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THE PROGRESS AND TREND OF SCIENTIFIC INVESTIGATION IN CANADA.

In a society formed to include as far as possible representatives of all branches of literature
and of science, it appears to be most appropriate that the president for the timo being should
devote the address which it is his privilege to deliver, to some specific topie, or to the consideration
of such matters of interest or importance as may lie particalarly in his own line of work or thought.
At the last meeting of the Society, Dr. Bourinot presented a masterly essay under the title of
“ Canada’s Intellectual Strength and Weakness,” dealing principally though not exclusively with the
literary, artistic and political development of the country. It may now be of some interest and
service to supplement this essay by a very general and very brief review of what has been accom-
plished, and what remains to be accomplished in Canada, by various scientific agencies working in the
investigation of the natural features and towards the development of the natural resources of the
country.

We find ourselves possessed in Canada of a country vast in its dimensions, but of which the popu-
lation is as yot comparatively small. If, therefore, we have good reason to believe that the natural
resources of our territory are in any respect commensurate with its area, we may look forward with
confidence to a great future. But in order that this may be realized properly and soon, we must
devote ourselves to the exploration and definition of our latent wealth, and to the solution of the
problems which inevitably arise in the course of its utilization under circumstances which are often
moro or less entirely novel. For this purpose, we are provided at the present day with methods,
appliances and an amount of accumulated knowledge not previously thought of, but which we must
be prepared to enlist in our service if our purpose is to be achieved.

It is unsatisfactory to read, as we often may, the statement that Canada is possessed of ¢ unlim-
ited natural resources,” for such a statement means little more than that we have been unable to
make even a reasonably complete inventory of these resources. In order intelligently to guide the
work of those endeavouring to utilize the benefits given to us by nature in the rough, and to attract
population and capital for this end, it is necessary to be much more specific. It is true that great
regions of Canada still remain very imperfectly or almost altogether unexplored, but we are never-
theless already in a position to form some general estimate of the importance and character of the
products which the country as a whole is best capable of yielding. Thus, in respect to mineral
wealth, I believe we are justified in assuming that Canada is equally rich with any known area of the
earth’s surface of comparable dimensions. So, in regard to products of the sea, these, relatively to
our length of coast line—and this is very great—are probably at least as valuable as those of any other
similar length of coast. Of arable and pastoral land, because of the rigorous climate of the northern
portions of the geographical area of Canada, the extent is not commensurate with that of the country,
but it is practically so great that we may be pardoned if describing it at present as “unlimited.” As
to the natural wealth represented by our forests, it is probably correct to state that Canada is still
:apable of affording more timber than any other country in the northern hemisphere; but of this,
with the constant and increasing drafts upon it, we can already begin to see the end, unless some
effective measures shall be taken, and that soon, towards its conservation and reproduction. We have,
in fact, yet to learn to regard a forest as a special kind of farm, in which, if we do not sow, we cannot
hope to reap perennially.

It is not, however, my purpose to enter into any details respecting the natural wealth of the
country, but rather to point out as briefly as may be what has been done and what still remains to be
accomplished by means of the various scientific organizations and associations of Canada, in aid of the
utilization of these resources, in the mutter of making them known to the world at large, and toward
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the solution of various important questions which lie before us in connection with them. Science is
but another and a convenient name for organized knowledge, and as such it has entered so largely
into every branch of human effort, that when, at the preseni time, any one attempts to pose as a
“practical ” in contradistinction to a scientific worker, he may be known to be a relic of the past age,
in which much was done by rule of thumb and without any real knowledge of the principles involved.
Neither can we safely make any division between what is sometimes called “practical ” or ““applied ”
science and science in general, for the knowledge must be gained before it can be applied, and it is
scarcely yet possible to bar any avenue of research with a placard of “no thoroughfare,” as an assur-
ance that it cannot lead to any material useful end.

At the same time, there are certain directions in which investigation is very closely wedded to
results of immediate and tangible value, and it is practically in such directions that the State may
reasonably be expected to exercise its activity. But the line should not be too rigorously drawn, for
should the investigator for a time stray into some by-path of research, because of his individual
interest in his work, it is not improbable that he may return from his excursion with some unexpected
dixcovery, which may prove to have important bearings on the problems of every-day life. Take, for
example, the study of Palsontology which, relating as it does, to extinct forms of life, might appear
to be a branch of science wholly removed from any practical object, however interesting it may be to
disinter and to reconstruct these remarkable forms. But we all know that this study has become an
indispensable one as an aid to the classification of the rock formations and thus to the search for the
useful minerals which some of these contain. This is more particularly the case perhaps in the
instance of coal beds, which are usually confined in each region to some set of strata, which may be
defined with precision only by the aid of the evidence afforded by fossil remains.

Before going further and entering into the principal subject of my remarks, I should make it
clearly understood that in endeavouring to give some account of the several agencies of scientific
work in Canada, it is my purpose to refer to those only which may be considered as engaged in
widening the borders of knowledge by means of original research, tending more or less directly to
the development of our natural resources and advantages. Thus the very numerous matters in which
science has already been enlisted in every-day service of a routine character will not be alluded to,
neither is it intended to allude to the numerous educational institutions in which a scientific training
is given ; nor is it possible, within the limits by which I must be bounded, to note the results which
have accrued from the individual labours of scientific workers throughout the country, though in
many cases these have been of the most creditable and important character.

THE GEOLOGICAL SURVEY.!

This may be said to be the senior or doyen among the scientific efforts of the Canadian Govern-
ment, for although the Magnetic Observatory had been established some years earlier in Toronto,
it did not till long afterwards come under the control of the government of Canada.

The first effort made toward the establishment of a Geological Survey in Canada, appears in a
petition addressed to the House of Assembly of Upper Canada in 1832, by Dr. Rae. Nothing,
however, came of this or of several other attempts of the same kind, till in the first united Parliament
of Upper and Lower Canada, in 1841, the Natural History Society of Montreal and the Historical
Society of Quebec joined in urging the matter upon the government, with the result that the modest
sum of £1,500 sterling was granted for the purpose of beginning such a survey.

The selection of a geologist was referred to the Secretary of State for the Colonies, by Sir Charles
Bagot, the governor, and on the recommendation of the best known geologists of the day in England,
Logan, afterwards so well known as Sir William Logan, was appointed. Born in Montreal in 1798,
he was at the time forty-four years of age, and his admirable work in the survey of the South Wales

1 Most of the notes here given relating to the early history of the Geological Survey are derived from Dr. B. J.
Harrington’s life of 8ir William Logan, Montreal, 1883.
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coal fields, had attracted the attention of Sir Henry De la Beche, under whose auspices the Geological
Survey of Great Britain had lately been inaugurated. In 1843, Logan entered upon his new duties,
with the greatest possible zeal, and for more than twenty-five years the history of the Survey and
that of its director were the same.

It must be remembered that at this time the utility of geological surveys had only begun to be
generally recognized, and the Survey of Great Britain, which became the parent and model of so many
others, was scarcely twelve years old.

It is not my purpose to follow, even in outline, the story of the progress and results of this
Survey; but as it has very recently celebrated the fiftieth anniversary of its foundation, it may be
useful to refer to some matters connected with its work which early impressed themselves upon its
first director, several of which still retain the importance they had at that time.

In 1854, a select committee of the legislature was appointed to investigate the working of the
Survey. Ample evidence was produced of its utility within the limits possible with the small amount
of money granted, and so thoroughly were the members of the committee satisfied on this point that
they recommended the provision of greatly increased facilities for the enterprise.

" When before the committee, Logan was asked what the principal difficulties he had met with
were; he replied: “Independently of those unavoidably incident to travelling in canoes up shallow
“rivers, or on foot through the forest, are those arising from the want of a good topographical map
“of the country. Accurate topography is the basis of accurate geology.” In answer to other ques-

tions relating to the connection between the ‘“scientific’” and the “ practical” results of the Geological
Survey, he adduced a number of instances showing this connection which had already occurred in the
course of the work then done, and added: “The object of the survey is to ascertain the mineral
‘“ resources of the country, and this is kept steadily in view. Whatever new scientific facts have re-
“gulted from it, have come out in the course of what I conceive to be economic researches carried
“on in what I conceive to be a scientific way.”

Unfortunately the complaint made at this time in regard to the want of trustworthy topogra-
phical maps still holds, and this want yet constitutes an important obstacle, even in some parts of the
country which have long been inhabited and are thickly peopled. ~ Unfortunately too, there are still
to be found, even in these days of popular education, those who call aloud for ¢ practical results ”
without appreciating the necessary concurrent or antecedent stages of scientific investigation by
means of which such results may be attained, or the way of attaining which is thus evidenced and
made plain.

To take a very recent instance of what I mean, allusion may be made to the present conditions
in the region about Rainy Lake, in western Ontario. It had long been known to geologists that
among the Archman or oldest rocks of the eastern part of Canada, those of the Huronian system are
often found to contain metalliferous deposits of value. No such deposits had been found in this
particular region, but several years ago its rocks were carefully mapped out. ~ Within the last few
months veins of gold-bearing quartz have been discovered in these rocks, and hundreds of prospectors
are flocking to the district, while the Geological Survey is besieged for copies of the map, by which
the researches of the miner may be guided. Meanwhile, the Survey is at work elsewhere in preparing
similar maps, and though it is not always possible to be, as in this instance, in advance of the pros-
pector, he may at least in most cases be followed up pretty closely.

At about the time at which the committee of inquiry above referred to was constituted, Logan had
been pressed to accept a geological appointment under the government of India, but fortunately for
Canada and for the continuity of its Geological Survey, he declined the appointment. ~ Writing to his
friend, De la Beche, on this matter, he says: “ Just look at Arrowsmith'’s little map of British North
America, dedicated to the Hudson’s Bay Company, published in 1842. * * * You will see that Canada
comprises but a small part of it. Then examine the great rivers and lakes which water the interior
between that American Baltic, Hudson’s Bay, and the Pacific Ocean—some of the rivers as great as
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the St. Lawrence, and some of the lakes nearly as large as our Canadian internal seas, with a climate,
as [ am informed, gradually improving as you go westward, and becoming delightful on the Pacific.
It will be a great country hereafter. But who knows anything of its geology ? ~ Well, I have a sort
of presentiment that I shall yet, if I live long enough, be employed by the British Government, under
the Survey you direct, to examine as much of it as T can, and that I am here in Canada only learning
my lesson, as it were, in preparation.”” He then states that he had been informed of the existence of
coal in the Saskatchewan territory and Oregon, adding: “In Oregon the value of coal for the supply
of steamers protecting and connected with our new Chinese trade will perhaps soon be felt, and it
might be an item worthy of the attention of the British Government in any settlement of the Oregon
question with the Americans. When the British Government gave up the Michigan territory at the
end of the last American war, with as little concern as if it had been so much bare granite, I dare say
they were not aware that 12,000 square miles of coal field existed in the heart of it.”

This it will be remembered was written as long ago as 1845, and what Logan then foresaw has
since come to pass, though not precisely in the manner he anticipated. Some years later (1851) Sir
John Richardson, after his journey through the northern part of the continent in search of Franklin,
was still able to write thus:

“ Beyond Lake Winnipeg no geologist has yet penetrated and the descriptions of the rocks
occurring within the space of twenty degrees of latitude that lie to the novth of that sheet of water
are, with all their imperfections, entirely my own. It would be true economy in the Imperial Govern-
ment, or in the Hudson’s Bay Company, who are the virtual sovereigns of the vast territory which
spreads northwards from Lake Superior, to ascertain without delay the mineral treasures it contains.
I have little doubt of many of the accessible districts abounding in metallic wealth of far greater
value than all the returns which the fur trade will ever yield.! ”

Following Richardson, the first fruits of geological exploration in the western part of the
Dominion, were gathered by Dr. (now Sir James) Hector, attached to the British North American
Exploring Expedition in 1857 to 1860, by Professor Hind, despatched by the Canadian Government
in connection with the Assiniboine and Saskatchewan Exploring Expedition in 1858, and by the North
American Boundary Commission, with which I had the honour to be associated, in 1873 and 1874.
But at about the same time with the work of the last mentioned expedition, the investigations of the
Canadian Geological Survey were extended to the Northwest Territories, and Logan (who had then
retired from the directorship of the Survey) had at least the satisfaction of seeing before his death,
which occurred soon after, the initiation, under the auspices of the Survey which he may be said to
have created, of the work which he had outlined so many years previously and had then hopcd to
have himself taken part in.

This work has since been continued, with results which may be stated without contradiction to
have been of great importance to the settlement of the country and to the development of railways
in it.

The extension of the work of the Geological Survey above alluded to, followed naturally from the
confederation of the various parts of British North America, It was no longer limited to Upper and
Lower Canada, but spread to the maritime provinces in the east and over a truly vast area to the
west and north.

The general nature of the objects to be attained by the Geological Survey, as originally ¢ontem-
plated, were set out as follows in Logan’s own words, incorporated in the act of 1845: To make an
accurate and complete geological survey of the province, and furnish a full and scientific description
of the rocks, soils and minerals, which shall be accompanied with proper maps, diagrams and drawings,
together with a collection of specimens to illustrate the same; which maps, diagrams, drawings and spe-
cimens shall be deposited in some suitable place, which the Governor-General in Council shall appoint,

! Arctic searching expedition ; a Journal of aboat voyage through Rupert’s Land and the Arctic Sea. London,

1851.
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and shall serve as a provincial collection. Any duplicates of the same, after they have served the pur-
poses of the Survey, shall be deposited in such literary and educational institutions of the eastern and
western divisions of the province as by the same authority shall be deemed most advantageous.”

The later act under which the Geological Survey is now carried on, specifies the nature of its
operations in somewhat greater detail, but the general lines thus originally laid down have not
changed, although the scope of its operations has, from the very necessities of the case, gradually
enlarged. The investigators in the field found themselves everywhere in contact with the flora, the
fauna, the climatic conditions and the native races, and, particularly in the less known regions where
all these presented new features and where no other scientific agencies were at work, it did not
behoove really intelligent observers to omit to record and, in so far as possible, to study these subjects
when opportunity offered. Thus, botany and, to some extent also, zoology have become auxiliary
branches of the work of the Survey, and in both subjects much useful work has already been done,
while facts relating to ethnology, meteorology and other similar subjocts are contained in appendices
to many of the published reports. The statistical returns of mines and minerals have also of late
years been given a prominent place; and from the very first, much geographical and topographical
work has been unavoidably assumed by the explorers.

The field work of the Geological Survey necessarily began with exploratory trips in which the
main features to be dealt with, in a country almost entirely unknown geologically, were ascertained.
In many parts even of the older provinces such explorations are still requisite, but in most of these
provinces it became possible after a time to proceed with the more systematic mapping of definite
areas, the map-sheets produced forming parts of a connected whole. When the great western regions
were added to the field, these could only be attacked by extended exploratory journeys in which
geology and geography went hand in hand. As it is now, the field work of the Survey may be divided
under three classes : — (1) Reconnaissance surveys. (2). The approximate mapping of large areas
on a small scale. (3). Finished map-sheets on a larger scale and forming continuous series. All these
three classes of work are in progress concurrently in different districts, while the auxiliary chemical,
paleontological and lithological investigations in the office are kept in touch with the field work and
render it possible to bring this together in a homogeneous form. Woere there in existence any com-
plete topographical maps of Canada, approaching in accuracy to those which have been made in older
countries, much more geological work could be accomplished with a given amount of money and in a
given time, and thus the construction of such maps must be stated yet to be, as it has been from the
beginning of the Survey, one of the principal desiderata. There is, however, one other matter which
at the present moment must be regarded as even more urgent, and one which might be attained
within a short time and at a relatively small cost. This is the construction of a suitable and safe
museum building for the preservation and display of the important collection which has grown up as
the result of so many years of investigation. This collection is not merely a matter of record, closely
connected with all the publications of the Survey, but it is fitted to become also a great educational—
and I may add—a great advertising medium in regard to the mineral resources of the country. With
proper accommodation its utility could be vastly increased for all purposes.

Nothing can be adduced which is more creditable to the system of government in Canada, than
the quietly persistent and uninterrupted support accorded to the Geological Survey by every political
party, but it remains to provide such a museum building and centre for the work as that of which I
have spoken, and it may be confidently asserted that nothing would be more favourably received by
the general public. This museum should be of a national character, and there is every reason to hope
that when it is undertaken, its plan will include provision for all the valuable collections which have
been or may be made by the several government departments, so that it may form in effect a repre-
sentation of the resources, the history and the various lines of activity of the whole country.

It is sometimes asked: When will the work of the Geological Survey be completed ? To such
a question one can only reply, that so long as mining or industrial operations dependent upon the
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minerals and rocks of the country continue, the work of some such department as the Geological
Survey will never be quite completed. We may, it is true, look forward to a time when all accessible
parts of the country will be geologically examined and mapped, when the expenditure on this work
may be relatively diminished ; but in a region so vast as the Dominion of Canada, this time lies in
the distant future. I have already spoken of ¢ finished maps,” but in doing so I employ a relative
term. The maps so described vary much in their amount of detail and accuracy, not only as between
themselves but also in different parts of a single sheet. As settlement progresses and as new sources
of mineral wealth are discovered, it will become possible and necessary to add largely to the detail
and accuracy of many of these maps. But apart from this primary condition it will always be
requisite to place on record and keep up to date, for public use and reference, the developments made
in the mining and utilization of mineral products and to point out in the case of new discoveries, in
the light of our knowledge of the geological structure of the country, where and in what manner
further developments of the same kind may reasonably be anticipated.

METEOROLOGICAL SERVIOCE AND MAGNETIO OBSERVATORY.

Although I have stated that the Geological Survey was the first scientific branch of the Govern-
ment service established by Canada, it must be noted that several years previous to its inception the
Magnetic Observatory had been founded at Toronto. This, however, was not at that time under the
control of the Canadian Government, but had been originated and was supported for many years by
the Imperial Government. It was established as the result of representations made by the British
Association for the Advancement of Science, at its meeting in Newcastle in 1838, acting in conjunction
with the Royal Society of England, and as a part of a system of magnetic research on sea and in the
colonial possessions of Great Britain.

The observations were actually begun, under Lieutenant C. J. B. Riddell of the Royal Artillery,
with three non-commissioned officers of the same force, in 1839. Toronto had been selected as the ‘best
place for the observatory, and for a time the observations were conducted in a barrack situated in
what then represented the city of Toronto; but in the next year, a log building was erected as an
observatory on the site still occupied, a grant of two acres and a half of land having been accorded for
the purpose by the University of King’s College, now the University of Toronto. The first director
was succeeded by Lieut. Lefroy, R. A., afterwards so well known as General Sir J, H. Lefroy, for his
various scientific researches. From its foundation, up to 1853, the expense of maintenance of this
observatory was defrayed by the Imperial Government, after which it was supported by the United
Provinces of Canada, till at the time of confederation it passed under the charge of the Dominion
Government.

Meteorological observations had been made concurrently with those relating to magnetism, from
the time of the establishment of the observatory ; but it was not until 1871 that the Canadian Govern-
ment first made a grant of $5,000 for a meteorological service. Prof. G. T. Kingston, who had been
appointed director of the Magnetic Observatory in 1855, was an enthusiast in meteorology, and in
1869 he had succeeded in establishing a voluntary meteorological association among a number of
amateur observers in Canada. In 1871, in conjunction with Dr. Smallwood, who had long maintained
weather observations in the vicinity of Montreal, he represented the importance of the work to the
Dominion Government with such force, that the initial grant above referred to was made in favour
of the work. Communication was then had with the United States Signal Service, which had been
established a few years previously, and a system of exchange of telegraphic weather reports was
arranged for.

Professor Kingston’s first report on the work, published in 1872,—a model of concise statement,
—shows how clearly he had, even at that time, the proper constitution and future lines of develop-
ment of the meteorological service mapped out before him. He then had one hundred and twenty-
three stations in Canada and two in Newfoundland in communication with him.
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In 1876, the issue of daily weather forecasts and storm warnings was begun, and since that time
these have become so much a part of the every-day life of the country, that it is unnecessary to enter
into any explanation of their character or to present any plea in their favour. They are equally
important and necessary to the farmer as to the navigator, and ave, in addition, of value in a hundred
other ways.

In 1880, owing to failing health, Professor Kingston retired, and was then succeeded by the pre-
sent director, Mr. Carpmael, under whose control the service has grown, till there are at the present
time over four hundred stations in Canada reporting to the central office, of which twenty-nine make
daily telegraphic reports, useful primarily in affording data for the weather forecasts, The meteoro-
logical service thus developed naturally from the Magnetic Observatory, and both have become merged
in a common organization, the growth of the meteorological work now perhaps overshadowing the
original magnetic purpose of the observatory in its immediate interest, though the importance of
the magnetic observations has never been lost sight of.

In Professor Kingston's first report, already alluded to, he specifies three matters, which, as he
says, though unconnected with the subject of the report, by reason of their importance ¢ justify my
introducing them to your notice.” These are as follows :

1. Arrangements for giving the correct local time throughout the Dominion.

2. The determination of the latitudes and longitudes of places.

3. The rectification of the magnetic charts of British North America, and more particularly the
correct determination of the isogonic lines or lines of equal magnetic declination.

[ mention these desiderata here for the purpose of stating in how far they have since been sup-
plied. The first item has now, largely in consequence of the development of telegraphs and railway
lines, been pretty satisfactorily covered. It has been greatly facilitated by the system of stand-
ard time, which one of our members, Mr. Sandford Fleming, C.M.G., has been so largely connccted
with bringing into employment.

The determination of latitudes and longitudes yet remains to be fully accomplished. Much
accurate work of this kind has been done in connection with the Dominion land surveys in the far
west, but many large towns in the eastern provinces, not to mention places of smaller importance,
are still laid down on the map only approximately and with large possible errors. The longitude of
Montreal has long been that most accurately fixed, this having been done by telegraphic comparisons
between the observatories of MeGill and Harvard universities ; but the methods of effecting such com-
parisons have, of late years, been so much improved, that it became eminently desirable to effect a
new determination based directly upon the initial meridian of Greenwich. The Royal Society of
Canada has been largely instrumental in bringing this about, and in securing the co-operation of the
Royal Observatory, the Admiralty, and the Department of Marine of Canada for this purpose. The
requisite observations have since been carried out, and it remains only to complete the reduction of
the observations to establish the result. We have thus now, in the observatory of McGill Univer-
sity in Montreal, an excellent point of reference for the exact determination of all other longitudes in
Canada.

Respecting ma
observations of precision have been made, particularly in the west, no systematic attempt at a

gnetic charts of the Dominion, much also remains to be done, for though scattered
magnetic survey has been undertaken since that accomplished in an extended journey through the
northern parts of the country in 1842 and 1843, by Sir J. H. Lefroy. It is well to remember that the
magnetic pole itself is situated within the limits of Canada, and tbat problems of the greatest import-
ance, both frem a purely scientific and from a practical point of view call for solution by a systematic
study of its secular movement as well as of any changes in intensity and dip by which this may be
accompanied. These are all strictly domestic problems and they should not be left for solution to
enterprise from abroad. i

In regard to further requirements in connection with the meteorological service, it is of course
much to be desired that the number of stations, and particularly that of those reporting telegraphi-
Proc., 1894. =B
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cally to the central office, may be increased, for all suzh increasc means greafer precision and a longer
reach in time for the weather forecasts. There is another matter, however, to which the director of
this service has called attention on several occasions, namely, greater facilities for the reduction of
the observations and a special appropriation for the production of a climatology of Canada to be
based upon such reductions. Such a work would be of essential service from an educational point of
view and as a record to date of the great mass of observations on the climste of the country which
have now accumulated.

Dominton LANDS SURVEY.

Next in order in regard to the date of its inception is the Dominion lands survey, with a history
not nearly so long as that of the organizations already noticed, but which has already accomplished a
great amount of valuable work,

In 1869, it became evident that some convenient and accurate method must be adopted for the
subdivision into farm holdings of the great western country, which had then recently come under
the control of the Dominion. The late Lieut.-Col. Dennis, was intrusted with the duty of devising a
plan of operations, and although the scheme at that time elaborated by him was subsequently consid-
erably modified, the basis upon which it was drawn up has remained substantially unchanged. While
the primary objects of this survey may be described as cadastral, it must be classed as a survey of a
distinetly scientific character, by reason of the great tract of country over which it has extended, and
the accuracy and refinement of the methods employed, as well as because of its later developments in
various directions and the great body of trustworthy observations on the general character of the
country which have been brought together by its means.

The actual work of surveying can scarcely be said to have begun until 1871, in which year also
the first edition of a Manual of Surveys, explaining and affording the requisite data for the methods
to be employed, was published. These were primarily, the establishment of a number of *prin-
cipal meridians,” crossed at certain intervals by lines known as ¢ baselines” and ¢ correction-
lines,”—the whole forming the skeleton for the division into rectangular townships, sections and
quarter-sections. Upon the “ correction lines ” the ¢ jog” resulting from tle convergence of merid-
ians was allowed for, and methods of check were established intended to insure the greatest accuracy
in the whole of the work.

In 1874 and 1875, a system of triangulation was undertaken, under the immediate superinten-
dence of Mr. Lindsay Russell, by which it was proposed to establish the ruling points of the entire
survey, beginning at an initial point near the Red River; but owing to virious causes, this was not
continued much beyond the 102nd meridian. Since 1875 the ruling points of the survey have been
established astronomically, and telegraphically.

Until 1884, this system of surveys had been confined to Manitoba and tie Northwest Territories,
where a great extent of country had already been covered, but in that year work was extended to the
so-called ¢ Railway belt” in British Columbia. This was continued and telegraphic determinations of
longitude were made in British Columbia and in the Northwest Territories in 1885 and 1886.

In 1886, also, topographical surveys of the western mountainous region were begun, which have
since covered considerable tracts of country. In the following year, the photo-topographical method
of survey was introduced in connection with this branch of the work, and ttough much has been said
for and against this particular method, it must be admitted that under the drection of Capt. Deville,
the surveyor-general, it has accomplished excellent results in practice, anc has been developed into
a method of precision, and upon a scale not heretofore considered possible.

No detailed mention is here called for of the continued progress from year to year of the ordinary
work of the Dominion lands survey; although it may be affirmed, that no region comparable in

size to that over which its operations have extended has ever before been so expeditiously and so

accurately surveyed for purposes of settlement. But the work still to le accomplished and the
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requisite expansion of the aclivity of this survey or some even more comprehensive one which may
grow out of it, is still very great. While the methods heretofore employed may be described as next
best to those of a trigonemetrical survey, it is the experience of other countries that such a survey is
essential as a basis for the complete geographical delineation of any great arca. The topographical
work proper, embracing hypsometric determinations and leading to the production of contoured maps,
an only be considered as begun, while the demand for such maps is yearly becoming greater, not
only in the Rocky Mountain region, where mining and other operations are extending in advance of
the geographer, but also on the great plains and in the foothills, where schemes of irrigation are
already being discussed, for which maps of this kind, together with accurate determinations of the
volume of water carried by the rivers and streams, are absolutely necessary.

So far, I have spoken only of the western lands which are under the direct control of the
Dominion Government. It mast not be forgotten that the actual state of the geographical delinea-
tion of the older provine:s leaves much to be desired. Many parts of these were surveyed during the
arly history of the country by methods which would now be regarded as extremely primitive, while
no such thing as a topographical map, properly so called, exists for any considerable tract in any of
these proviuces; although some approximations to such maps have had to be attempted in certain
districts by the Geological Survey, for its own purposes. It is possible only to form an adequate idea
of the complicated inaccuracies of the older land surveys, when an attempt is made to combine them
into coherent maps of large areas.

[t is therefore now most desirable that some system of survey of a general kind, based upon
modern and accurate methods, should be extended throughout the Dominion. Exactly what form
such a system should tike or under what auspices it should be carried out, I do not venture to
suggest; but it is clear tiat something in the nature of an established geodetic survey must be ranked

as among the requirements of the immediate future.

EXPERIMENTAL FARMS,

This branch of the »ublic service was established as the vesult of the recommendation of a select
committee of the House of Commons appointed in 1884 to inquire into the best means of encouraging
and developing the agiicultural resources of Canada. Mr. G. A. Gigault wus chairman of this
committee, and in 1886, in consequence of the cfforts of Sir John Carling, then minister of agricul-
ture, the “Experimenta. Farm System Act” was passed, and the organization of the work began in
the same year.

It. is thus only about seven years since the initial steps in this new scientific enterprise of the
government were taken, but in that time, thanks to the energy and ability of the director and staff’ of
the farms, great progress has been made, and the way has been opened in many directions for still
further usefulness. Besides the central farm at Ottawa, which was first undertaken, branch farms
have been established for the Maritime Provinces, Manitoba and the Northwest Territories and

Jritish Columbia.

If any line can be drawn between that which may be described as strictly practical and that
which may be called puely scientific work, it will be found to run through the centre of the field of
operations of the Expermental Farms. An inspection of the reports already published will show
that the work con~ists largely of snbmitting actual observations in the field to scientific tests, and in
the application in turn of the best results of scientific knowledge to matters of every-day importance
on every farm throughott the land.

It is, however, from the side of original scientific investigations, rather than from that of applied
science, that I am regard ng the work carricd on by the government at the present moment, and from

this point of view, the folowing may perhaps be sclected for mention from among the many lines of

work undertaken in thigservice :—
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One of these is the origination of new crosses or hybrids of cereals, fruits, and other useful plants
to meet the requirements of the varied climates and conditions of different parts of Canada. Special
attention is drawn to the impcrtance of these experiments by the director of the farms, who states
that a large number of such new forms are already under cultivation and observation. Their
importance will be obvious to any one who considers, in view of the great area over which any crop
may be grown, how great a financial benefit must acerue to the farmer if he is placed in possession of
a variety of grain capable of producing any substantial increase of yield to the acre. Even in the
ase of fodder plants, the introduction of a new variety capable of producing a larger yield of hay or
ensilage to a given area, means, in conerete form, that the farmer may be able to keep and to market
a proportionally greater number of cattle than may before have been possible.

Other branches of the work involving much original research are :—the investigation, by chemical
analysis, of soils, in their relation to fertilizers,and of grains, grasses, fodder plants and other products
of the farm, by which a fundamental knowledge of their respective value and of the best and most
profitable methods of their treatment may be arrived at and the study of insects and parasitic plants
injurious or benoficial to vegetation and to stock, such as to enable the pests of the agriculturist to be
combatted either by mothods which may be classed as direct or by means which are indirect. The latter
implies a study of the life-history of the forms to be dealt with, including not only those which are
native to the country, but those also which may be from time to time introduced, such as the
Colorado Potato Beetle, the Horn Fly and many others. It includes also the study of the best
means of counteracting the attacks by all those lower forms of vegetation, known as rust, smut,
mould or mildew, which prey upon the plants which are the special care of the farmer.

Even in connection with the familiar and almost world old operations of butter and cheese
making, the results of purely scientific investigations are now being proved to have a great
importance. I do not refer merely to the best mechanical methods of dealing with the milk from
which these are made, but particularly to the fact that the nature of the vegetable ferments which act
upon this milk and upon the cheese, after it has been produced, are now known to give character to
the product. That is to say, the effect of inoculation of the mass with some particular species of
forments is favourable, while the prescnce of others is deleterious. Thus the results obtained in the
whole field of bacteriology are being made coutributory to the success of the dairy. Already in
Denmark ¢ pure cultures” of certain kinds of ferments are beginning to be regarded as necessary to
the success of the butter maker, and essays of a similar kind arc actually in progress here.

It is not possible to refer in detail to the numerous experiments and tests, completed or in
progress, of varieties of plants and animals which may be already well known, but of which it is
desirable to ascertain those best suited to the actual circumstances of the country. Nor is it possible
to enter into questions such as the tests of fertilizers, the testing of the vitality of seeds, or the
propagation of trces suited for planting on the plains of the Northwest. Though a part of the useful
work of the farms, these do not imply original research in the same measure with those subjects
already alluded to. Neither can I at this time refer to the methods adopted of making the information
gained available to the public, such as the publication of special bulletins and reports of progress, the
distribution of samples of seed grain (which in 1892 reached the number of 30,000) and of young trees
for plantations. All these are obviously the necessary outcome of the work done on the farms. It

is in addition most important by such means to make known throughout Canada the results which

have already, or may from time to time be reached by experiments conducted by similar institutions
in the United States or elsewhere, raany of which are equally applicable here.

In his report for 1892, the Secretary of Agriculture of the United States writes with reference to
the similar work carried on by his department: “The National Government has taken, as it were, a
contract with the farmers, and to carry it out cfficiently this department must be prepared to answer
all reasonable expectations in bringing into the service of agriculture all that science, whether in this

country or in any other country upon the globe, has been able to evolve for its benefit,”
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This exprossion may serve as a general indication of the scope of the work lying before the
Experimental Farms, but in order to show more clearly into how many branches this work may
ultimately divide itself, it may further be noted that in the volume just alluded to reports are
contained from the chief of a bureau of animal industry, a chemist, an entomologist, an ornithologist,
a mammalogist, a botanist, a chief of division of pathology, a pomologist, a microscopist, a chief of
division of forestry, a special agent in charge of fibre investigations and a chief of seed division,
besides executive and some other special reports. All these lines of investigation and more, are
equally important to the agricultural industry in Canada, and while it may no doubt be some time
before the area to be covered can be divided under so many separate heads, it will obviously conduce to
the value of the results to place each branch of the work as far as possible in the hands of some
trained specialist.

Before concluding this brief review of the several branches of scientific research or work carried
on by the government, allusion must be made to several comparatively late undertakings of this
nature begun under the auspices of the Department of Marine and Fisheries.

Under the name of the ¢ Georgian Bay Survey,” a hydrographic survey of the Canadian portion
of the Great Lakes was begun in 1883, and several excellent charts of the northern part of Lake
Huron have already been published. The outline of the northern shores of the Great Lakes had up
to this time depended on old surveys by Admiral Bayfield, which, though exceedingly good as
reconnaissance work, have long ceased to be up to the requirements of the increased and increasing
navigation of these waters. As many parts of our sea coasts, both on the Atlantic and Pacific side,
should now also be recharted and more accurately laid down, it is to be hoped that this hydrographic
survey may be continued and extended. .An able plea for the establishment of a regular hydrographie
survey was, it will be remembered, laid before this Society by Prof. Johnson at the last meeting.

When the British Association for the Advancement of Science met in Montreal in 1884, a com-
mittee of that body which had for many years been engaged on tidal determinations, interested itself
in the extension of such observations to Canadian waters, and a joint committee of the Associa-
tion and of the Royal Sociely of Canada was formed, by which the importance of such observations,
made systematically and with modern appliances of accuracy, was urged upon the government. In
1890, a beginning was made in this work, and provision has since been made for its continuation and
extension. 'The carrying out of such tidal and current observations cannot fail in the near future to
produce practical vesults of the greatest importance to shipping, particularly in the gulf of St.
Lawrence, where a want of proper knowledge of the currents has already often led to great loss. The
investigation is essentially a scientific one, involving questions of considerable intricacy, but its
outcome should be the formulation of plain and definite rules which may serve as a guide to the
navigator,

Another promising departure is the initiation of a scientific study of that most important element
in the wealth of the country, the fisheries. Much has already been done in Canada in the matter of
the propagation of food fishes, but much yet remains to be done in investigating the conditions of the
fisheries of both salt and fresh waters, and it may now be anticipated that before many years an
important basis of fact will have been built up upon this subject.

So far, I have spoken chiefly of the scientific enterprises under the control of the general gov-
ernment, but it must not be omitted to mention that several at least of the provincial governments
have contributed their share towards the encouragement of scientific research. This has been done
very often by according annual grants to the local scientific societies, and in Nova Scotia and in
British Columbia by the initiation of provincial museums. It is to be hoped that none of the prov-
inces will long remain without such a museum. Again, ifi several of the provinces mining depart-
ments exist, which though chiefly occupied with economic details and statistics, occasionally afford

some contribution to the scientific basis upon which all such work must rest.
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A few words may now be added respecting the various scientific societies and associations
throughout the Dominion. Most, if not all of these have, since the organization of the Royal Society
of Canada, entered into affiliation with it, and send each year to our meetings some representative
authorized to speak in the name of his socioty. This fact, with the circumstance that the very inter-
esting annual summaries of progress made on the part of these societies appear in full in our ¢ Trans
actions,” render it unnecessary to do much more than mention the names of the several societies,
for in these statements each has very well told its own story. In so doing I refer, of course, to those
only which interest themselves in natural science, as distinguished from literature and history.

The three oldest Canadian societies of a scientific kind are the Literary and Historical Society
of Quebec, the Natural History Society of Montreal and the Canadian Institute of Toronto. It is
perhaps not strange that these societies were founded in the order above given, which corresponds
with the order in date of origin of the cities in which they are situated.

The Literary and Historical Society of Quebec dates from the year 1823, when it was founded
at the instance of Liord Dalhousie, then governor. The name of this society does not indicate the
fact that in its transactions are to be found many important scientific papers, a fact which enables me
to include it for consideration in the presentaddress. The Natural History Society of Montreal closely
follows the last in the date of its organization, having been incorporated in 1833. The Canadian
Institute of Toronto comes next, having been incorporated under a royal charter in 1851.

These three veteran societies of Canada have almost from the first published their proceedings
or transactions, and the volumes thus accumulated now form a small library by themselves, and are—
particularly in the case of the two societies last mentioned—replete with information on the natural
history and natural resources of the country, and absolutely indispensable as works of reference to
the Canadian investigators of the present day. Kach of these societies has accumulated and continues
to maintain a valuable museum.

The Entomological Society of Ontario, thongh much later in origin, dating from 1862 only, may
next be alluded to. In 1868, it began the publication of the ¢ Canadian Entomologist,” which remained
for some years thereafter the only publication in America devoted cntirely to the science of ento-
mology. This journal is notable for the amount of original investigation which has appeared in it,
both of a purely scientific and of a strictly economic character. Its excellence has been freely acknow-
ledged both in Canada and abroad, and the membership of the society is large and exceptionally
active. The Literary and Scientific Society of Ottawa was incorporated in 1869, arising then from
the fusion of an older Natural History Society with a Mechanics Institute. Since that time it has
had a career of uninterrupted usefulness, although it publishes no account of its proceedings. The
Ottawa Field Naturalists’ Club was founded in 1880. It at first interested itself in purvely local nat-
ural history, but has latterly achieved a wider scope, welcoming all scientific papers relating to
Canada and publishing a monthly journal. The Hamilton Association for the Promotion of Litera-
ture and Science (dating from 1857) and the Murchison Society of Belleville are two other active
scientific organizations in the province of Ontario, the first-named issuing a very creditable journal,
in connection with which it may be noted that McElwraith’s book on the Birds of Ontario found a
means of publication. In the province of Quebec, we have in addition to the two socicties already
named, the Geographical Society of Quebec (incorporated in 1874) and the Montreal Microscopical
Society.

In Nova Scotia, we find the Nova Scotian Institute of Natural Science, organized in 1862, as a
result of the effort made to represent the province fitly at the London International Exhibition of
that year. It has since published a number of volumes of its transactions, well and widely known. In
New Brunswick the Natural History Society of New Brunswick, established in 1862, has since 1882
published bulletins, which excel in respect to the proportion of original work represented by them.

The Historical and Scientific Society of Manitoba organized in 1879, has since produced good
work, and has published much of interest in the form of bulletins ; while in British Columbia, we
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find the Natural History Society of that province (founded in 1890) with which several able natural-
ists are associated, working in conjunction with the provincial museum, and publishing results of
exceptional value on the fauna of that comparatively new field.

[n concluding this list, which may possibly not be an absolutely complete one, mention must be
made of the Botanical Club of Canada, an organization which grew out of a recommendation made
by Section LV. of the Royal Society of Canada and which by the c ympilation and publication of local
lists of plants, based upon the collections of its members, is contributing toward a complete knowledge
of the geographical distribution of our flora.

I regret that it is not possible on this occasion to mention, even by enumeration, the many indivi-
dual workers in geology, zoology and botany, who as amateurs and without any public support, have
devoted themselves to the study of various branches of natural science in Canada. The names of these
private investigators would form a long and very honourable list. They may be found of constant
occurrence in the transactions of the learned societies just referred to, as well as in those of the
Royal Society of Canada and no inconsiderable part of our actual knowledge has resulted from their
efforts.

The Royal Society of Canada at the time of its organization in 1882, at the instance of the
Marquess of Lorne, had set before it a number of objects. It was intended to constitute a bond of
connection between the heretofore scattered workers in literature and science in Canada and a mode
of association between the various societies already existing for the furtherance of those objects. It
was intended also to afford a suitable means of publication for scientific, literary, or historical work,
not necessarily confined to that accomplished by its members. It was to promote original research
in these fields, and it was understood that its advice and assistance would be at all times at the dis-
posal of the government for the solution of problems which might from time to time arise.

The Society has now been in existence twelve years, and has been consistently aided in its work
by the government, by means of an annual grant toward publication and in other ways. It may
therefore be well to inquire in how far the field of activity originally mapped out for it has now been
covered. It has, I believe, been successful in forming a rallying point for scientific and literary
workers throughout the country, and in bringing about a spirit of fraternity and of mutual interest
and co-operation, not only among individuals but between the various societies and asrociations,
whose representatives form an important element in our annual meetings In respect to publication,
the Society, I conceive, has achieved at least an equal measure of success. The eleven handsome
volumes of ¢ Transactions,” including not only memoirs and special treatises by the members of the
Society, but contributions from other workers who have been glad to avail themselves of this medium,
contain a great mass of valuable matter, much of which could not otherwise have been published satis-
factorily in Canada, and some of which would undoubtedly, under other circumstances, have found
publicity through scattered scientific journals abroad. The publications of the Society have now in
fact become an indispensable part of every scientific library, and care has been taken that they shall
be so distributed as to be generally .available. It may, I think, be claimed that they are a credit to
the country.

The encouragement of original research has also already followed to some extent from the organ-
ization of the Royal Society, but chiefly in an indirect way and largely by means of the facilities
afforded by its publications. We have as yet no funds (as the Royal Society of England has, both in
the form of government grant and in that of private benefactions) directly at the <’ii.~‘pos:11 of the
Society for purposes of original research. These, it is to be hoped, will come in time. A valuable
and exhaustive report was, it will be remembered, made by a committee of the Society in 1885, which
dealt chiefly with the benefit likely to accrue from the establishment of fellowships or foundations in
(‘unnovli(mv\\'ilh universities, by the aid of which students might be enabled to engage in original
investigations. . =

Respecting that aspect of the functions of the Society in which it is contemplated as an auxiliary
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to the scientific efforts of the government, much remains to be developed. The Society has from
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time to time, by means of deputations or memorials, drawn the attention of the government to
matters which appeared to it to possess especial importance. These have generally been of a char-
acter such as to require some expenditure on the part of the government, but they have in all cases
been favourably received, and in some instances have already been acted upon. This has been the
:ase in respect to the tidal surveys, and the determination of the longitude of Montreal, both already
referred to. At least one matter of importance which has constantly been before the Society since
its organization has, however, not yet achieved any practical recognition, — this is the establishment
of a National Museum to which I have already alluded. But the relations of the Royal Society to the
State were not intended to consist merely in petitioning the government in favour of certain lines of
action. In a thoughtful essay on the subject read before the Society in 1833, the late Dr. Todd
explained in some detail the connection existing between the Imperial Government and the Royal

Society of England — upon the general lines of which the Royal Society of Cana'a is framed —
pointing out in what way this had grown up, in consequence of the marvellous flexibility of that
complex organism, the British Constitution.

As this appears to me to be a matter of importance and one which should engage our attention,
[ need make no apology for quoting Dr. Todd’s words. He writes: “ It is well known to students of
political history that one result of the establishment of popular government has been to oblige the
ministers of the crown to take the initiative in preparing and submitting for the sanction of
parliament whatever measures may be required by the public interest, whether it be to improve our
administrative or social system; to amend the operation of existing laws, to aid the progress of an
advancing civilization, or to encourage the application of scientific truths to practical beneficial ends.
Ministers are expected, not only to forward sound legislation in these directions, but to resist and
expose cvery crude, imperfect, or otherwise objectionable notion of this description which may be
propounded by private members. It is impossible that any ministers, however able and enlightened,
san be invariably competent to deal intelligently with questions which form no part of an ordinary
political education. Neither can they always command in the ranks of the civil service, capable
assistance upon such topics. Realizing this deficiency, the Imperial Government have gladly availed
themselves of the co-operation of the Royal Society of London, to assist in the disposal of matters
requiring a special knowledge of art or science, in regard to which executive or parliamentary
interposition may be necessary. In such cases it has been of inestimable public advantage that the
executive government could have recourse to the advice and assistance of a body occupying the
impartial position of the Royal Society, and could freely avail themselves of their services, — not
merely as individuals, but with the acknowledged weight and respousibility attaching to them in their

”

corporate capacity.

[ trust that in the review which I have attempted of the various institutions engaged in scientific
work and investigation in Canada, I have succeeded in conveying the impression that although some-
thing has already been accomplished, much more remains to be done, while the continued expansion of
the interests of the country is every year opening up new fields of investigation and new problems
which must be undertaken and solved. In cach such case I have endeavoured to connect the new work
which appears to lie before us with that one of the present organizations to which it scems to be naturally
affiliated, but one important line of inquiry must yet be mentioned in which no systematic beginning
has been made, either under the auspices of the government or by any society or institution
especially devoted to it. This is the field of ethnology, which in Canada is a very extensive one, and
which calls for immediate effort, inasmuch as the native races with which this study is concerned, are
either rapidly passing away or are changing from their primitive condition. The late Sir Daniel
Wilson, by whose death the Society has suffered so great a loss, more than once brought this subject.

to our notice in eloquent terms.
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The Council of the British Association for the Advancement of Science, when that association
met in Montreal ten years ago, was so much impressed with the urgency of investigations of this
kind that it not only appointed a committee to deal with the subject, but has since given each year
a substantial grant from its own funds in aid of this work. The Canadian Government for several
years supplemented this grant, and eight reports filled with valuable observations on the Western
tribes have so far, as a result of this action, been published in the annual reports of the association.
It has been decided, however, that the functions of the committee, with the grant accorded by the
association, shall cease this year, so that if further progress is to be made, the matter must now be
taken up by the Canadian Government. It is earnestly to be desired that the government may at
least contemplate the attachment either to the Indian Department or to some other department of
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