
now tends, and in the forl!going remarks I have endeavoured 
faithfully to represent the drift of our science. To many here 
present much of what I have said is already familiar; I therefore 
give place to the more legitimate business of the Section, looking 
to receive elsewhere "such censures as may be my lot." 

SECTION D. 
BIOLOGY. 

OPENING ADDRESS BY THE PRESIDENT, ALFREt> RUSSEL 
WALLACE. 

Introduction. 

_THE range of subjects comprehended within this Section is so 
wide, and my ow_n . acquai~tance with them so imperfect and 
fragmentary? that 1t 1s not m my power to lay before you any 
gei:eral ontlme of the recent progress of the biological sciences. 
Neither do I feel competent to give you a summary of the present 
status of any one of the great divisions of our science--such as 
Anatomy, . Physiol?gy, Embryology, Histology, Classification, 
or Evolut10n-Ph1lology, Ethnology, _ or Prehistoric Archreo
.]ogy; but there are fortunately several outlying and more or less 
neglected subjects to which I have for some time had my atten
ti ,··n directed, and which I hope will furnish matter for a few 
observations, of some interest to biologists, and at the same time 
not unintelligible to the less scientific members of the Associa
tion who may honour us with their presence. 

The subjects_ I first propose to consider have no general name, 
and are not easily groupe~ under a single descriptive heading; but 
they may be compared with that recent development of a sister
science , which has been termed Surface-geology or Earth-sculp
tnre. In the older geological works we learnt much abont strata, 
and rocks, and fossils, their s11perposition, contortions, chemical 
constit11tion, and affinities, with some general notions of how 
they were formed in the remote past ; but we often came to the 
end of the volume no whit the wiser as to how and why the 
surface of the earth came to be so wonderfully and beautifully 
diversified; we were not told why some mom1tains are rounded 
and ;others precipitous ; why some valleys are wide and open, 
others narrow and rocky; why rivers so often pierce through moun
tain-chains; why mountain lakes ate often so enormously deep; 
whence came the gravel, and drift, and erratic blocks, so strangely 
spread over wide areas while totally absent from other areas 
equally extensive. So long as these questions were almost 
ignored, geology could hardly claim to be a complete science, 
because, while professing to explain how the crust of the earth 
came to be what i t is, it gave no intelligible account of the varied 

· phenomena presented by its surface. But of late years these 
surface-phenomena have been assiduonsly studied; the mar
vellous effects of denudation and glacial action in giving the 
final touches to the actual contonr of the earth's surface, and 
their relation to climatic changes and the antiquity of man, have 
been clearly traced, thus investi:lg geology with a new and 
popular interest, and at the same time elucidating many of the 
phenomena presented in the older formations. 

Now, jnst as a surface-geology was required to complete that 
sciehce, so a surface-biology was wanted to make the science of 
living things more complete and more generally interesting, by 
applying the results arrived at by special workers, to the inter
pretation of those external and prominent features whose endless 
variety and beauty constitute the charm which attracts us to the 
contemplation or to tbe study of nature. We have the descrip
tive zoologist, for example, who gives us the external characters 
of animals ; the anatomist studies their internal struc:ure · 
the histologist makes . known the nature of their component 
tissues ; the embryologist patiently watches the progress of their 
development; the systematist groups them into classes and orders, 
families, genera, and species ; while the field-naturalist st11dies 
for us their food and habits and general economy. But till quite 
recently, none of these earnest students, nor all of them combined, 
could answer satisfactorily, or even attempted to answer, many 
of the simplest qnestions concerning the external characters and 
general relations of animals and plants. Why are flowe~s so 
wonderfully varied in form and colour? what causes the Arctic 
fox and the ptarmigan to turn white in winter? why are there 
no eleph~nts in _America and no deer in Australia? why are 
closely allied spectes rarely found together? why are male animals 
so frequently bright coloured? why are extinct animals so often 
larger than those which are now living? what has led to the 
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production of the gorgeous train of the pe~c?clc and of th~ two 
kinds of flower in the primrose? The sol1.;t10n of these a,11d a 
hundred other problems of Jike n'.'-tu~·e,-was rarely approacped 
bv the old method of study, or if approached \Vas only tpe 
slibject of vague speculation. It is to_ the illustrious aut_hor of 
the " Origin of Species" that we are mdebted, for teaclm1g us 
how to study nature as one great, compact, and beautilully 
ad justed system. Under the touch of his magic wand the count
less isolated facts of internal and e"ternal structure of living 
things-their h~bits, th:ir ~?lour$, their d~vefopn:ent, their 
distribution, their geological jnstory,--all fell mto then- approxi
mate places ; and although from the intricacy of the subject and 
our very imperfect ]mow le'dge of the facts themselves, much still re
mains uncertain; yet we can no longer doubt that even the minutest 
and most superficial peculiarities of animals and plants either, 
on the one hand, :ue or have been useful to them, or, on the 
other hand, have been deve)?ped under the influence of general 
laws, which we may one day uuderstand to a much greater extent 
than we do at present. So great is the alteration effected in our 
comprehensiol1 of natnre by the stuqy of variation, inheritance, 
cross- breeding, competition, qistribution,_ protection, and se!ec
tion-show1ug, as they often qo, t~e meanmg of the most obscure 
phenomena, and the mu\nal depe!Jdence of the most widely
separated organisms, that 1t can only be fitly compared with the 
analogous alti!ration produced in our conception of the universe 
by N ewion's grand discovery of the law of gravitation. 

I know it will be said (and is said), that Darwin is too highly 
rated ; that some of his theories are wholly and others partially 
erroneous, and that he often builds a vast superstructure on a 
very uncertain basis of doubtfully' ir:terpreted facts. Now, even 
admitting this criticism to be viell founded-and I myself believe 
that to a limited extent it is so-I nevertheless maintain that 
Darwin is not and cannot be too highly rated. For his greatness 
does not at all depend upon his being infallible, but on his 
having developed, with rare patience and judgment, a new system 
of observation and study, guided by certain general principles 
which are aln'iost as simple as gravitation, and as wide-reaching 
in their effects. And if other principles should hereafter be dis
covered, or if it be proved that some of his subsidiary theories 
are wholly or partially errontous, this very discovery can only 
be made by following in Darwin's steps, by adopting the 
method of research which he has taught us, and by largely using 
the rich stores of material which he has collected. The '' Origin 
of Species," and the grand series of works which have succeeded 
it, have revolutionised the study of biology. They have given 
us new ideas and fertile principles. They have infnsed life and 
vigour into our science, and Juve opened up hitherto unthought 
of lines of research on which hundreds of eager students are now 
labouring. \Vhatever modifications some of his theories may 
require, 'Darwin must none the less be looked up to as the 
founder of philosophical biology. 

As a small contribution to this great subject, I propose now 
to call your attention to some curious relations of organisms to 
their environment, which seem to me worthy of more systematic 
study than has hitherto been given them. The points I shall 
more especially deal with are-the influence of locality, or of 
some unknown local causes, in determining the colours of insects 
and, to a less extent, of birds ; and the way in which certain 
peculiarities in the distribution of plants may have been brought 
about by their qependence on insects. The latter part of my 
address will deal with the present state 0£ our knowledge as to 
the antiquity and early history of mankind. 

On some Relations of Living Things to their Environment. 
Of all the external characters of animals, the most beautifnl, 

the most varied, and the most generally-attractive, are the bril
liant colours and strange yet often elegant markings with which 
so many of them are adorned. Yet, of all characters, this is 
the most difficult to bring under the la.ws of ntility or of physical 
connection. Mr. Darwin-as you are well aware-has shown 
how wide'is the influence of 'sex on the intensity of colouration; 
and he has been led to the conclusion that active or voluntary 
sexual selection is one of the chief causes, if not the chief cause, 
of all the variety and beauty of cofour we see among the higher 
animals. This is one of the points on which there is much diver
gence of opinion even among the supporters of Mr. Darwin, and 
01;e as (? which I myself diffet' from· him. I have argued, and 
still beheve, that the need of protection is a far more efficient 
cause of vai:iation 'of colour than is generally suspected; but 
there are ev1derttly other causes at work ahd one of these seems 
to be an influence depending strictly o~ 1oca1ity, whose nature 

we cannot yet understand, but whose effects are everywhere to be 
seen \v\1en c'arefully searched for. 

A\though the careful experiments of Sir John Lubbock have 
shown that insects can distinguish colours-as might have been 
inferred from t[1e brilliant colours of the flowers which are such 
an attraction to them-yet we can hardly believe that their appre
ciation and love of distinctive colours is so refined as to guide 
and regulate their most powerful instinct-that of reproduction. 
\Ve are therefore led to seek some other cause for the varied 
colours t)rnt prevail among insects; and as this variety is most con
spicuous among butterflies,-a group perhaps better known than 
any other-it offers the best means of studying the subject. The 
variety of colour and marking among these insects is something 
marve)Jous. There are probably about ten thousand different 
kinds of butterflies now known, and about half of these are so 
cjis'tinct in colour and marking that t~ey can be readily distin
guished by this means alone. A\most every conceivable tint and 
pattern is represe11ted, and the hi.1es are often of such intense 
brilliance and purity as can be equalled by neither birds nor 
flowers. 

Any help to a comprehension of the causes which may have 
concurred in bringing about so much diversity and beauty must 
be of value, and this is my excuse for laying before you the more 
important cases I have met with of. a connection between colour 
anJ locality. 

Our first example is from tropical Africa, where we find two 
unrefated groups- of butterflies belonging to two very distinct 
families (Nymphalid~ and Papilionid~) characterised by a pre 
vailing blue green colour not found in any other continent. 1 

Again, we have a group of African Pieridre which are white or 
pale yello ;v with a marginai row of bead-like black spots, and in 
the same country one of the Lycrenid~ (Liptena erastus) is 
coloured so exactly like these that it was at first described as a 
species of Pier is. None of these four groups are known to be 
in any way specially protected so that the resemblance cannot 
be clue to protective mimicry. 

In South America we have far more striking cases. For in 
the three S1lb-i'amilies-Danain~, Acr~nire, and Heliconiin~
all of which are specially protected, we find identical tints and 
patterns reproduced, often in· the greatest detail, each peculiar 
type of coloration being characteristic of distinct geographical 
suhdividons of the continent. Nine very distinct genera are im
plicated in these parallel changes-Lycorea, Ceratinia, 11:fecha
nitis, 1tiioniia, Melin,rn, Tithorea, Acrcea, He!iconius, anJ 
Eueidt's-groups of three or four (or even of five) of them ap
pearing together in the same livery in 011e district, while in an 
adjoining district most .or all of them undergo a simultaneous 
change of coloration or of marking. Thus in the genera Jtlwmia, 
llfecl1a11itis, and £-1e!iconius, we have species with yellow apical 
spots in Guiana, all represented by aliied species with white, 
apical spots in South Brazil. In lifffhanitis, iVJe!inma, and 
Heliconius, and sometimes in Tithorea, the species of the 
Southern Andes {Bolivia and Peru) are characterised by an 
orange and black livery, while those of the Northern Andes 
(New Grenada) are almost always orange-yellow and black. Other 
changes of a like nature, which it would be tedious to enumerate, 
but which are very striking when specimens are examined, 
occur in species of the same groups inhabiting these same 
localities, as well as Central America and the Antilles. The 
resemblance thus produced between widely different insects is 
sometimes general, but often so close' and minute that only a 
critical exarnination of structure can detect the difference between 
them. Yet this can hardly be true mimicry, became all are alike 
protected by the nauseous secretion which renders them unpalat
able to birds. 

In another series of genera ( Catagramma, Callithea, and 
Ag-rias), all belonging to the Nymphalidre, we have the most 
vivid blue ground, with broad bands of orange-crimson or a 
different tint of blue or purple, exactly reproduced in correspond
ing, yet unrelated species, occurring in the same locality ; yet, as 
none of these grot1ps are protected, this can hardly be true 
mimicry. A few species of two other genera in the same country 
(Eumca and Siderone) also reproduce the same colours, but with 
only _a general_ resemblance in the marking. Yet again, in 
!rop1ca! America we have species of Apatum which, sometimes 
m both sexes, sometimes in the female only, exactly imitate the 
peculiar markings of another genus (Helerochroa) confined to 
Am_eri~a. Here, again, neither genus is protected, and the 
snnilanty must be dne to unknown local causes. 

I Romaleqsoma and Euryplr.ene (Nymphalida::), Pajilio zalmoxis, and 
several species of the Nirms group (Papilionid;:e), 
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But it is among islands that we f.ncl some of the most striking 
examples of the influence of locality on colour, generally in the 
direction of paler, but sometimes of darker and more brilliant 
hues, and often accompanied by an un usual increase of size. 
Thus, ln the Moluccas and New Guinea we have several Papilios 
(P. euchenor, P. ormemts, and P. tydeus), dist inguished from thei r 
all i ·s by a much paler colour, especially in the females, which 
a re almost white. Many species of Dauais (forming the sub
genus Ideopsis) are also very pale. llnt the most curious are the 
Eupl~as,. which, in the larger islands, are usually of rich dark 
colours, while in the small islands of Banda, Ke, and Matabe!Jo 
at least three species not nearly related to each other (E. hoppfiri, 
E . euripon, and E. assimilata) are all broadly banded or suffused 
with white, their allies in the larger islands being all very much 
darker. Again, in the genus Diadema, belonging to a distinct 
family, three species from the small Aru and Ke islands (D. deois, 
D. hewitsonii, and D . polymena) are all more conspicuously 
white-marked than their representatives in the larger islands. 
In the beautiful genus Cethosia, a species from the small island 
of Waigiou (C. cyrene), is the whitest of the genus. Prothoe is 
represented by a blue species in the continental island of Java, 
while those inhabiting the ancient insular grou ps of the Moluccas 
and New Guinea are all pale yellow or white. The genus 
Drusilla, almost confined to these islands, comprises many 
species which are all very pale ; while in the small island of 
\Vaigioa is found a very distinct genus, Hyautis, which, though 
differing completely in the neurntion of the wings, has exactly 
the same pale colours and large ocellated spots as Drusilla. 
Eqnally remarkable is the fact that the small island of Amboina 
prod llces larger-sized butterflies than any of the larger islands 
which surround it. This is the case with at leas t a dozen butte-r
fli es belonging to many distinct genera, 1 so that it is impossible 
to attri bute it to other than some local influence. In Celebes, 
as I have elsewhere pointed out, 2 we have a peculiar form of 
wing and much larger size running through a whole series of 
d i~tinct butterflies, and th is seems to take the place of any 
specially in colour. 

From the Fiji Islands we have comparatively few butterflies, 
hut there are several species of D1adema of unusually pale 
colours, some almost white. 

The Philippine I slands seem to have the peculiarity of deve
loping metallic colours. We find there at least three species of 
Eu.phea 3• not closely related , and all of more intense metallic 
lustre than their allies in other is1ands. H ere also we have one 
of the large yellow Ornithopterre ( 0 . magel!anus), whose hind 
wings glow with an intense opaline lustre not found in any other 
species of the entire group ; and an Adolias • is larger and of 
more brilliant metallic colouring than any other species in the 
Archipelago. I n these islands also we find the extensive and 
wonderful genus of weevils, Paclzyrhynchus, which in their bril
liant metall ic colouring su, pass anything found in the whole 
eastern hemisphere, if not in the whole world. 

In the Andaman Islands, in the Bay of Bengal, there are a 
considerable number of peculiar species of butterflies differing 
slightly from those on the continen t, and generally in the direc
t ion of paler or more conspicuous colouring. Thus, two species 
of Papilio, which on the continent have the tails black, in their 
Andaman representative3 have them either red- or white-tipped.5 

Another species 6 is richly blue-banded where its allies are black; 
whi le three species of distinct genera of Nymphal id re 7 all differ 
from their allies on the cor.tinent in being of excessi vcly pale 
colours, as well as of somewhat larger size. 

In Madagascar we have the very large and singularly white
spotted Papilio a11tenor, while species of three other genera 8 are 
very white or conspicuous, compared with their continental 
allies. 

Passing to the West Indian I slands and Central America 
( which latter country has formed a group of islands in very 
recent times ), we have similar indications. One of the largest of 
the Papilios inhabits Jamaica, v while another, the largest of its 

1 Or11£thoptera .Priam.us, 0. heleNa1 Papi!io dci'plu,bus, P. 11/}'sses, P. 
gamb-risuis, P. codntS, Jjltias leucijje, Euj!tea fro t/1iie1 H estia ider,., 
A tli;1nw focas te, Dia.dema j rr.ndarus, Nynzjltatis pyrrltus, N . euryalus, 
Drusilla faints. 

:2 "Contributions to the T heory of Natural Selection, '' pp. 168-173. 
3 Euplrea hewitsouii, E . diocletiana, E. lf?!ijica, E. dujJf'snH. 
-4 Adolias callijllo,us. 
.:i Papilio rliodifer (near P. d<Jubleday[) and Papilt"o o~aric!es (near P . 

1/ll!l!!JWn). 

6 Papilio mayo. 
1 Euplma tutdamawmsi'.r, Cetltoda hi/Jlis,rCyrest/s codes. 
B Danais nossima, l/1e!awitis 111assourn, Diadema dcxitlh.:<f, 
9 Prrpilio hollurus. 

group, is found in Mexico. 1 Cuba has two of the same genus 
whose colours are of surpassing brilliancy ; • while the fine genus 
Cloth i!da-confined to the Antilles and Central America-is 
remarkable for its rich and showy colouring. 

Persons who are not acquainted with the important structu ral 
differences that distinguish thes~ various genera of butterflies, 
can hardly realise the importance and the significance of such 
facts as I have now detailed.. It may be well, therefore, to 
illustrate them by supposing parallel cases to occur among the 
rnammalia. \Ve might have, for example, in Africa, the gnus, 
the elands, and the buffaloes all coloured and marked like 
zebras, stripe for stripe over the whole body exactly correspoad
ing. So the hares, marmots, and squirrels of Europe might be 
all red, with black feet, while the corresponding species of 
Central Asia were all yellow, with black heads. In North 
America we might have raccoons, squirrels, and opossums in 
parti-coloured livery of white and black, so as exactly to resemble 
the skunk of the same country; while in South America they 
might be black, with · a yellow throat patch, so as to resemble 
with equal closeness the tayra of the Brazilian forests. \Vere 
such resemblances to occur in anything like the number, an:l 
with the wonderful accuracy of imitation met with among the 
Lepidoptera, they would certainly attract universal attention 
among naturalists, and would lead to the exhaustive study of 
the influence of local causes in producing such starlling results. 

One somewhat similar case does indeed occur a mong the 
Mammalia, two singular African animals, the Aard-wolf (Pre 
te/es) and the Hyaena-dog (Lycaon), both !strikingly reoembling 
hyrenas in their general form as well as ia their opotted mark
ings. Belonging as they all do to the Carnivora, though to 
three distinct families, i t seems quite an an,logous case. to those 
we have imagined ; but as the Aard-wolf and the hy~na,dog 
are both weak animals compared with the hy~na, the resem
blance may be useful, and in that case would come under the 
head of mimicry. This seems the more probable because, as 
a rule, the colours of the Mammalia are protective, and a.re 
too li ttle varied to allow of the influence of local causes pro
ducing any \Yell-marked effects. 

When we come to birds, however, the case is different ; for 
although they do not exhibit such distinct marks of the influence 
of locality as do butterflies-probably b ecause the causes which 
determine colour are in their case more complex-yet there are 
distinct indications of some effect of the kind, and we must 
devote some little time to their consideration. 

One of the most curious cases is that of the parrots of the 
vVest Indian I slands and Central America, several of which h ave 
white heads or foreheads, occurring in two distinct genera, 3 while 
none of the more numerous parrots of South America are so 
coloured. In the small island of D ominica we have a very large 
and richly-coloured parrot ( Chrysotis attgusta) corresponding to 
the large and richly-coloured Papilio homerw of J amaica. 

The Andaman Islands are equally remarkable, at least six: of 
the peculiar birds differing from their continental allies in being 
much lighter, and sometimes with a large quantity of pure white 
in the plumage, 4 exactly corresponding to what occurs among 
the butterflies. 

In the Philippines this is not so marked a featLire,-yet we 
have here the only known white-breasted Kingcrow (Dicmrus 
mirnbilis),- the newly discovered Eury!a:mus Steerz"i, wholly 
white beneath,-three species of Diceum, all white beneath,
several species of Parus, largely white-spotted,-while many of 
the pigeons have light ashy tints. The birds generally, however, 
have rich dark colours, similar to those which prevail among the 
butterflies. 

In Cele bes we have a swallow-shrike and a peculiar small 
crow allied to the jackdaw, 5 whiter than any of their allies in 
the surrounding islands, but otherwise the colours of the birds 
call for no special remark. . . _ . 

In Timor and Flores we have white-headed p1geons,6~and a 
long-tailed flycatcher almost entirely white.7 • 

In the small Lord H owe's Island we have the recently extmct 
white rail (Notornis alba), remarkably contrasting with its allies 
in the larger islands of New Zealand. . 

We cannot, however, lay an)'. stress on 1Solated examl_lles of 
white colour, since these occur 111 most of the_ great contments, 

1 P. dauntts. 2 P. g1mdlacliiamts, P. villiersi. 
3 Piouus albifrons and Clwysotis senilis (C. America), Clz.1J1sotis sa!!cei 

(Hl)~~ftariucla albiventris, Gcocicltltt albi'gularis, St1trnia mulamane,isis, 
flyloterpe grisola, var., Jant!UE1ur.s ,'Jabtmboides, Osmolrcron c/..!orojJtera . 

5 A 1·tamus 111011ac/1us1 Con.ms advcmi. 
6 Pti!ojms due/us, P. albocinctus. 7 Tcliitn:a nffinh, .: ·ar. 
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but where we find a series of species of _distinct genera, all ?iffer
ing from their continental allies in a whiter colouration, as m the 
Andaman Islands and the \Vest Indies; and among butterflies, 
in the smaller 1\foluccas, the Andamans, and Madagascar, we 
cannot avoid the conclusion that in these insular localities some 
general cause is at vmrk. 

There are other cases, however, in which local influences seem 
to favour the production or preservation of intense crimson or a 
very dark colouration. Thus in the Moluccas and New Guinea 
alone we have bright red parrots belonging to two distinct 
families,' and which, therefore, most probably have been inde
pendently produced or preserved by some common cause, Here 
too and in Australia we have black parrots and pigeons ;2 and it 
is a most cmious and suggestive fact that in another insular sub
region-that of Madagascar and the Mascarene Islands-these 
same colours reappear in the same two groups." 

Some very curious physiological facts bearing upon the pre• 
senc1; or absence of white colours in the higher animals have 
lately been adduced by Dr. Ogle. 4 It has been found that a 
coloured or dark pigment in the oifactory region of the nostrils 
is essential to perfect smell, and this pigment is rarely deficient 
except when the whole animal is pure white. In these cases 
the creature is almost without smeil or taste. This, Dr. Ogle 
believes, explains the curious case of the pigs in Virginia 
adduced by Mr. Darwin, white pigs being poisoned by a poison· 
ous root which does not affect black pigs. Mr. Darwin imputed 
this to a constitutional difference accompanying the dark colour, 
which rendered what was poisonous to the white-coloured 
animals quite innocuous to the black. Dr. Ogle however 
observes, that there is no proof that the black pigs eat the roDt, 
and he believes the 1nore probable explanation to be that it is 
distastefol to them, \Yhile tbe white pigs, being deficient in smell 
and taste, eat it and are killed. Analogous facts occur in 
several distinct families. White sheep are killed in the Tarentino 
by es.ting Hypericum c,·iscwn, while black sheep escape ; white 
rhinoceroses ,,re said to perish from eating Euphorbia candd
abrum ; and white horses are said to suffer from poiwnous food 
where coloured ones escape. Now it is very improbable that a 
constitutional immunity from poisoning by so many distinct 
pbnts should in the case of such widely different animals be 
always correlated with the same difference of colour; but the 
facts are readily understood if the senses of smell and taste are 
dependent on the presence of a pigment which is deficient in 
wholly white animals. The explanation has, however, been 
carried a step furtb er, by experiments showing that the absorption 
of odours by dead matter, such as clothing, is greatly affected 
by colour, biack being the most powerful absorbent, then blue, 
red, yellow, and lastly white. ·we have here a physical cause 
for the sense-inferiority oi totaliy white animals which may 
account for their rarity in nature. For few, if any, wild animals 
are wholly white. The head, the face, or at least the muzzle or 
the nose, are generally black. The ears and eyes are also often 
black; and there is reason to believe that dark pigment is 
essential to good hearing, as it certainly is to perfect vision. 
We can therefore understand why white cats with blue eyes are 
so often deaf-a peculiarity we notice more readily than their 
deficiency of smell or taste. 

It tben the prevalence of white colouration is generally 
accompanied with some deficiency in the acuteness of the most 
important sense.,, this colour becomes doubly dangerous, for it 
not only renders its possessor more conspicuous to its enemies, 
but at the same time makes it less ready in detecting the presence 
of danger. Hence, perhaps, the reason why white appears 
more frequently in islands where competilion''"is less severe and 
enemies less numerous and varied. Hence, als.o, a reason why 
a!bi1toism, although freely occurring in captivity never maintains 
itself in a wild state, while melanism does. The peculiarity of 
some islands in having all their inhabitants of dusky colours
as the Galapagos-may also perhaps be explained on the same 
principles, for poisonous fruits or seeds may the,e abour,d which 
weed out all white or light-coloured varieties, owing to their 
deficiency of smell and taste. We can hardly believe, however, 
that this would apply to white-coloured butterflies, and this may 
be a reason \1 hy the effect of an insular habitat is more 
markecl in these insects than in birds or mammals. But 
though inapplicable to the lower animals, this curious relation of 
sense-acuteness with colours may have had some influence on 

Lo:£us, Eos (Trlchoglossid.e), Eclectus (Paleeornithidc:e). 
3 

Mzcroglo~sus, Calyptorliynchus, T1tracama. 
Cora_coj,s:s, A lectrcenas. 

4 !vied1co.ChirurgicR.l Transactions, vol. liii. (r870). 

the development of the higher human races. If light tints of 
the skin were generally accompanied by some deficiency in the 
senses of smell, hearing, and vision, the white could never com. 
pete with the darker races, su long as man was in a very low or 
savage condition, and wholly dependent for existence on the 
acuteness of hi.s senses. But as the mental faculties became 
more fully develoµed and more important to his weFarc than 
mere sense-acuten~ss, the lighter tints of skin, and hair, and 
eyes, would cease to be disadvantggeous whenever they were 
accompanied by superior brain-power. Such variations would 
then be preserved ; and thus may have arisen the Xantho'cliroic 
race of mankind, in which we find a high development of 
intellect accompanied by a slight deficiency i,1 the acuteness of 
the senses as compared with the darker forms. 

I have now to ask your attention to a few remarks on the 
peculiar relations of plants and insects as exhibited in islands. 

Ever since Mr. Darwin showed the immense importance of 
insects in the fertilization of flowers, great attention has been 
paid to the subject, and the relation of these two very different 
classes of -natural objects has bee,1 found to be more universal 
and more complex than could have been anticipated. ·whole 
genera and families of plants have been so modified, as first to 
attract and then to be fertilized by, certain groups of insects, 
and this special adaptation seems in many cases to have deter
mined the more or less wide range of the plants in question. It 
is also known that some species of plants can be fertilized only 
by particular species of insects, and the absence of these from 
any locality would necessarily prevent the continued existence of 
the plant in that area. Here, I believe, will be found the clne 
to n1uch of the peculiarity of the floras of oceanic islands, since 
the methods by which these have been stocked with plants anc\. 
insects will be often quite different. Many seeds are, no 
doubt, carried by oceanic currents, others probably by aqus.tiG 
birds. Mr. H. N. :Moseley informs me that the albatrosses, 
guils, puffins, tropic birds, and many others, nest inland, 
often amidst dense vegetation, and he beiieves they often carry 
seeds, attached to their feathers, from island to island for great 
dL.tances. In the tropics they often nest on the mountains far 
inland, and may thus aid in the distribution even of mountain 
plants. Insects, on the other hand, are mostly conv~yed by 
aerial currents, especially by violent gales; and it may thus 
often happen that totally unrelated plant, and insects may 
be brought together, in which case the former rriust oftrn 
perish for want of suitable insects to fertilise them. This will, 
I think, accounl for the strangely fragmentary nature of these in 
sular floras, and the great difference, that often exist between 
those which are situated in the same ocean, as well as for the 
preponderance of certain orders and genera. In Mr, Pickering's 
valuable work on the Geographical Distribution of Animals and 
Plants, he gives a list of no less than sixty-six natural orders of 
plants zmexpecttd!y absent from Tahiti, or which occur in many 
of the surrounding lands, some being abundant in other islands 
-as the Labiatre at the Sandwich Islands. In these latter 
islands the flora is much richer, yet a large number of famJies 
which abouud in other parts of Polynesia are tot8.lly wanting. 
Now much of the poverty and exceptional distribution of the 
plants of these islands is probably due to the great scarcity of 
flower-frequenting insects. Lepidoptera and Hymenoptera are 
exceedingly scarce in the eastern islands of the Pacific, and it is 
almost certain that many plants which require these insects for 
their fertilization have been thereby preveuted from establishing 
themselves. In the ·western islands, such as the Fijis, severnl 
species of butterflies occur in tolerab:e ab,mdance, and no <loubt 
some flower-haunting Hymenoptera accompany them, and in 
these islands the flora appears to be muct1 more varied, and 
especially to be characterized by a much greater variety uf showy 
flow,.rs, as may be seen by examining the plates of Dr. Seeman's 
"Flora Vitiensis." 

Darwin and Pickering both speak of the great preponderance 
of ferns at Tahiti, and Mr, Moseley, who spent several days in the 
interior of the island, informs me that "at an elevation of from 
2,000 to 3,000 feet the dense vegetation is composed almost 
entirely of ferns. A tree-fern (A!sophila tahitmsi,) forms a sort 
of forest, to the exclusion of almosc every other tree, and, with 
huge plants of two other ierns (A,,?·ioptcris evecta and Aspe!enium 
:'.idus ), forms the mair: ma~s of the vegetatio~" And he add~,, 

I have nowhere seen !ems m so great proportionate abundance. 
! This unusual proportion of ferns is a general feature of insular 

as compared with continental floras ; but it has, I believe, been 
generally attributed to favourable conditions, especially to eqtnble 
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climate and perennial moist4re. In this respect, however, Tahiti 
can hardly differ greatly from many other is\ands, which yet have 
no such vast preponderance of ferns. This is a question that 
c

1
an11ot b~ d_e~ided by mere lists of species, since it is probable 

t.mt Jn Tah1t1 they are less numerous than in some other islands 
wbere they form a far less conspicuous feature in the vegetation. 
The island most comparable with Tahiti in that respect is Juan 
Fernandez. Mr. Moseley writes to me--" In a general view of 
any wide stretch of the densely-clothed mountainous surface of 
the island, the ferns, both tree-ferns and the unstemmed forms, 
are seen at once to com pose a very large proportion of the mass 
of foliage." As to the insects of Juan Fen1andez, Mr. Edwyn 
C. Reed, who made two visits and spent several weeks there, 
has kindly furnished me with some exact information. Of butter
flies there is only one (Pyrameis cane), and. that rare-a Chilian 
species, and probably an accidental straggler. Fotir species of 
moths of moderate size were obBerved-all Chilian, and a few 
larvre and pupre. Of bees there were none, except · one very 
minute species (allied to Chilic,,/a ), and of other Hymenoptera, 
a single specimen of OPhion luteus-a cosmopolitan ichneumon. 
About twenty species of flies were observed, and these formed 
the most prominent feature of the entomology of the island. 

Now, as far as we know, this extreme entomological poverty 
agrees dosdy with that of Tahiti; and there are probably no 
othN porlions of the globe equally favoured in soil and climate 
and with an equally luxuriant vegetation, where insect-life is so 
scantily clevelopcd. lt is curious therefore to find that these two 
islanc1s also agre e in the wonderful predominance of ferns over 
the fl owering plants-in ind ividu~ls even more than in species, 
and the re is no difiiculty in connecting the two facts. The 
e::cess i ·.e minuteness and great abundaPce of fern-spores causes 
th em to be far more easily distributed by winds than the seeds 
of flowering plants, and they are thus always ready to occupy 
any vacrmt places in suitable locaiities, and to compete with the 
less vigorous flowering plants. But where insects are so scarce, 
all plants which require insect fertilisation, whether constantly to 
enable them to produce seed at all, or occasionally to keep up 
their constitutio1ial vigour by crossing, must be at a great dis
advantage; a.nd thus the scanty flora which oceanic islands must 
al ways possess, peopled as they usually are by waifs and strays 
from other lands, is rendered still more scanty by the weeding 
out of all sucl1: as depend largely on insect fertilisation for their 
full development. It seems probable, therefore, that the pre
ponderance of ferns in islands (considered in mass of individuals 
rather than in number of species) is largely due to the absence 
of competing phenogamous plants ; and that this is in great 
part due to the scarcity of insects. In other oceanic islands, 
snch as New Zealand and the Galapagos, where ferns, although 
tol erably abundant, form no such predominant feature in the 
vegeta tion, but where the scarcity of flower-haunting insects is 
almost equally marked, we find a great preponderance of small, 
green, or otherwise inconspicuous flo wers, indicating that only 
such plants have been enabled to flourish there as are independent 
of insect fertilisation. In the Gc,lapagos-which are perhaps 
even more deficient in flying insects than Juan Fernandez-this 
is so striking a feature that Mr. Darwin speaks of the vegetation 
as consisting in great part of "wretched-looking weeds," and 
states that "it was some time before he discovered that almost 
every plant was in flower at the time of his visit." He also says 
that he "did not see one beautiful flower" in the islands. It 
appears, however, that Compositre, Leguminosre, ~ubiacere, and 
Solanacere, form a large proportion of the flowermg plants, and 
as these are orders which usually require insect fertilisation, we 
must suppose either that they have ~e_come modified_ ~o as to be 
self-fertilised, or that they are fertilised by the VISlts of the 
minute Diptera and Hymenoptera, which are the only insects 
1·ecorded from these islands. 

In Juan Fernandez, on the other hand, there is no such total 
deficiency of showy flowers. I am informed by Mr. Moseley 
that a variety of the Magnoliaccous winter's bark abounds, and 
has showy white flowers, and that a Bignoniaceous shrub with 
abundance of dark blue flowers, was also plentiful; while a white
flowered liliaceous plant formed large patches on the hill-sides. 
Besides these there were two species of woody Compositre with 
conspicuous heads of yellow blossoms; and a species of white
flowered myrtle also abundant; so that, on the whole, flowers 
formed a rather conspicuous feature in the aspect of the vegeta
tion of Juan Fernandez. 

But this fact-which at first sight seems entirely at variance 
with the view we ate upholding of the important relation between 
the distribution of insects and plants-is well explained by the 

existence of two species of humming-birds i!J ]l!'fn Fernandez, 
which, in their visits to these large and showy flowers fertilise 
them as effectua]jy as bees, moflis, or butterflies. IvJr. Moseley 
informs me that "tliese humming-birds are extraordinarily 
abu11dant, every tree or bush having one or two darting about 
it." He also observed that "nearly all the specimens killed 
had the feathers round the base of the bill and front of the head 
clogged and coloured yellow with pollen.'' Here, then, we have 
the clue to the perpetuation of large arnl showy flowers in Juan 
Ferne,ndez ; wjtile the total absence of humming-birds in the 
Galapagos may explain why no such large-flowere<j. plants have 
been able to establish themselves in those equatorial islands. 

This lea.ds to the observation that ·many other groups of birds 
also, no doubt, aid in the fertilization of flowers. I have ofte'n 
observed the beaks and faces of the brush-tongued lories oC the 
Moluccas covered with pollen; and Mr. Moseley noted the same 
fact in a species of Artamus, or swallow-shrike, shot at Cape 
York, sjtowing that this genus also frequents flowers and aids in 
their fertilisation. In the Australian region we have the immense 
group of the Meliphagidre, which all frequent flowers, ··and as 
these range over all the islands of the Pac'ific, their p1:esence will 
account for a certain proportion of showy flowers being found 
there, such as the scarlet Metrosideros, one of the few conspicuous 
flowers in Tahiti. In the Sandwich I slands, too, there are forests 
of llfet,·ojideros; and Mr. Charles Pickering writes me, that they 
are visited by honey-sucking birds, one of which is captured · by 
sweetened bird-lime, ·against which it thrusts its eiitensile 
t c,ngue. I am also informed that a considerable number of 
fl owers are occasionally fertilised by humming-birds in North 
America; so that there can, I think, be little doubt that birds 
play a much more important part in this respect than has hitherto 
been imagined. It is not improbable that in Ti-oplcal America, 
where this family is so enormously deveiopecl, many flowers will 
be found to be expressly adapted to fertilisation by them, just as 
so many in our own country are specially adapted to the visits of 
certain families or genera of insects. · 

It must also be remembered, as Mr. Moseley has suggested to me, 
that a flower which had acquired a brilliant colour to attract insects 
might, on transference to another country, and becoming so modi
fied as to be capable of self-fertilisation, retain the coloured petals 
for an indefinite period. Such is probably the explanation of the 
Pda,gonium of Kerguelen's land, which forms masses of bright 
colour near the shore during the flowering season; while most of 
the other plants of the island have colourless flowers in accord
ance with the almost total absence of winged insects. The 
presence of many large and showy flowers among the indii;:enous 
flora of St. Helena must be an example of a similar persistence. 
Mr. Melliss indee<l states it to be "a remarkable peculiarity that 
the indigenous flowers are, with very slight exceptions, all per
fectly colourless ; " 1 but although this may apply to the general 
aspect of the ,·emains of the indigenous flora, it is evidently not 
the case as regards the species, since the interesting plates of 
Mr. Melliss's volume show that about one-third of the indigenous 
flowering vlants have more or less coloured or conspicuous 
flowers, while several of them are exceedingly showy and 
beautiful. Among these are a Lobelia, three Wahlenbergias, 
several Compositce, and especially the handsome red flowers of 
the now almost extinct forest-trees, the ebony and red wood 
(species of Mdhania, Byttneriacere). We have every reasori to 
believe, however, that when St. Helena was covered with 
luxuriant forests, and especially at that remote period when it 
was much more exte1isive than it is now, it must have supported 
a certain numher of indigenous birds and insects, which would 
have aided in the fertilisation of these gaily-coloui-ed flowers. 
The researches cif Dr. Hermann MUiler have shown us hy what 
minute· modifications of structure or of function many flowers are 
adapted for partial insect- and self-fertilisation in varying degrees, 
so that we have no difficulty in understanding llow, as the insects 
diminished and finally disappeared, self-fertilisation may have 
become the rule, while the large and showy corollas remain to 
tell us plainly of a once different st.ate of things. · · · 

Another interesting fact in connection with this subject is the 
presence of arborescent forms of Compositre in so many.of the 
remotest oceanic islands. They occur in the Galapagos, in 
Juan Fernandez, in St. Helena, in the Sandwich Islands, and 
in New Zealand; but they are not directly related to each other 
representatives of totally different tribes of this extensive 6rde~ 
becoming arborescent in each group of islands. The immense 
range and almost universal distribution of the Comp.ositre is due 
to the combination of a great facility of distribution (by their seeds), 

I Melliss's St. Helena, p. 226, note. 
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with a great attractiveness to insects, and the capacity o_f being 
fertilised by a variety of species of all orders, and especially_ by 
flies and small beetles. Thus they would be among the earltest 
of flowering plants to est~blish themselves on o~eanic islands ; 
but where insects of all kinds were very scarce 1t would be an 
,id vantage to gain increased size and longevity, so that fertilization 
at an interval of several years might suffice for the continuance 
of the species. The arborescent torm wou\d ~ombine with 
increased longevity the advantage of rncrea.sed size m the struggle 
for existence with the ferns and other early colonists, and these 
advantages have to its bein~ independe:itly produce~ in s_o 
many distant locaht1es, whose chief feature m common 1s the!r 
remoteness from continents and the extreme poverty of their 
insect life. 

As the sweet odours of flowers are known to act in combination 
with their colours, as an attraction to insects, it might be antici
pated that where colony was deficient scent '."ould b~ so also. 
On applying to my fnend Dr. Hooker for mformat10n as to 
New Zealand plants, he informed me that this was certainly the 
case and that the New Zeahnd flora is, speaking generally, as 
strikingly deficient in sweet odours as in conspicuous colours. 
Whether this peculiarity occurs in other islands I have not been 
able to obtain information, but we may certainly expect it to be 
so in such a marked instance as that of the Galapagos flora. 

Another question which here comes before us is the origin a_nd 
meaning of the odoriferous glands of leaves. Dr. Hooker m
formed me that not only are New Zealand plants deficient in 
scented flowers, bnt equally so in scented l~aves. This led 
me to think that perhaps suc.h leaves were m some wry an 
additional attraction to insects, though it is not easy to under
stand how this could be, except by adding a general attraction 
to the special attraction of_ th7 flow~rs, o: by supporting t~e larvre 
which as perfect insects aid. m fert1hsat1011. Mr. Darwm, ho:v· 
ever informs me that he considers that leaf-glands beanng essential 
oils 'are a protection against the attacks of insects where these 
abound and would thus not be required in countries where 
insects ~ere very scarce. But it seems opposed to this view that 
highly aromatic plants are characteristic of deserts all over the 
world. and in such piaces insects are not abundant. Mr. S tainton 
infor~s me that the aromatic Labiatre enjoy no immunity from 
insect attacks. The bitter leaves of the cherry-laurel are often 
eaten by the larvre of moths that abound o:i our fruit-tre~s; while 
in the Tropics the leaves of the orange tnbe are favourites with 
a large number of lepidopterous larvae ; and our northern firs and 
pines, although abounding in a highly_ aromatic ~esin, are very 
subject to the attacks of beetles. My fnend Dr. Richard Spruce 
-who while travelling in South America allowed nothing con
nected with plant-life to escape his observation-informs me 
that trees whose leaves have aromatic and often resinous secre
tions in immersed glands abound in the plains of tropical 
America, and that such are in great part, if not wholly, f:ee 
from the attacks of leaf-eating ants, except where the secret1011 
is only slightly bitter, as in the ora~ge tribe, :1range_-trees ~eing 
sometimes entirely denuded of their leaves 111 a smgle rnght. 
Aromatic plants abound in the Andes up to about 13,000 feet, 
as well as in the plains, but hardly more so than in Central and 
Southern Europe. They are perhaps most plentiful in the dry 
mountainous parts of Southern Europe; and as neither here nor 
in the Andes do leaf-eating ants exist, Dr. Spruce infers that, 
although in the hot American forests where such ants swarm 
the oil-bearing glands serve as a protection, yet they were not 
originally acquired for that purpose. Near the limits of per
petual snow on the Andes such plants as occur are not, so far 
as Dr. Spruce has observed, ar_omatic _: _and as p_lants. i_n s_uch 
situations can hardly depend on msect visits for their fert1l1sat10n, 
the fact is comparable with that of the flora of New Zealand, and 
would seem to imply some relation between the two phenomena, 
though what it exactly is cannot yet be determined. 

I trust I have now been able to show you that there are 
a number of curious problems lying as it were on the outskirts 
of biological inquiry which well merit attention, and which may 
lead to valuable results. But these problems are, as you see, for 
the most part connected with questions of locality, and require 
full and accurate knowledge of the productions of a number of 
small islands and other limited areas, and the means of com
paring them the one with the other. To make such comparisons 
is,_ however, now quite impossible. No museum contains any 
fair repre_sentation of the productions of these localities, and 
such Sl_'ec1mens as do exist, being scattered through the general 
collect10n, are almost uselecS for this special purpose. If, then, 
we are to make any progress in this inquiry, it is absolutely 

essential that some collectors should begin to arrange their 
cabinets primarily on a geographical basis, keeping together the 
productions of every island or group of islands, and of such 
divisions of each continent as are found to possess any special or 
characteristic fauna or flora. We shall then be sure to detect 
many unsuspected relations between the animals and plants of 
certain localities, and we shall become much better acq t1ainted 
with those complex reactions between the vegetable and animal 
kingdoms, and between the organic world and the inorganic, 
which have almost certainly played an important part in deter
mining many of the most conspicuous features of living things. 

Rise and Progress of Modern Views as to the Antiquity and 
Origin ef Man. 

I now come to a branch of our subject which I would gladly 
have avoided touching on; but as the higher powers of this Asso
ciation have decreed that I should preside over the Anthropological 
Department, it seems proper that I should devote some portion 
of my address to matters more immediately connected with the 
special study to which that Department is devoted. 

As my own knowledge of, and interest in, Anthropology, is 
confined to the great outlines, rather than to the special details 
of the science, I propose to give a very brief and general sketch 
of the modern. doctrine as to the Antiquity and Origin of Man, 
and to suggest certain points of difficulty which have not, I think, 
yet received sufficient attention. 

Many now present remember the time (for it is little more 
than twenty years ago) when the antiquity of man, as now 
understood, was universally discredited. Not only theologians, 
but even geologists, then taught us that man belonged altogether 
to the existing state of things; that the extinct animals of the 
Tertiary period had finally disappeared, and that the earth's 
surface had assumed its present condition, before the human race 
first came into existence. So prepossessed were even scientific 
men with this idea-which yet rested on purely negative evidence, 
and could not be supported by any arguments of scientific value 
-that numerous facts which had been presented at intervals for 
half a century, all tending to prove the existence of man at very 
remote epochs, were silently ignored; and, more than this, the 
detailed statements of three distinct and careful observers were 
rejected by a gretlt scientific Society as too improbable for pub
lication, only because they proved (if they were true) the co
existence of man with extinct animals ! 1 

But this state of belief in opposition to facts could not long 
continue. In I 8 59 a few of our most eminent geologists 
examined for themselves into the alleged · occurrence of flint 
implements in the gravels of the North of France, which had 
been made public fourteen years before, and found them strictly 
correct. The caverns of Devonshire were about the same time 
carefully examined by equally eminent observers, and were found 
fully to bear out the statements of those who had published their 
results eighteen years before. Flint implements began to be 
found in all suitable localities in the South of England, when 
carefuHy searched for, often in gravels of equal antiquity with 
those of France. Caverns, giving evidence of human occupation 
at various remote periods, were explored in Belgium and the 
South of France,--lake dwellings were examined in Switzerland 
-refuse heaps in Denmark-and thus a whole series of remains 
have been discovered carrying back the history of mankind frora 
the earliest historic periods to a long distant past. The antiquity 
of the races thus discovered can only be general! y determined 
by the successively earlier and earlier stages through which 
we can trace them. As we go back, metals soon disappear 
and we find only tools and weapons of stone and of bone. 
The stone weapons get ruder and ruder; pottery, and then 
the bone implements, cease to occur; and in the earliest 
stage we find only chipped flints, of rude design though 
still of unmistakably human workmanship. In like manner 
domestic animals disappear as we go backward; and though 
the dog seems to have been the earliest, it is doubtful whether 
the makers of the ruder flint implements of the gravels 
possessed even this. Still more important as a measure of 
time are the changes of the earth's surface-of the distribution 
of animals-and of climate-which have occurred during the 
human period. At a comparatively recent epoch in the record 
of prehistoric times we find that the Baltic was far salter than it 
is Ii.ow, and produced abundance of oysters ; and that Denmark 

I In 1854 (?) a communication from the Torquay Natural. History Society 
confirming previous accounts by Th'Ir. Godwin-Austen, Mr. Vivian, and the 
Rev. J\1r. J\1cEnery, that worked flints occurred in Kent's Hole with remains 
of extinct species, was rejected as too improbable for publication, 
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was covered with pine forests inhabited by Capercailzies, such as 
now only occur further north in Norway. A little earlier we 
find that reindeer were common even in the South of France 
and still earlier this animal was accompanied Ly the mammoth 
and v.:oolly rhino~eros, by the arctic glutton, and by huge bears 
and hons of extmct species. The presence of such animals 
implies a change of climate, and both in the caves and gravels 
we find proofs of a much colder climate than now prevails in 
Wes tern Europe. Still more remarkable are the changes of the 
earth's surface which have been effected during man's occupa
tion of it. Many extensive valleys in England and France are 
believed by the best observers to have been deepened at least a 
hundred feet ;-caverns now far out of the reach of any stream 
must for a Jong succession of years have had streams flowing 
through them, at least in times of floods-and this often implies 
that vast masses of solid rock have since been worn away. In 
Sardinia land has risen at least 300 feet since men lived there 
who made pottery and probably m;ed fishing-nets ; 1 while in 
Kent's Cavern remains of man are found buried beneath two 
separate beds of stalagmite, each having a distinct texture, and 
each covering a deposit of cave-earth having well-marked 
differential characters, while each contains a distinct assemblage 
of extinct animals. 

Such, briefly, are the results of the evidence that has been 
rapidly accumulating for about fifteen years as to the antiquity of 
man ; and it has been confirmed by so many discoveries of a like 
nature in all parts of the globe, and especially by the comparison 
of the tools and weapons of prehistoric man with those of modern· 
savages, so that the use of even the rudest flint implements has 
become quite intelligible,-that we can hardly wonder at the vast 
revolution effected in public opinion. Not only is the belief in 
man's vast and still unknown antiquity universal among men of 
science, but it is hardly disputed by any well-informed theologian; 
and the present generation of science-students must, we should 
think, be somewhat puzzled to understand, what there was in the 
earliest discoveries that should have aroused such general oppo• 
sition and been met with such universal incredulity. 

But the question of the mere " Antiquity of Man " almost 
sank into insignificance at a very early period of the inquiry, in 
comparison with the far more momentous and more exciting 
problem of the development of man from some lower animal 
form, which the theories of Mr. Darwin and of Mr. Herbert 
Spencer soon showed to be inseparably bound up with it. This 
has been, and to some extent still is, the subject of fierce con
flict ; but the controversy as to the fact of such development is 
now almost at an end, since one of the most talented represen
tatives of Catholic theology, and an anatomist of high standing 
-Professor Mivart-fully adopts it as regards physical structure, 
reserving his opposition for those parts of the theory, which 
would deduce man's whole intellectual and moral nature from 
the same source, and by a similar mode of development. 

Never, perhaps, in the whole history of science or philosophy 
has so great a revolution in thought and opinion been effected 
as in the twelve years from 1859 to 1871, the respective dates of 
publication of Mr. Darwin's "Origin of Species" and "Descent 
of Man." Up to the commencement of this period the belief in 
the independent creation or origin of the species of animals and 
plants, and the very recent appearance of man upon the earth, 
were, practically, universal. Long before the end of it these two 
beliefs had utterly disappeared, not only in the scientific world, 
but almost equally so among the literary and educated classes 
generally. The belief in the independent origin of man held 
its ground somewhat longer, but the publication of Mr. Darwin's 
great work gave even that its death-blow, for hardly anyone 
capable of judging of the evidence now doubts the derivative 
nature of man's bodily structure as a whole, although many believe 
that his mind and even some of his physical characteristics may 
be due to the action of other forces than have acted in the case 
of the lower animals. 

We need hardly be surprised, under these circumstances, if 
there has been a tendency among men of science to pass from 
one extreme to the other, from a profession (so few years ago) of 
total ignorance as to the mode of origin of all living things, to a 
claim to almost complete knowledge, of the whole progress of 
the universe, from the first speck of living protoplasm up to the 
highest development of the human intellect. Yet this is really 
what we have seen in the last sixteen years. Formerly difficulties 
were exaggerated, and it was asserted that we had not sufficient 
knowledge to venture on any generalizations on the subject. 
Now difficulties are set aside, and it is held that our theories are 

• Lyell's Antiquity of Man, fourth edition, p. u~. 

so well established and so far-reaching, that they explain and 
comprehend all nature. It is not long ago (as I have already 
reminded you) since.facts were contemptuously ignored, because 
they favoured our now popular views ; at the present day it 
seems to me that facts which oppose them hardly receive due 
consideration. And as opposition is the best incentive to pro
gress, and it is not well even for the best theories to hc.ve it all 
their own way, I propose to direct your attention to a few such 
facts, and to the conclusions that seem fairly deducible from 

. 

It is a curious circumstance, that notwithstanding the attention 
that has been directed to the subject in every part of the world, 
and the numerous excavations connected with railways and 
mines which have offered such facilities for geological discovery, 
no advance whatever has been made for a considerable number 
of years, in detecting the time or the mode of man's origin. 
The Palreolithic flint weapons first discovered in the North of 
France more than thirl y years ago, are still the oldest undisputed 
proofs of man's existence ; and amid the countless relics of a 
former world that have been brought to light, no evidence of any 
one of the links that must have connected man with the lower 
animals has yet appeared. 

It is, indeed, well known that negative evidence in geology is 
of very slender value, and this is, no doubt, generally the case. 
The circumstances here are, however, peculiar, for many converg
ing lines of evidence show that on the theory of development by 
the same laws which have determined the development of the 
lower animals, man must be immensely older than any traces of 
him yet discovered. As this is a point of great interest we must 
devote a few moments to its consideration. 

r. The most important difference between mar, and such of the 
lower animals as most nearly approach him, is undoubtedly in 
the bulk and development of his brain, as indicated by the form 
and capacity of the cranium. We should therefore anticipate 
that these earliest races, who were contemporary with the extinct 
animals and used rude stone weapons, would show a marked 
deficiency in this respect. Yet the oldest known t:rania-those 
of the Engis and Cro-Magnon caves- show no marks of degra
dation. The former does not present so low a type as that ot 
most existing savages, but is-to use the words of Prof. Huxley 
-" a fair average human skull, which might have belonged to 
11. philosopher, or might have contained the thoughtless brains of 
a savage," The latter are still more remarkable, being unusually 
large and well formed. Dr. Pruner-Bey states that they surpass 
the average of modern European skulls :_in capacity, while their 
symmetrical forms, without any trace of prognathism, compares 
favourably not only with the foremost savage ,races, but with 
many civilised nations of modern times. 

One or two other crania of much lower type, but of less 
antiquity than this, have been discovered ; but they in no way 
invalidate the conclusion which so highly developed a form at so 
early a period implies, viz., that we have as yet made a hardly 
perceptible step towards the discovery of any earlier stage in the 
development of man. 

2. This conclusion is supported and enforced by the nature of 
many of the works of art found even in the oldest cave-dwellings. 
The flints are of the old chipped type, but they are formed into 
a large variety of tools and weapons-·-such as scrapers, awls, 
hammers, saws, lances, &c., implying a variety of purposes for 
which these were used, and a corresponding degree of mental 
activity and civilisation. Numerous articles of bone have also 
been found, including well-formed needles, implying that skins 
were sewn together, and perhaps even textile materials woven 
into cloth. Still more important are the numerous carvings and 
drawings representing a variety of animals, including horses, rein
deer, and even a mammeth, executed with considerable skill on 
bone, reindeer-horns, and mammoth-tusks. These, taken to
gether, indicate a state of civilisation much higher than that of 
the lowest of our modern savages, while it is quite compatible 
with a considerable degree of mental advancement, and leads us 
to believe that;the crania of Engis and Cro-Magnon are not ex
ceptional, but fairly represent the characters of the race. If we 
further remember that these people lived in Europe under the 
unfavourable conditions of a sub-Arctic climate, we sh1.ll be in
clined to agree with Dr. Daniel Wilson, that it is far easier to 
produce evidences of deterioration than of progress in instituting 
a comparison between the contemporaries of the. mammoth and 
later prehistoric races of Europe or savage nations of modern 
times.• 

3. Yet another important line of evidence as to the extreme 
2 "Pr~historic Man," 3rc;l. ed. vot. i. p. n7. 



© 1876 Nature Publishing Group

NATURE [_Sept. 7, i876 

antiquityofthe human type has been brought pr~minentlyforward 
by Prof. Mivart.1 He shows by a careful comparison of all parts of 
the struct._1re of the body, that man is related, not to any one, but 
almost equally to many of the existing ai::es-to t~e oran_g, the 
chimpanzee, the gorilla, and evtn to the g1bbons-m a variety of 
ways . and these relations and differences are so numerous and 
so di~erse that on the theory of evolution the ancestral form 
which uitimately developed into man must have diverged from 
the co1,1mon stock whence all these various forms and their ex
tinct allies originated. But so far back as the Miocene deposits 
of Europe, we find the remains of ape, allied to these va_rious 
forms, and especially to the gibbons, so that in all probability 
the spedal line of variation which led up to man bran,ch~d off at 
a still earlier period. And these early forms, being the initiation 
of a far higher type; and having to develop by natural selection into 
so specialised and , altogether distinct a creature as man, must have 
risen at a very e_arly period into the position of a dominant race, and 
spread in dense. waves of population over all suitable p9rtions of 
the great continent-for thi~, . on Mr. Darwin'_s hypothesis, is 
essential to rapid developmental progress through the agency of 
natural selection. 

Under these circumstances we might certainly expect lo find some 
relics of these earlier forms of man along with those of. animals 
which were presumably less abundant. Negative evidence of 
this kind is not very weighty, but still it has some value. It has 
been suggested that as apes are mostly tropical, anc\ anthropoid 
apes are now confined almost exclusively to the vicinity of the 
equator, we should expect the ancestral forms also to have in
habited these same localities-West Africa and the Malay 
I slands. Bnt this objection is hardly valid, because existing 
anthropoid apes are wholly dependent on a perennial supply of 
easily accessible fruits, which is only found near the equator, 
while not only had the south of Eur0pe an almost tropical 
climate in Miocene times, but we must suppose even the earliest 
ancestors of man to have heen terrestr.ial and omnivorous, since it 
must liave taken nges of slow modification to have produced the 
perfectly erect form, the short arms, and the wholly non-prehen
sile foot, which so strongly differentiate man from the apes. 

The conclllsion which I think we must arrive at is, that if man 
has been developed from a common ancestor, ·Nith all existing 
apes, and by no of her agencies than such as have af'eded t/1eir 
develop ment, then he must have existed in something approach
ing his present foi·m, during the tertiary period- and not merely 
existed, but predominated in numbers, wherever suitable condi
tions prevailed. If then, continued researches in all parts of 
Europe and Asia fail to bring to light any proofs of his presence, 
it will be at least a presumption that he came into existence at a 
much later elate, a11d by a much more rapid process of develop
ment. In that .case it will be a fair argument,. that, just as he is 
in his rnental and moral 11ature, his capacities and aspirations, 
so infinitely raised above the brutes, so his origin is due to 
distinct and higher agencies than such as have affected their 
development. 

There is yet another line of inquiry bearing upon this subject 
to which I wish to call your attention.. It is a somewhat cunous 
fact, that, while all modern writers admit the great antiquity of 
man, most of them maintain the very recent developmerit of his 
intellect, and will hardly contemplate the possibility of men 
equal in mental capacity to ourselves, having existed in pre
historic times. This question is generally assumed to be settled, 
by such relics as have been preserved of the manufactures ot the 
older races showing a lower and lower state of the arts ; by the 
successive disappearance in early times of iron, bronze, and 
pottery ; and by the rnder forms of the older flint implements. 
The weakness of this argument has been well shown by Mr, 
Albert Mott in his very original, but little known ·presidential 
address to the Literary and Philosophic:-11 Society of Liverpool 
in 1873. He maintains that "onr most distant glimpses of th.e 
past are still of .a world peopled as now with men both civilised 
and savage "-and, "that we hav_e often entirely misread the 
past by supposing that the outward signs of civilisation must 
always be the same, and must .be such as are found among our.
selves." In .support of this view he adduces a variety of striking 
facts and ingenious arguments, a few of which I will briefly 
su1n1narise, 

On one of the most re~1ote islands of the Pacific-Easter 
Island-2,000 miles from South America, 2,000 from the Mar
quesas, and more than 1,000 from ihe Gambier Islands, are 
found h~m4reds of gigantic stone images, riow mostly in ruins, 
often thirty or forty feet high, while some seem to have been 

1. "Man and ApCs/' pp. 17I-t93. 

much larger, the crowns on their heads cut out of a red stone 
being s9metin:es t~n feet in diameter, while even the head and 
neck of one _1s said to h~ve been twenty feet high. 1 Thise 
once stood erect on extensive stone platforms, yet the island has 
only an area of about thirty square miles, or co,,siderably Jess 
than Jersey. Now as one of the smallest . images eight feet 
high weighs four tons, the largest must weigh over a hundred 
tons,. if not mt1ch . more ; and the existence of such vast works 
implies a . large population, abundance of food, and an esta
blished gpv, rnrnent. Yet how could these coexist in a mere 
speck of land wholly cut off from the rest of the world? Mr. 
Mott maintains thu.t this necessarily implies the power of regular 
communication with larger islands or a continent, the arts of 
navigation, and a civilisation much higher than now exists in 
any part of the Pacific. Very similar remains in other islands 
scattered widely over the Pacific add weight to this argument. 

The next example is tp.at of the . ancient mounds and earth
works of the North American continent, the bearing of which 
is even more significant. Over the greater part of the exten
sive Mississippi valley four well-marked classes of these earth
works occur. Some are camps, or works of defence, situated 
on bluffs, promontories, or isolated hills; others are vast inclo
sures in t_he plains and lowlands, oftert of geometric forms, and 
having attached to them roadways or avenues often miles in 
length ; a thid are mounds corresponding to our tnmuli, often 
seventy to ninety fee, high, and some of them covering acres of 
ground; while a fourth group consist of representations of 
varion, animals modelled in relief on a gigantic scale, and 
occurring chiefly in an area somewhat to the north.west of the 
other ciasses, in the plains of Wi ,consip. 

The first class-the camps or fortified inclosures-resemble in 
general features the i,ncitnt camps of our own islands, but far 
snrpass them in extent. Fort Hill, in Ohio, is surrounded by a 
wall and ditch a mile and a half in length, part of the way cut 
throngh so lid rock. Artificid reservoirs for water were made 
within it, while at one extremi,y, on a more elevated point, a keep 
is constructed with its separate defences and water-reservoirs, 
Another, called Ci ark's Work, in th~ Scioto valley, which seems 
to have been a fortified t@wn, incloses an area of 127 acres, the 
embankments measuring three miles in length, and containing 
not less than three million cubic feet of earth. This area 
incloses num.erollS sacrificiai mounds and symmetricai earth. 
works in which many interesting relics and works of art have 
baen found. 

The second dass-the sacred inclosures-may be compared 
for extent and arrangement with A vebury or Camak-but are in 
some respects even more remarkable. One of these, at N ewa.rk, 
Ohio, covers an area of several miles with its connected groups 
of circles; octagons, squares, el1ipses, and avenues, on a grand 
scale, and formed by embankments from twenty to thirty feet in 
height. Other s,mila~ works occur in different parts of Ohio; 
and b y accurate survey it it found not only that the circles are 
true, though some of them are one-third of a mile in diameter, 
but that other figures are truly square, each side being over 1,000 
feet long, and what is still_ more important, the d :.mensions of some 
of these geometrical figures in different parts of the country and 
seventy miles apart, are identical. Now this proves the use, by 
the builders of these works, of some standard measures of length, 
while the accuracy of the squares, circles, and, in a less degree, 
of the octagonal figures-shows a considerable knowledge of 
rudimentary geometry, and some means of measuring angles. The 
difficulty of qrawing such figures on a large scale is much greater 
than any one would imagine who has not tried it, and the 
accuracy of these is far beyond what is necessary to satisfy the 
eye. We must therefore impute to these people the wish to 
make these figures _as . acc_urate as possible, and this wish is a 
greater proof of habitual skill and intellectual advancement than 
even the ability to draw such figures. If, then, we take into 
account this ability and this love of geometric truth, and further 
consider the ~ense population and civil organisation implied by 
the construct10n of such exte.nsive systematic works, we must 
allow that _tl:ese people had ;eached the earlier stages ofa civili
sat10n of wh_,ch no traces existed among the savage tribes who 
alone occ~p1ed the country when first visited by Europeans. 

The ammal mounds are of comparatively less importance for 
our pre.sent purpose, . as they imply a somewhat lower grade of 
advancement ; but the seoulchral and sacrificial mounds exist in 
vast numbers, and their i;artial exploralion has yielded a quantity 
of articl<:s _and works of art, which throw some further light on 
the peculiarities of this mysterious people. · Most of these mounds 

z Journ. of Roy. Geog. Soc., 1870J pp. 177, 178. 
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contain a large_ concave hearth or basin of burnt cl:1.y, of per
fectly symmetncal form, on which are found deposited more or 
less abundant relics, all bearing traces of the action of fire. V.' e 
are, ther.efore, only acquainted with such articles as are practi
cally fire-proof. Th~se consist of bone and copper implements 
and ornaments, discs, and tubes-pearl, shell, and silver beads 
more or less injured by the fire-ornaments cut in mica, orna~ 
mental pottery, . arid numbers of elaborate carvings in stone, 
mos tly forming pipes for smoking. The metallic articles are all 
fo: med by hammering, but the execution is very good ; plates of 
nuca are found cut into scrolls and circles ; the pottery, of which 
very few remains have been found, is far superior to that of any 
of the Indir.n tribes, since Dr. 'Nilson is of opinion that they 
m ust have been formed on a wheel, as they are often of uniform 
tbic:kness throughout (sometimes not more than one-sixth of an 
inch) polished, and ornamented with scrolls and figures of birds 
and fl owers in delicate relief. But t11e mo,t instructive objects 
are the sculptured stone pipes, representing: not only various 
easily recognisable animals, but also human heads, so well exe
cuted that they appear to be portraits. Among the animals, not 
only are such native forms as the panther, bear,! otter, woF, 
beaver, raccoon, heron, crow, turtle, frog, rattlesnake, and many 
others, well represented, but also the manatee, which perhaps 
then ascended the Mississippi as it now does the Amazon, and 
the toucan, which could hardly have been obtained ne:m·r than 
:rvlexico. The sculptured heads are especially rematkable, be
cause they present to us the features of an inteHectual and civi
lised people. The nose in some is perfectly straight, and neither 
prominent nor dilated, the mouth is smdl, and the lips thin, 
the chin aud upper lip are short, contra3ting with the pon
derous jaw of the modern Indian. whi.le the cheek-bones pre
sut no marked prominence. Other examples have the nose 
smu,:what prGjecting at the apex in a manner quite unlike the 
feat ures of any American indigenes, and, although there are 
some which show a much coarser face, it is very difficult to see 
i;1 any of them that close resemblance to the Indian type which 
these sculptures have been said to exhibit. The few authentic 
crania from the mounds present corresponding features, being 
far more symmetrical and better de,velopd iu the frontal region 
than those of any American tribes, al though somewhat re
semblin g them in the occipital outline ; 1 while one was described 
by its discoverer (Mr. Vv. Marshall Anderson) as "a beautiful 
skull worthy of a Greek." 

The antiquity of this remarkable race may perhaps not he v<:ry 
great, as compared with the prehistoric man of Europe, although 
ihe opinions of some writers on the subject st em affected by that 
" parsimony of time" on which the late Sir Charles Lyell so often 
dila ted . The mounds are all overgrown with dense forest, and one 
of the large trees was estimated ta be eight hundred years old, 
while other observero consider the forest growth to indicate an age 
c,f a t least 1,000 years. But it is well known that it require, several 
generations of trees to pass away before the growth on a deserted 
clenrmg comes to correspond with that of the surrounding virgin 
forest, while this forest, once established, may go on growing 
for an unknown number of thousands of years. The 800 or 
1,oco years estimate from the growth of existing vegetation is a 
minimum which has no bearing whatever on the actual age of 
these mounds, and we might almost as well attempt to deter
mine the time of the glacial epoch from the age of the pines or 
oaks which now grow on the moraines. 

The important thing for us, however, is that when North 
Americ~ was first settled by European~, the Indian tribes 
inhabiting it had 110 knowledge or tradition of any preceding 
race of higher civilisation than themselves. Yet we find that 
such a race existed ; that they must have been populous 
and have lived under some established government; while 
there are signs that they practised agricultnre largely, as 
indeed they must have done to have supported a popula
tion capable of executing such gigantic works in such vast 
profusion-for it is ,tated that the mounds and earthworks of 
various kinds in the state of Ohio alone amounts to between 
eleven and twelve thousand. In their habits, customs, religion, 
and arts, they differed strikingly from all the Indian tribes ; 
while their love of art and of geometric forms, and their capa• 
city for executing the latter upon so gigantic a scale, render it 
prnhahle that they were a really civilised people, although the 
form their civilisation took may have been ve,y different from 
that of later people subject to very different influences, and the 
inhtritors of a longer series of ancestral civilisations. We have 
here, at all events, a striking example of the transition, over an 

1. ,vilson's '' Prehistoric Man,,, ,ard ed. vol, ii. pp. 123•130. 

extensive country, from comparative civilisation to comparative 
barbarism, the former having left no tradition, and hardly any 
trace of influence on the latter. 

As Mr. Mott well remarks :-Nothing can be more striking 
than the fact that Easter Island and North America both give 
the same testimony as to the origin of the savage life found in 
them, although in all circumstances and surroundings the two cases 
are so different. If no stone monuments had been constructed in 
Easter Island, or mounds, containing a few reliC3 saved from 
fire, in the United States, we might never have suspected the 
existence of these ancient peoples. He argues, therefore, that it 
is very easy for the records of an ancient nation's life entirely to 
perish, or to be hidden from observation. Even the arts of 
Nineveh and Babylon were unknown only a ger.eration ago, and 
we have only just discovered the facts about the mound-builders 
of North America. 

But other parts of the American continent exhibit parallel 
phenomena. Recent investigations show that in Mexico, Central 
America, and Peru, the existing race of Indians has been pre
cecled by a distinct and more civilised race. This is proved by 
the sculptures of the ruined cities of Central America, by th·e 
more ancient terra-cottas and paintings of Mexico, and by the 
oldest portrait-pottery of Peru. All alike show markedly non
Indian fratures, while they often closely resembl,;, modern Euro
pean types. Ancient crania, too, have been found in all these 
countries, presenting very different characters from those of any 
of the modern indigenous races of America.1 

There is one other striking example of a higher being suc
ceeded by a lower degree of knowledge, which is in danger of 
being forgotten because it has been made the founchtion ot 
theories which seem wild and fantastic, and arc probably in 
great part erroneous. I allude to the Great Pyramid of Egypt, 
whose form, dimensions, . structure, and uses have recently been 
the subject of elaborate works by Prof. Piazzi Smyth. Now, the 
admitted facts about this pyramid are so interesting and so appo
site to the subject we are considering, that I beg to recall them 
to your attention. Most of you are aware that this pyramid has 
been carefully explored and measured by successive Egyptolo
gists, and that the dimensions have lately become capable of 
more accurate determination owing to the discovery of some of 
the original casing-stones and the cl.earing away of the earth 
from the corner3 of the foundation, showing the sockets in which 
the corner-stones fitted. Prof. Smyth devoted many months of 
work with the best instruments in order to fix the dimensions and 
angles of all accessible parts of the structure; and he has carefully 
determined these by a comparison of his own and all previous 
measures, the best of which agree pretty closely with each other. 
The results arrived at are-

r. That the pyramid is truly square, the sides being equal and 
the angles right angle,. 

2. That the four sockets on which the four first stones of the 
corners rested are truly on the same level. 

3. That the direction of the sides are accurately to the four 
cardinal points. 

4. That the vertical height of the pyramid bears the same 
proportion to its circumference at the base, as the radius of a 
circle does IQ its circumference. 

Now all these measures, angles, and levels are accurate, not 
as an ordinary surveyor or builder could make them, but to such 
a degree as requires the very best modern instruments and all the 
refinements of geodetical science to discover any error at all. In 
addition to this we have the wonderful perfection of the work
manship in the in terior of the pyramid, the passages and 
chambers being lined with huge blocks of stones fitted with the 
utmost accuracy, while every part of the building exhibits the 
highest structural science. 

ln all these respects this largest pyramid surpasses every other 
in Egypt. Yet it is universally admitted to be the oldest, and 
also the oldest historical building in the world. 

Now these admitted facts about the Great Pyramid are surely 
remarkable, and worthy of the deepe$t consideration. They are 
facts which, in the pregnant words of the late Sir John Herschel, 
"according to received theories ought not to happen," and 
which, he tells us, should therefore be kept ever present to our 
minds, since "they belong to the class of facts which serve as 
the clue to new discoveries." According to modern theories, the 
hig~1er civilisation is ever _a j?:r?wth and an o~tcome from a pre
cedmg lower state ; and 1t IS mferred that this progress is visible 
to us throughout all history and in all the material records of 
human intellect. But here we have a building which marks the 

1 Wilson1s "Prehistoric Man,'' 3rd ed. vol. ii. pp. 125, 144. 
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very dawn of history-which is t_he o'.dest authent~c mon1:men_t of 
man's geni1ts and skill, and wh;ch, mstead o_f bemg far mfenor, 
is very much superior to all which followed ,t. Great men are 
the products of ~heir age and country, and the designer :ind 
con,tructors of this wonderful monument could never have arisen 
among an unintellectual and half-barbarous people. So perfect 
a work implies many preceding less perfect works which have 
disappeared. It marks the culminati':g point of an ancient 
civilisation, of the early stages of which we have no record 
whatever. . 

The three cases to which I have now adverted (and there are 
many others) seem to require for their satisfactory interpretation 
a somewhat different view of human progress from that which is 
now generally acc~pted. Taken in connection with the great 
intellectual power of the ancient Greeks-which Mr. Galton 
believes to have been far above that of the average of any modern 
nation-and the elevation, at once intellectual and moral, dis
played in the writings of Confucius, Zoroaster, and the Vedas, 
they point to the conclusion, that, while in material progress 
there has been a tolerably steady advance, man's intellectual and 
moral development reached almost its highest level in a very 
rem ote past. The lower, the more animal, but often the more 
energetic types, have however always been far the more nume
rous ; },ence such established societies as have here and there 
arisen under the guidance of higher minds, have always been 
liable to be swept away by the incursions of barbarians. Thus 
in almost every part of the globe there may have been a long 
success ion of partial civilisation, each in tum succeeded by a 
period of barbarism ; and this view seems supported by the 
occurrence of degraded types of skull along with such "as might 
ha ve belonged to a philosopher "-at a time when the mammoth 
and the reindP.er inhabited southern France. 

Nor need we fear that there is not time enough for the rise and 
decay of so many successive civilisations as this view would 
imply; for the opinion is now gaining ground among geologists 
that pal.eolithic man was really preglacial, and that the great 
gap- marked alike by a change of physical conditions, and of 
animetl life-which in Europe always separates him from bis 
neolithic successor, was caused by the coming on and passing 
away of the great ice age. 

If the views now advanced are correct, many, perhaps most, of 
our ex isting savages, are the successors of higher races; and 
their arts, often showing a wonderful simiiarity in distant con
tinents, may have been derived from a common source among 
more civilised peoples. 

I must now conclude this very imperfect sketch of a few of 
the offshoots from the great tree of Biological study. It will, 
perhaps, be thought by some that my remarks have tended 
to the depreciation of our science, by hinting at imperfecjons 
in our knowledge and errors in our theories, where more enthu
siastic students see nothing but established truths. But I trust 
that I may have conveyed to many of my hearers a different im
press ion. I have endeavoured to show that even in what are 
usually considered the mere trivial and superficial characters 
presented by natural objects, a whole field of .new inquiry is 
opened u ., to us by the stu 1y of distribution·. and local con
·dit ions. And as regards man, I have endeavoured to fix your 
att ent ion on a class ot facts which indicate that the course of his 
nevelopment has oeen far less direct and simple than has hitherto 
been su pposed ; and that, instead of resembling a single tide with 
it., advancing and receding ripples, it must rather be compared to 
the progress from neap to spring tides, both the rise and the 
de pressiun being comparatively greater as the waters of true 
civilisation slowly advance towards the highest level they can 
reaciJ. 

And if we are thus led to believe that our pre,ent knowledge of 
nature is somewhat less complete than we have been accustomtd 
to cons ider it, this is only what we might txpect; for however 
great may have been the intellectual triumphs of the nineteenth 
century, we can hardly think so highly of its achievements as to 
jmagine that, in somewhat less than twenty years, we have passed 
from complete ignorance to almost perfect knowledge on two 
such vast and complex subj ects as the origin of species and the 
antiquity of man. 

SECTION E. 
GEOGRAPHY, 

Ol'EN i r- G ADDRESS BY F. J. EVANS, C.B., F.R.S., CAPTAIN 
R.N., PRESIDENT. 

Two events, no'.able in the annals of Geographical Science have 
to be recorded smce the last meeting of the British Association; 

and these events as bearing materially on the advancement of 
our knowledge of geography are deserving the special com men. 
dation of this Section. 1 refer to the successful issue of Cameron's 
land journey across the tropical regions of Southern Africa and 
to the successful completion of the sea voyage of the Chal/ena-,r . 
a voyage which in its scope included the circumnavigation ol' th~ 
globe, the traversing the several oceans between the 50th parallel 
of North latitude and the Antarctic circle, and the exploration 
throughout, by the medium of the sounding line and dredge of 
the contour features, the formation, and the animal life of 'the 
great oceanic bed. 

The general results of the notable African land journey have 
already, through our p arent society in London, been brou<>ht 
larg~ly un?er public_ review; and at our present meetin_~ m:ny 
details of mterest will be placed before you by the intrepid 
traveller himself. The courage, perseverance and patient atten
tion to,the records of this long travel have been dwelt on by our 
highest geographical authorities, and so far it might appear super
fluous to join in praise from this chair ; nevertheless, it is to that 
part of the proceeding, of Cameron, the unvarying attention and 
care he bestowed on instrumental observations, in order to give 
those proceedings a secure scientific basis, to which I would 
direct yoLlr attention as being of a high order of merit. 

With this example before us, remembering the country and 
climate in which such unremitting labours were carried out, 
distinction to the future explorer cannot rest on the mere render
ing of estimated topographical details, but can alone be fully 
merited when those details are verified by instrumental obser
vations of an order sufficient to place numerically before geo
graphers the physical features and characteristics of the explored 
region. 

Turning now from t:1e results of the land journey of Cameron 
to those of the sea voyage of the Challeng-er we are again re
minded of the value of repeated and methodically arranged 
instrumental observations in geographical research. vVilh our 
present kn·owledge of the sea-board regions of the globe, little 
remains, except in Polar areas, for the navigator to do in the 
field of discovery, or even of exploration, otherwise than in those 
details rendered necessary by the requirements of trade or special 
industries. It is to the development of the scientific features of 
geography that the attention of voyagers requires to be now 
mainly directed ; and in this there is an illimitable field. The 
great advance in this direction resulting from the two leacling 
events of the past year, to which I have referred, foreshadows 
geographical research of the future. 

Communications of special value from some of those voyagers 
whose good fortune it was to leave and return to their native 
land in the ship Challmg·er will doubtless be made to this and 
other Sections. I trust nevertheless, as one officially interested 
in the expedition from its inception, and as having in early days 
been engaged in kindred work, and also as I hope without being 
considered to have trespassed on the scientific territories .of these 
gentlemen- ground indeed so well earned,-this meeting will 
view with indulgence my having selected as the leading theme 
of my address to it, a review of that branch of our science now 
commonly known as the "Physical Geography of the Sea ; " 
combined with such suggestive matter as has presented itself to me 
whilst engaged in following up the proceedings of this remark
able voyage. 

It has been well observed that "contact with the ocean has 
unquesrionally exercised a beneficial influence on the cultivation 
of the intellect and formation of the character of many na tions, 
on the multiplication of those hands which should unite the 
whole hu,nan race, on the first knowledge of the true form of the 
earth and on the pursuit of astronomy and of all the mathe
matical and physical sciences." The subject is thus .not an 
ignoble one, and further, it appears to me appropriate, assembled 
as we are in the commercial metropolis of Scotland, from among 
whose citizens some of the most valuable scientific investigations 
bearing on the art of navigation have proceeded. -

As a prefatory remark, I would observe that the distinctive 
appellation "Physical Geography of the Sea" is due to the 
accomplished geographer Humboldt ; it is somewhat indefinite 
though comprehensive, and implies that branches of science not 
strictly pertaining to geography, as commonly understood, are 
invaded ; but this intrusion or overlapping of scientific boun· 
daries is inevitable with the expansion of knowledge : and it is 
difficult to see how the term can be wisely amended, or how the 
several included branches of physics can be separated from pure 
geographical science. 

We are indebted in our generation to the genius and untiring 
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energy of Maury, aided originally by the liberal support of his 
Government, for placing before us in the two-fold interests of 
science and commerce an abundant store of observed facts ;n 
lhis field ; accompanied, too, by those . broad generalisations; 
which, written with a ready pen and the fervour of an enthusiast 
gifted with a poetic temperament, have charmed so many readers, 
and in their practical bearings have undoubtedly advanced navi-
gation in practice. . 

In our admiration, however, of modern progress we must not 
in justice pass by without recognition the labours of earlier 
workers in the same field. So early as the middle of the seven
teenth century we find in Holland, Barnard Vanerius describing 
with commendable accuracy the direction of the greater currents 
of the Atlantic Ocean and their dependence on prevailing winds ; 
the unequal saltness of the sea, the diversity of temperature as 
the causes of the direction of the winds, and also speculating on 
the depths of the sea. Vanerius's geographical writings were 
highly appreciated by Newton, and editions were prepared at 
Cambridge under the supervision of that great man in 1672 
and 1681. 

To Dampier the seaman, and Halley the philosopher, we owe 
graphic descriptions of the trade winds as derived from personal 
experience; while the investigations by Hadley of their causes, 
and the conclusions he arrived at, that they were due to the com
bined effects of the diurnal revolution of the earth on its axis, 
and the unequal distribution nf heat over different parts of the 
earth's surface, in substance still remain unchallenged. 

To Rennell we owe a masterly investigation of the currents of 
the Atlantic Ocean, an investigation, which for precision and a 
thorough conception of the conditions affecting the subject will 
long serve as a model for imitation. His period covered some 
thirty or forty years during the end of the last and the begin• 
ning of the present century. At that epoch, chronometers
though very efficient-had scarcely passed the stage of trial, but 
had nevertheless commended themselves to the first navigators 
of the day, whose aim it was to narrowly watch and test this, 
to them, marvellous acquisition. Rennell thus commanded 
nautical observations of a high order of merit ; these he indi
vidually verified, both for determining the ship's position abso
lutely and relatively to the course pursued; and om knowledge 
of surface-currents was established on the secure basis of diffrr
ential results obtained at short intervals, such as a day or parts 
of a day, instead of the previous rude estimation from a ship's 
reckoning extending over a whole voyage, or its greater part. 

At a later datli! we have by Redfield, Reed, Thom, and others, 
solidly practical investiGations of the gyratory and at the same 
time bodily progressive movements of those fierce and violent 
stmms which, generated in tropical zones, traverse extensive 
districts of the ocean, not unfrequently devastating the narrow 
belt of land comprised in their track; and on the sea baffiing all 
the care and skill of the seaman to preserve his ship scathless ; 
while the clear and elegant exposition by Dove of their law and 
its application as one common general principle to the ordinary 
movements of the atmosphere must commend itself as one of 
the achievements of modern science. 

While for the moment in the aerial regions, we must not forget 
the ind ustry and scientific penetration of the present excellent 
secretary of the Scottish Meteorological Society. H is more 
recent development of the several areas of barometric prcSsure, 
both oceanic and continental, bids fair to amend and enlarge our 
conceptions of the circulation of both the aerial and liquid 
coverings of our planet. 

Looking then from our immediate stand-point on the ex
tent of our knowledge, as confirmed by observational facts of 
the several branches of physics pertaining to the geography of 
the sea, just rapidly reviewed, we find that, resulting from the 
methodical gathering up of "ocean statistics" by our own and 
other maritime nations, in the manner shadowed forth by Maury 
and stamped by the Brussels Conference of 1853, we are iu pos
session of a goodly array of Lroad but nevertqeless sound results. 
The average seasonal limits ?f the trade winds and monsoons; 
with the areas traversed by circular storms are known ; also the 
general linear direction and varying rates ?f motion .of tbe several 
ocean currents and streams ; together with the diffused. values 
of air and sea surface temperatures, the areas of uniform baro
metric pressure, and the prevalent winds, over the navigable 
parts of the globe. . 

Thus far the practical advantages that have accrued to th,e, art 
of navigation-and so directly aiding commerce-by the gradual 
diffusion of this knowledge through the medium of graphical 
rendering on charts, and concise textual descriptions, cannot be 

over-rated ; still much is wanting ii, fulness ;i.nd precision of de
tail, especially in those distant but limited regions IJlOre recently 
opened out by expanding trade. Science views, too, with 
i1ocreasing inte:est these advances in onr knowledge of ocea.11 
physics, as bearing materially 011 the grand econom)'. of nature : 
e,savs bri!liant and almost exhaustive on some of tts subjects, 
have been given to us by eminent men of onr own day; but here 
one is reminded, by the diversity in the rendering of facts, how 
much remains to be done in their correlation, and what an ex
tensive and sti11 expanding field is before us. 

The dawning efforts of science to pass beyond the immediate 
practical requirements of the n2.vigator are worthy of note. \Ve 
fmd-from an admirable paper on the "Temperatures of the Sea 
at different Depths," by :V1r. Prestwich, ju,t published in the 
Philosophical 7,·ansactions-that in the middle of last century 
the subject of dcep-$ea temperatures first began to attract atten
tion, and thermometers for the pu1pose were devised ; but it was 
not till the early part of the present century that the curiosity 
of seamen appears to have bee11 generally awakened to know 
more of the ocean than co:.1Id be gleaned on its surface. John 
Ross, when in the Arctic seas in 1818, ca•Jght glimpses of 
animal life at the depth of 6,000 feet; other navigators suc
c~eded in obtaining the temperat.ire of successive, layirs of water 
to depths exceeding 6,000 feet, bnt, s~ far as I can ascertain, 
James Ross was, in 1840, the first to record beyond doubt that 
bottom had been r~ached, "deeper than did ever plummet 
sound," at 16,060 feet, westward of , the Cape of Good Hope. 

The impetus to deep sea exploration was, however, given by 
the demand for electric. telegraphic communication between 
countries severed by the ocean, or by impracticable land routes, 
and the past twenty years marks its steady growth. Appliances 
for reaching the bottom with cderity, for bringing up its water, 
for bringing up its formation, for registering its thermal condi
tion in situ, have steadily improved, Md thus the several oceans 
were examined both over present and prospective telegraph 
route.s. Science, aroused by the consideration that vast fields 
for biological research were opening u p-as proved by the re
turns, prolific with living and dead animal matter, rendered by 
the comparatively puny appliances originally use,{ for bringing 
up the sea bottom-invoked, as beyond the reach of private 
enterprise, the aid of Government. Wisely, earnestly, and 
munificently was the appeal responded to, and thus the 
Chaliengei· Expedition has become the culminating effort of our 
own day. 

We have now reached, in aU probability, a new starting-point 
in reference to many of our conceptions of the physics of the 
globe, and our own special branch may not be the least affected. 
There is opened up .to us, for example, as fair a general know
ledge of the depression of the bed of large oceanic areas below 
the sea level, as oft.he elevation of the lands of adjacel)t conti
nents above that universal zero line. We learn for the first time 
by the Challeng,r' s results-ably supplemented as they have 
recently been by the action of the U.S. Government in the 
Pacific, and by an admirable series of soundings made in the 
exploratory German ship of war Gazelle-that the unbroken 
range of ocean in the southern hemisphere is much shallower 
than the northern seas, that it has no features approaching in 
character those grand abyssal depths of 27,000 and 23,500 feet 
found respectively in the North Pacific ancl. North Atlantic Oceans, 
as the greatest reliable depths recorded do not exceed 17,000 or 
17,500 feet. 

The general surface of the sea bed presents in general to the 
eye, when graphically rendered on charts by C0)1tour lines of 
equal soundings, extensive plateaux varied with the gentlest of 
undulations. There is diversity of fea,ture in the western Pacific 
Ocean, where, in the forge area occupied by th<! many groups of 
coral islands, their intervening seas are cut up into deep basins 
or hollows, some 15,000, some 20,000 feet deep. In the 
K orlhern Oceans one is struck with the fact that the profounder 
depths in the Pacific occupy a relative place in that ocean with 
those foun-1 in the At!.mtic; both abyssal areas have this, too, 
in common, the maximum depths are near the land, the sea sur
face temperature has the maximum degree of heat in either ocean, 
and two of the rno;t remarkable ocean streams-Florida Gulf 
and Japan-partially encompass them. 

In the Atlantic Ocean, from a high Southern latitude, a broad 
channel with not less than some 12,000 to 15,000 fe~t can be 
traced, a; extending nearly to the entrance of Davis Strait: a 
dividing undulating ridge of far less depression, on which stand 
the islands of Tristan d' Acunha, St. Helena, and Ascension, 
separates this which may be named the ·western Channel from a 
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similar one running parallel to the South African Continent, and 
which extends to the parallel of_ the Briti~h I_slands. . ~t is 
possible that certain tidal and, mdeed, _climatic cond1t10ns, 
peculiar to the shores of the North Atlantic, may be traced to 
this bottom conformation, which carries its deep, canal-like cha
racter into Davis Strait, and between Greenland, Iceland, and 
Spitzbergen, certainly to the 80th parallel. 

There is, however, one great feature common to all oceans, and 
which may have some significance in the consideration of ocean 
circulation, and as affecting the genesis and translation ot the 
great tidal wave and other tidal phenomena, of which we know 
so little; namely, that the fringe of the seaboard of the great 
continents and islands, from the depth of a few hundred feet 
below the sea-level, is, as a rule, abruptly precipitous to depths 
of 10,000 and 12,000 feet. This grand escarpment is typically 
illustrated at the entrance of the British Channel, where the 
distance between a depth of 600 feet and I 2, ooo feet is in places 
only ten miles. Imagination can scarcely realise the stupendous 
marginal features of this common surface depression. 

Vast in extent as are these depressed regions-for we must 
recollect that they occupy an area three times greater than· the 
dry land of the globe, and that a temperature just above the 
freezing-point of Fahrenheit prevails in the dense liquid layers 
covering thern-life is sustained even in the most depressed and 
coldest parts ; while in those areas equivalent in depression below 
the sea-level to that of European Alpine regions above it, animal 
life abundantly prevails : structural forms complicated in arrange
ment, elegant in appearance, and often lively in colour, clothe 
extensive districts; other regions apparently form the sepulchral 
resting-place of organisms which when living existed near the 
surface ; their skeletons, as it bas been graphically put, thus, 
" raining down in one continuous shower through the intervening 
miles of sea-water." Geological formations, stamped with the 
permanency of ages, common to us denizens of the dry land, 
appear, in these regions, to be in conrse of evolution ; forces 
involving the formation of mineral concretions on a grand scale 
are at work ; life is abundant everywhere in the surface and sL1b
snrface waters of the oceans ; in fine, life and death, reproduction 
and decay, are active, in whatever depths have been attained. 

As a question of surpassing interest in the great scheme of 
nature, tlie economy of ocean circulation, affecting as it cfoes the 
climatic conditions of countries, has of late attiacted attention. 
The general facts of this circulation in relation to climate have 
been thus tersely summarised : " Cold climates follow polar 
waters towards the equator, warm climates follow warm equato
rial streams towards the poles." We can all appreciate the 
geniality of our own climate, especially on the western shores of 
the kingdom, as compared with the Arctic climate of the shores 
of Labrador, situated on the same parallels of latitude ; or 
indeed, with the vigorous winter climate of the adj a.cent North 
American seaboard, even ten degrees farther to the south. 
These, and kindred features in other parts of the globe, have led 
to the summarised generalisation I have just referred to, but the 
rationale of these movements of the waters is by no means 
assured to us. 

That ocean currents were due primarily to the trade and other 
prevailing winds, was the received opinion from the earliest in
vestigation made by navigators of the constant surface movement 
of the sea. Rennell's view,; are thus clearly stated-'' The winds 
are to be regarded as the prime movers of the currents of the 
ocean, and of this agency the trade winds and monsoons have by 
far the greatest share, not only in operating on the larger lwlj 
of the whole extent of the circumambient ocean, but as possessing 
greater power by their constancy and elevation to generate and 
perpetuate currents" •.. "next to these, in degrees, are the 
most prevalent winds, such as the westerly wind beyond, or to 
the north and south, of the region of trade winds." 

Maury, so far as I am aware, was the first to record his dissent 
from these generally received views of surface currents being due 
to the impulse of the winds, and assigned to differences of specific 
gravity, combined with the earth's rntation on its axis, the move
ment of the Gulf Stream, and other well defined ocean currents. 

A writer of the present time, gifted with high inductive reason
ing powers and with observed facts before him in wide extension 
of those investigated by Rennell, regards the various ocean 
currents as members of one grand system of circulation ; not 
produced by the trade.winds alone, nor by the prevailing winds 
proper alone, but by the continued action of all the prevailing 
wmds ?f the globe regarded as one system of circulation ; and 
that without ei-ception, he finds the direction of the main cur• 

rents of the globe to agree exactly with the direction of the 
prevailing winds. 

Another writer of the present day, distinguished for intellec. 
tual power, and who personally has devoted much time to the 
acquisition of exact physical facts bearing on the question both 
in the ocean near our own shores and in the Mediterranean sea 
without denying the _agency of the winds, so far as surface drift; 
are concerned, considers that general ocean circulation is de
pendent on thermal agency alone ; resulting in the movement of 
a deep stratum of polar waters to the equator, and the movement 
of an upper stratum from the equator <0wards the poles: the 
"disturbance of hydrostatic equilibrium" being produced by the 
increase of density occasioned by polar cold and the reduc
tion of density occasioned by equatorial heat ; and that polar 
cold rather than equatorial heat is the prinmm mobile of the cir
culation. Analogous views had also been entertained by Conti
nental physicists from sea temperature results obtained in Russian 
and French voyages of 1estarch in the early part of this 
century. 

Vie have here presented to us two distinct conceptions of 
ocean circulation - the one to a great extent confined to lhe 
surface and horizontal in its movements, the other vertical ex
tending from the ocean surface to its l->ed, and involving, as a 
consequence, "that every drop of water will thus [except in 
confined seas] be brought up from its greatest dephs to the 
surrace." 

\.Vith these several hypothes,s before us, it may be fairly con
sidered that the problem of "ocean circulation" is still unsolved. 
Possibly, the real solution may require the consideration of 
physical causes beyond those which have been hitherto accepted. 
In attempting the sdution, it appears to me impossible to deny 
that the agency of the winds is most active in bringing about 
great movements on the surface waters : the effects of the 
opposite monsoons in the India and China seas furnishing corro
borative prco£ Again, the remarkable thermal condition of 
the lower stratum of the water in enclosed seas, as the Mediter· 
ranean, and in those basin-like areas of the We; tem Pacific cut 
off by encircling submarine ridges from the sources of polar sup
plies, combined with the equalJy remarkable conditions of cold 
water from a polar source !lowing side by side or interlacing 
with warm water from equatorial regions-as in the action of 
the Labrador and Gulf Streams-points to the hypothe,is of a 
vertical circulation as also commanding respect. 

The time may be considered, however, to have now arrived 
for gathering up the many threads of information at our dispornl; 
and bv fresh combinations to enlarge at least our conceptions, 
even if we fail in satisfying all the conditions of solution. To 
this task I will briefly address myself. 

A grand feature in terrestrial physics, and one which I appre
hend bears directly on the subject before us, is that producing 
ice movement in Antarctic seas. 'vVe know from the experience 
gained in ships-which, to shorten .the passages to and from this 
country, Australia and New Zealand, have followed the great 
circle route, and thus attained high southern latitudes-that vast 
tracts of ice from time to time become disrupted from the fringe 
of southern lauds. Reliable accounts have reached us of vessels 
frequently running down several degrees of longitude, sadly 
hampered by meeting islands of ice; and especially of one ship 
being constantly surrounded with icebergs in the correspondii~g 
latitudes to these of London and Liverpool, extending nearly 
the whole distance between the meri.clians of New Zealand and 
Cape Horn. Indeed, accumulated records point to the conclusion 
that on the whole circumference of the globe south of the 50th 
parallel, icebergs, scattered more or less, may be constantly 
fallen in with during the southern summer. 

The Antarctic voyages of D'Urville, Wilkes, and James Ross 
assure us of the origin and character of these ice masses which 
dot the Southern seas. Each of these voyagers were opposed in 
their progress southward-D'Urville and Wilkes on the 65 1.h 
parallel, l{oss on the 77lh, by barrier cliffs of ice. Ross traced 
this barrier 2 50 miles in one unbroken line ; he, describes it as 
one continuous perpendicular wall of ice, 200 to roo feet high 
above the sea, with an unvarying le,·el outline, and probably 
more than r,ooo feet thick-'' a mighty and wonderful object." 
Ross did not consider this ice barrier as resting on the ground, 
for there were soundings in 2,500 feet a few miles from the 
cliffs; Wilkes also sounded in over 5,000 feet, only a short 
distance from the barrier. 

There is singular accord in the descriptive accounts by Wilkes 
and Ross of this ice region ; they both dwell on the difference in 
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character of Ant1rctic from Arctic ice fo rmation , on the tabular 
form of the upper surface of the floating icebergs, and their 
stnate<l appearance ; on the extreme severity of the climate in 
midsummer; of the low barometric pressure experienced-and 
express equal wonderment at the stupendous forces necessary to 
break away the face of these vast ice barriers, and the atmo
spheric causes necessary for their reproduction. 

From the drift of this disrupted ice we have fair evidence of a 
great bodily movement of the waters northward; for it must be 
remembered that icebergs ha.ve been fallen in with in the entire 
circumference of the southern seas, and that they are pushed in 
the Sonth Atlantic Ocean as far as the 40th parallel of latitude ; 
in the South Indian to the 45th parallel; and in the South 
Pacific to the 50th parallel. 

In the discussion of ocean ci rculation, it has been assumed 
that water flows from Equatorial into Antarctic areas ; there is 
no evidence, so far as I am aware, that warm surface water in 
the ,cnse implied is found south of the 55th parallel. Surface 
stream movement northward and eastward appears to be that 
generally experienced in the zone between the Antarctic circle 
and that parallel, With, thtn, this great bodily movement north
ward of Antarctlc waters inclnded certainly between the surface 
and the base, or nearly so, of these tabular icebergs (and thus 
representing a stratum certainly some thousand feet in thickness), 
the question arises, How and fro m whence does the supply come 
to fill the created void? Sir Wyville Thomson, the leader of 
the Cftallenger sc ien tific staff, in one of the later of the many 
able reports he has forwarded to the Admiralty, furnishes, I 
thi nk, a reasonable answer. Stating first his views as derived 
from study of the bottom temperature of the Pacific Ocean 
generaUy, he writes :-" \Ve can sca rcely doubt that, like the 
similar mass of cold bottom-water in th e Atlantic, the bottom
water of the Pacific is an extremely slow indraught from the 
Southern Sea." H e then gives the reason. "I am every day 
more fully satisfied that this influx of cold water into the Pacific 
and Atlantic Oceans from the southward is to be referred to the 
simµ!est and most obvious of all causes, the excess of evaporation 
over precipitation of the land-hemisphere; and the excess of 
precipitation over evaporation in the middle and southern parts 
of the water-hemisphere." 

Before follo wing up the great northward movement of Ant
arc t.ic waters, I would draw attention to a physical feature in 
connection with tidal movements, which possibly may be one 
of the many links in the chain of causes affec ting ocean circu
lation. The mean tide level (or that imaginary point equi
di,tant from the high and low water-marks as observed through
onl a whole lunat ion) has been assumed as an invariable 
quantity; our Ordnance Survey adopts it as the zero from whence 
all elevations are g iven : the datum level for Great Britain being 
tl1e level of mean tide at Liverpool. For practical purposes, at 
least on our own shores, this mean sea-level m ay be considered 
invariable, although recent investigations of the tides at Liver
pool and Ramsgate indicate changes in it to the extent of a few 
inches, and "vhich changes are embraced in an annual period, 
attaining the maximum heigbt in the later months of the year; 
these have been assumed as pc,s; ibly due to meteorolugical 
raiher than to the astronomical causes involved hy tidal theory. 

From an examination of some tidal obse rvations recently made 
near the mouth of Swan River, in Wes tern Australia, during the 
progress of the Admiralty_survey of that ~oast, there appears to me 
evidence that 111 this locality-open, it will be remembered, to the 
wide southe rn seas-the sea-level varies appreciably during the 
year: thus, the greatest daily tidal range in any month very rarely 
exceeds 3 feet, but the high and low water-marks. range during 
the year 5 Jeet. The higher level is attained 111 June, and 
exceeds the lower level, which is reached· in November, by one 
foot or more. At Esquimalt in Vancouver Island, fairly open 
to the North Pacific Ocean, there are indications of the sea-level 
being higher in January than it is in June; and a distinct excess 
of the mean level of the tide by several inches in December and 
J anuary as compared with the summer months, was traced 
by the l~te Captain Beechy, R. N., at Holyhead (see Pftil. Trans. 
r 848). If this surface oscillation is a general oceanic feature, 
and some further proofs indirectly apµear in the Rerorts of the 
T idal Committee to this Association for 1868, '70, '72, to which 
I have just referred-for mention is also made of a large annual 
tide of over three inches, teaching its maximum in August, 
having been observed _at Ca_t I sla~d , in the_ Gulf of J:vlexico ;
we may have to recogmse th is physical condition, that the waters 
of the southern hemisphere attain a high level at the period of 
tl~.e year wlwri th<; sun is to the n9rth of the equator, and that 

the northern waters are highest at the period when the sun is to 
the south of the equator. This is a question of so much interest 
that I propose again to revert to it. · 

Variations in the sea level have been observed, notably in the 
central parts of the Red Sea, where the surface water, as shown 
by the exposure of coral reefs, is said to be fully two feet lower 
in the summer months than in the opposite season ; these differ
ences of level are commonly assigned to the action of the winds. 

Rennell, in his "Investigation of the Currents of the Atlantic 
Ocean," states, on what would appear reliable authority, that on 
the African Guinea coast the level of the sea is higher by at 
least six feet perpendicular in the season of the strong S. W. and 
southerly winds - which winds blow obliquely into the Bay of 
Benin between April and September, the rainy season also-than 
during the more serene weather of the opposite season ; the 
proof being that the tides ebb and flow regularly in the several 
rivers d uring the period of strong S. W. winds, but that in the 
other season the same rivers rnn ebb constantly, the level of the 
sea being then too low to allow the tide waters to enter the 
mouths of the rivers. le is possible the cause, here and elsewhere, 
may, in part be cosmical, and neither meteorological nor astro
ifomical in a tidal sense. 

These several facts in relation to the variations in levels 
of the surface of the ocean are interesting, ani point to new fields 
of observation and research. 

Another physical feature connected with the ocean level is 
deserving consideration; I rerer to the effect of the pressure of 
the atmosphere. On good authority we know that the height 
of high water in the English Channel varies inversely as the 
height of the barometer; the late Sir John Lubbock laid i t down 
as a rule that a rise of one inch in the barometer causes a depres
sion in the height of high water amount ing to seven inches at 
L ondon and to eleven inches at Liverpool. Sir James Ross 
when at Port Leopold , in the Arctic seas, found that a difference 
of pressure of ·668 of an inch in the barometer produced a differ
ence of 9 inches in the mean level of the sea, the greatest 
pressure corresponding to the lowest level. These results 
appeared to h im to indicate "that the ocean is a water-baro
meter 011 a vast scale of magnificence, and that the level of its 
surface is di sturbed by every variation of atmospheric pressure 
inversely as the mercury in the barometer, and exactly in the 
ratio of the rel ative specific gravities of tbe water and the mer
cmy." Vv'hen we conside r the exceptionally low barometric 
pressure prevailing in the southern seas, and the com µaratively 
low pressure of the E quatorial Ocean zones as compared w,th 
the areas of high pressure in the oceans north and south o f the 
Equator-the latter features a late development by Mr. Buchan 
-these characteri stic conditions of at111ospheric pressures cannot 
exist without presumably affecting the surface cond itions of 
adjacent waters. 

There is yet one more point in connection with the ocean 
circulation which I venture to think has not received the atten
tion it demands ; this is the economy of those currents known 
as" counter equatorial." Their limits are now fairly ascertained, 
and are found to be confined to a narrow zone ; they run in a 
direction directly opposite to, and yet side by side with, the 
equatorial streams of both the Atlantic and Pacific Oceans. We 
know that they run at times with great velocity (the Challmger 
experienced fifty miles in a day in the Pacific Ocean), and ccca
sionally in the face of the trade wind ; and that they are not 
merely local, stretching as they do across the wide extent of the 
Pacific ; and in the Atlantic, during the summer months of our 
hemisphere, extending nearly across from t_he _Gu_inea Coast to 
the West Ind ia Islands. They have too this sigmficant feature 
that their narrow zone is confined to the northern side alone of 
the g reat we~t-going equatorial currents ; this zone is approxi
ma.tely between the parallels of 7° and l".0 N., and thus corre
sponds with the belt of greatest atmosphencal heat on the earth's 
surface. 

That the functions of the counter currents in the physics of the 
ocean are imoortant must, I think, be conceded. They appear 
to act on their eastern limits as feeders to the equatorial cur
rents · and from the seasonal expansion, which has been well 
traced in the Atlantic, are probably more immediately a.5sociated 
with some oscillatory movement of the waters following, though 
perhaps only remotely connected with, the sun's movements in 
declination. 

A brief summary of the thermal conditions of the oceanic 
basins will now enable us to review the salient features of ocean 
circulation, and the more i111mediate s<;ientific position the ques, 
tion has ass1+med , 
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In all seas within the torrid and temperate zones, provided 
any given area is not cut off by submarine _barriers from a s1_1p
ply of polar or glacial water, the sea be1 1s. covered by a thick 
stratum of water the temperature of which IS confined between 
32° and 35° F. 'In th~ Pacific Ocean this cold s~ratum must. be 
derived from Antarctic sources, for the opemng- of Behrmg 
Strait is too small to a<lmit of an appreciable efflux of Arctic 
waters. In this ocean the cold stratum obtains generally at 
depths below 9,000 feet from the surface, with an almost invari
able isothermal line of 40° F., at from 2,500 to 3,000 feet from 
the surface. Similarly, in the Indian Ocean basin, the cold 
stratum at the bottom is derived from Antarctic sources, for the 
temperature of 33°·5 F. underlies the hot surface waters of the 
Arabian Gulf. 

In the South Atlantic, Antarctic waters, with a bottom tem
perature of 31° to 33°·5 F., certainly cross the equator; the bed 
of the North Atlantic basin then warms up to 35°-marked 
diversities in both the temperatures and thickness of the succes
sive layers of water from the surface downwards are found
and in the central parts of the basin it is not until the vicinity of 
the Faroe Islands is reached that Arctic waters of an equivalent 
emperature to those from Antarctic sources are experienced. 

Turning now to the scientific aspect of the question :-
The doctrine of a geJ1eral oceanic thermal circulation assumes 

two general propositions-I, the existence of a deep under-flow 
of glacial water from each pole to the equator ; and 2, the 
movement of the upper stratum of oceanic water from the equa
torial region towards each pole, as the necessary complement of 
the deep polar under-flow-this double movement being de· 
pendent "upon the disturbance of hydrostatic equilibrium con
stantly maintained by polar cold and equatorial heat." 

Proposition 2, in its general application as to the movement of 
surface waters, is unquestionable ; but that of a deep under-flow 
from the poles, as a necessary complement, remains open to 
doubt. Proposition r, in its wide generality, must, from what 
we know of the Pacific, be wnfined to the Atlantic Ocean ; and 
it appears to me that it is on the interpretation of the movement 
of the waters in its northern basin that the hypothesis of a ver
tical circulation and the potency of thermal agency in bringing it 
about must be judged. 

\Ve have followed the movements of Antarctic waters in the 
Atlantic to the 40th parallel, as illustrated by the progress of 
icebergs; we know that the movement deflects the strong 
Agulhas current, and that the cold waters well up on the western 
shore of the South African continent, cooling the equatorial 
current near its presumed source ; the thrusting power of this 
body of water is therefore great. About the equator it rises 
comparatively near to the surface. But we now come to another 
and distinct movement-the equatorial current-and on this, I 
apprehend, the material agency of the winds cannot be denied, 
in forcing an enormous mass of surface-water from east to west 
across the ocean. The Gulf Stream results, and the compara
tive powers of this stream, as especially influencing- the climate 
of our own and neighbouring countries, together with the forces 
at work to propel its warm waters across the Atlantic, has be
come the controversial field for the upholders of horizontal and 
vertical circulation. The one hypothesis assigns to the Gulf 
Stream all the beneficent powers of its genial warmth-extending 
even beyond the North Cape of Europe-which has J.een con
ceded to it from the time of Franklin. The other hypothesis 
reduces its capacity and power, considers that it is disintegrated 
in mid-Atlantic, and that the modified climate we enjoy is 
brought by prevailing winds from the warm area surrounding 
the stream ; and to this has been more recently added, "by the 
heating pow'er of a warm sub-surface stratum, whose slow north
ward movement arises from a constantly renewed disturbance of 
thermal equilibrium between the polar and equatorial portions 
of the oceanic area." 

Without denying the active powers of this disturbed thermal 
equilibrium-although in this special case it is an abstrnction 
difficult to follow-and giving due weight to the many cogent 
facts which have been brought forward in support of both views, 
there appears to be still a connecting link or links wanting to 
account for the southern movements of Arctic waters; which 
movements to me are even more remarkable as physical phe
nomena than the translation of the warm waters from the Gulf 
Strea,:n area to a high northern latitude. 

. This m_ovement of Arctic waters is forcibly illustrated by the 
wmter dnfts down Davis Strait of the ,hips .Resolute, Fox, Ad
~ance, and par~ of the crew of the Polaris, when enclosed in pack 
ice, exceedmg m so,r.e <;:ases a thousand miles ; similarly of the 

winter drift of a part of the German expedition of 1870 down 
the east side of Greenland, from the latitude of 72° to Cape Fare. 
well. If to these examples we add the experience of Parry in 
his memorable attempt to reach the North Pole from Spitz. 
bergen in the summer of 1827, it must be inferred that a perennial 
flow of surface water from the polar area into the Atlantic 
obtains ; and, judging from the strength of the winter northerly 
winds, that the outflow is probably at its maximum strength in 
the early months of the year. 

When we further know that the northern movement of warm 
waters gives in winter a large accession of temperature to the 
west coast of Scotland, to the Faroe Islands, and extending to 
the coasts of Norway as far as the North Cape ; the conside
ration arises whether this onward movement of waters from 
southern sources is not the immediate cause of displacement of th 
water in the polar area, and its forced return along the channels 
indicated by those winter drifts to which I have referred. 

That some hitherto unlooked-for and unsuspected cause is the 
great agent in forcing southern waters into the Atlantic polar 
basin has long forced itself on my conviction, and I now suspect 
it is to the cause producing the annual variations in the sea 
level-for, as I have mentioned, indications exist of the seas of 
the northern hemisphere having a higher level in winter than in 
summer,-that we must direct our attention before the full solu
tion of ocean circulation is accepted. 

The facts of the annual changes of sea level, whatever they 
may ultimately prove, have hitherto ranged themselves as a part 
of tidal action, and so escaped general attention. Physicists 
well know the complication of tidal phenomena, and if one may 
be permitted to say, the imperfection of our tidal theory; certain 
it is that the tides on the European coasts of the Atlantic are so 
far abnormal that one of our best authorities on the subject (Sir 
William Thomson) describes them, in relation, I assume, to 
tidal theory, as "irregularly simple," while the tides in all other 
seas are comparatively complicated, but" regular and explicable." 
However this may be, specialists should direct their attention to 
the disentanglement of the variations in the sea level from tidal 
action simple ; and our colonies, especially those in the southern 
hemisphere, would be excellent fields for the gathering in of reli
able observations. 

I am unwilling to leave the subject without tracing some of the 
consequences that might be fairly considered to follow this 
assumed change of level in the North Atlantic basin. We can 
by it conceive the gradual working up of the warmed water from 
southern sources as the winter season approaches, including the 
expansion of the Gulf Stream in the autumn months; the con
sequent welling up of a head of water in the enclosed and com
paratively limited area northward of Spitzbergen, Greenland, 
and the broken land westward of Smith Sound ; the forced 
return of these glacial waters, their greatest volume seeking the 
most direct course, and thus working down the Labrador coast, 
charged with ice, and passing the American coast inside the Gull 
Stream; while the smaller volume, reaching the higher latitudes 
in mid-Atlantic, interlaces with the warm barrier waters, causing 
those alternating bands of cold and warm areas familiar to us 
from the Lightning and Porcupine observations, and which are 
now being worked out by the Norwegian exploring expedition 
in the government ship Voringen. 

We can further conceive that the larger function of the 
"counter currents" on the north margin of the great equatorial 
streams is to act as conduits for the surcharged waters of the 
Northern Oceans consequent on the gradual changes of level. 
The Atlantic counter-current we know expands markedly in the 
autumnal season, and there may be some connection between 
this expansion and the high level of the waters said to exist in 
the Gold Coast and Guinea bights at the same season, 

We are thus, as it appears to me, now only on the threshold of 
a large field of inquiry bearing on the physical geography of 
the sea ; but we have this advantage,-the admirable discussions 
which have taken place in the past few years, productive as they 
have been of the marshalling hosts of valuable facts, will lighten 
the labours of those who engage in its prosecution. Science is 
deeply indebted to, and I am sure honours, those who have so 
earnestly worked on the opening pages of the coming chapter on 
Ocean Circulation. 

Unwillingly I turn from this interesting subject; but the 
demands on my time and your patience are imperative : as, fol
lowing precedent, it is incumbent on me briefly to bring under 
the review of the Aisociation the latest unrecorded incidents in 
geographical progress or research. 

There is Q!le absorbing topic which, in the co,1rse 9f a few 
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weeks, or even days, may attract gei;eral interest. I refer to 
accounts of our Arctic expedition. It is possible that while I 
am now addressing you, the ships Alert and Discovery, favoured 
by fine seasons, may have, in their endeavours to reach high 
nm them latitudes, accomplished all that human skill and energy 
can de, and by fortuitous circumstances secured their return 
southward through Smith Sound, with the same facilities, as we 
have reason to hope, they entered what we suppose to be that 
notable gateway to the Pole. If so, they are now fairly in Davis 
Strait, homeward bound. We must not regard this estimate of 
prngress as visionary, for, the conditions being favourable, the 
time at the disposal of the voyagers is ample. It is the varying 
conditions of Arctic seasons, we must remember, that baflle the 
forecasts of the most experienced Arctic experts. 

Should unfavourable conditions, or the decision of the chief, 
detain the sh ips another year in their icy quarters, we have rea
rnn to hope that advices will reach us of their whereabouts in 
the spring of next year. The spirited enterprise of the well
trained Arctic navigator, Allan Young, supported as he has been 
bythe Government, offers a sure guarantee that the leaders, Nares 
and Stephenson, will be ably seconded in their effort~ to keep up 
communication with their countrymen. Here, agam, we must 
not forget that baffling conditions may defeat the intentions of 
the commanders to communicate in time with the depots at the 
portals of Smith Sound. . . 

This prolonged bamshment from 111tercourse with the outer 
world was, however, a contingency anticipated and provided for 
by that able Committee of Arctic Officers who, with a full sense 
of their responsibility, so fully advised the Government in every 
pha;e of this national undertaking. A parliamentary paper, 
published during this session,fgives the fo!lest particulars relating 
to th e progress of the expedition and the ster,s which have been 
taken to communicate with their depots. There is a long chain 
of contingencies to be attended to, as will t e seen on reference 
to the interesting details therein given, but I venture to think 
that not a link is missing, either in the conception, or in the 
mea ns provided to b1ing the unde:tak_ing to a_ successfui issue. 

There is one feature to be kept rn view, which from the excep
tional conditions of ship navigation in the icy regions of the 
fa r north is rarely realized, unless by those who have had actual 
exper ience in polar service, a1;d i! is this, that ?etween the_ time 
of the disruption of the old ice m August ana the format10n of 
the new in September, there exists a very short period when 
ships are free to move. This period of open or partially open 
water may be shortened by unfavourable circumstan~es, an~l vzce 
cHnd; it may be assumed, however, that m a straight fairway 
channel such as Smith Sound it almost always does occur, and 
as the return southward, on account of the drift, is always more 
easi lv accomplished than the advance north, the great probabiiity 
is th~t, if the ships remain out another year, it will be the result 
of design rather than accident. , . . . . . 

By the parliamentary papers re,atmg to_ the exped1t1on 1t will 
be see n that, in the event of the non-arnval of the Alert and 
Discovery during the autumn of ~his year, a rel!ef ship will be 
de,patched to a re11dezvous in Smith Sound durmg tl1e summer 
of 1877. 

\Vith regard to Africa, exploration and diocovery have pro-
ceed eel with accelerated strides during the past few years. Even 
since the recent date of Cameron's remarkable journey across the 
continent, important additions have been made to the rapidly 
filling-up map of the i':terior._ Most of these add1t~ons reltte to 
the "real lakes, regardmg winch our knowledge w~s prev,ously 
very° incomplete and unsatisfactor y. Thus, Mr. Young, the 
experienced Zambesi traveller, who undertook last year to lead 
the Scotch M!ssionary l?ar_ty to Lake Nyas~;· _h~s succee1,ed, 
aiter establishing the m1ss10nary settlement L1vmgsto111a, . at 
the southern end of the lake, in reaching in a -~team-launch ,he 
northern end of this great fresh-water sea, finctrng 1~ to be full_y 
one hundred miles longer than was previously believed .. His 
journey was made in February ?f the present year, and m the 
following month the sLll more imperfectly known lake, ~lbert 
Nyanza, was successfully navigated by two boats under Signor 
Gess i who was despatched for this purpose by Colonel Gordon, 
the Jre1:ent Governor of the n~w Equatorial Pro_vi~1ce of !he 
Khedive's dominions. The details of Signor Gess, s mterestrng 
exploration, communicated by himself to the President of the 
Royal Geographical Society, have only recently reached England; 
and it is proposed to read them m the course of the present 
meeting. . 

A third and £qually important exploration of the szme class 
is that pe~formed during the same early months of the present 

year by that energetic traveller Mr. Stanley. After circumnavi
gating the much larger neighbouring lake, Victoria, a.nd proving 
Speke's much disputed estimate of its dimensions to be approxi
mately correct, he pushed his way across the difficult tract of 
country separating the Victoria and the Albert lakes, reaching 
the shores of the latter in the middle of January. Less fortu
nately situated than Signor Gessi, who embarked on the lake 
two months later, Stanley was unable to launch his boat on the 
then unexplored southern portions of its waters. A comparison 
of the accounts of the two travellers shows that we are yet far 
from knowing the true dimensions of this great sheet of water. 
Signor Gessi in fact did not reach its southern extremity ; and 
as Mr. Stanley appears to have struck its shores at a point about 
thirty miles further south than the limits marked by the Italian 
traveller, the lake must be considerably longer than 140 miles, 
as · estimated by the latter. Stanley subsequently proceeded 
south imd explored the Kitangule river of Speke ; thence striking 
for Lake Tanganyika, the examination of which he intended to 
complete. 

New Guinea has of late attracted some attention both at home 
and in the Australian colonies ; rather, however, from political 
than geographical considerations. Our interest is of course in 
the latter, and J nm glad the meeting will have the advantage 
of the presence of a gentleman, Mr. Octavius Stone, recently 
arrived in England, who has distinguished himself in the ex• 
ploration of the south-eastern shores of this distant, little known, 
and barbarous region; to him we must re(er for the latest geo
graphical facts. 

OUR ASTRONOMICAL COLUMN 
THE CORDOBA" URANOMETRIA."-Dr. Gould has in

formed us, during his flying visit to this country in the 
last week, on his return to Cordoba from the United 
States, that he intends to give his Uran(Jme/ria first and 
undivided attention, with the view to its early publication. 
It contains 8,000 stars to seventh magnitude inclusive, the 
whole estimated by not less than two observers, and often 
by more, each observer making his determination on not 
less than two nights, and often more, all cases of discord
ance between different observers being subsequently exa
mined. The greater number of the stars have been 
ob~erved with the meridian circle, and always in 
cases of doubt as to identification. The m agni tudes 
are intended to be given to o·rm by comparisons 
with previously established standards, on a most care
fully-considered system. The manuscript charts are 
drawn to the scale of a globe of one metre radius, 
and the magnitudes of the stars are represented by 
dots of size proportional to the brilliancy to nearest 
two-tenths of a magnitude. Though this part of the 
work appears to have been completed to Dr. Gould's 
entire satisfaction, he expresses himself much disturbed 
as to the means of reproducing these manuscript charts 
with the necessary accuracy and delicacy ; his hopes of 
success from the use of photography having been thus far 
disappointed. The Uranometria will include every star 
to tht seventh magnitude inclusive, from the south pole of 
the h eavens to ten degrees of north declination. Great 
care has been taken to secure accurate delineation of the 
course of the Milky Way and of the Magellanic Clouds. 

The Zones, another most important work to which 
attention has been directed at Cordoba, are complete ; 
they are 754 in number, and contain 105,000 stars. 

In addition, materials have been obtained for the 
formation of a nurr..erous catalogue of the brighter stars, 
each one observed several times with the meridian circle. 

Dr. Gould is to be congratulated on the extraordinary 
energy he has displayed in his management of the new 
Observatory of the Argentine Republic, and the discri
minating skill with which he has selected and worked his 
subjects of observation, which must undoubtedly result in 
bis leaving a name lastingly associated with the astronomy 
of the southern hemisphere ; and not less is the Govern
ment of that comparatively new country to be honoured 
for the cqnstant and unstinted support they have afforde\l 
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