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CANADIAN PHOSPHATES
CONSIDERED WITH REFERENCE TO THEIR USE
IN AGRICULTURE.

By Goroox Brooug, ING.S., of the Geological Survey of Canada.

Among the numerous sources of wealth included within
the vast thickness of the Laurentian system,—those ancient
metamorphie rocks developed on such a grand scale in our
Canadian geology,—few are invested with a larger amount
of scientific interest than the mineral apatite, a substance
already ranking among our economics, and probably destined
to constitute, in the future, one of the most important of the
raw materials of Canada, one of those sinews of the
country, upon which her industrial advancement must ever
be primarily founded.

Tt is, therefore, highly desirable that what is at present
known of the extent and character of the apatite deposits
of Canada should at once be made available ; and that the
attention of this and other societics in the Dominion should
be, to a proper extent, dirccted to facts relating to a mineral,
at once so interesting and so practically useful.

With this in view, we would state, first of all, what are
the purposes to which the mineral is adapted ; the processes
by which it is rendered available ; and, as far as can be
ascertained, the past and present extent of its usefulness.

Vor. V. Q - . No. 3.
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Apatite, although of some importance to the manufacturer
of the clement phosphorus, and in the preparation of certain
variotics of porcelain, dérives its chief interest from its
power, when used in conjunction with nitrogenous substances,
of restoring exhausted lands to their original fertility, and of
increasing the value, for agricultural purposes, of such as
have always heen, more or less, sterile and unproductive.

Phosphoric acid is an essential clement of all but the
lowest animal structures; and the large quantities of phos-
phate of lime found in the chitinous tests of Lingula, as well
as in the shields of the Trilobitidee, prove that the element
phosphorus possessed, from the earliest geological epochs,
the same importance, in its relation to the animal kingdom,
as abt the present day; and, since the sole source of the
phosphorus in animal organisms is from the vegetable king-
dom, it is not surprizing to find that the element is equally
ossential to the higher orders of plants, and, more especially
to those which are the most adapted to the wants of animals.

The following Table, extracted, partly from the works of
S. W. Johnson, and in part derived from Emmons’ Report,
on the Geology of North Carolina, exhibits this relation in a
very striking manner, and proves, moreover, that not only
the most nutritious plants, but also the most valuable portions
of the same species contain the highest percentages of phos-

phoric acid :—
TABLE 1.
PHOSPHORIC ACID IN THE ASHES OF PLANTS.

Series A—IFdible Substances. |1 Series B—Aliscellancous substances.
r.0., r.o, | . POy
per cent.

per cent, per cent.
Rice straw.... 1
Rye straw.... 4
Wheat straw.. 3
Maize straw.,.17
Oat straw..... ¢
Barley straw.. 3
Bean straw... 7
Pease straw... 5
Turnip tops... 9
Potatoe tops.. 8
Beet root..... 8
Mecadow grass.. 8

Rice......53
Rye......50
Wheat....50
Maize ....40
Oats......44
Barley ...39
Beans.....38
Peas......33
Turnips...13
Potatoes..13
Clover...:18
Cabbage. .12

1 Leavesof Catawaba Grape..18.3
2 White Oak (Quercus Alba)

TWigSeeseeareaanennn ve e 12:7

3  Do. do. Wood.. 4.5
4 Cotton (woolof)...........11.6
5 TobACCO sveveeveaenerrinnn 6.5
6.2

Seaweed (average)......... 0.28

. AUTHORITIES:
Series I. Johnson.
Series II. 1-6 inch. Emmons.

i
|
%
]
f
| 7 Fibroof Flaxeeeouerennnn..
!
i
}

Way.

The phosphorus of plants appears, for the most part, to e
confined to the softer and more highly organized portions of
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the structure: there is but little to answer to the lime and
magnesia phosphates constituting the main frame-work of the
hard internal skeleton of vertebrata, or to those composing the
exoskeleton of crustacea and lower orders. The phosphorus
of a plant would seem to correspond more closely to that of
the nervous and vascular animal tissues ; as, for example, to
that of the brain in man,—which amounts to 0'9 per cent. of
the cerebric acid,—or of the albumin and fibrin of the blood.

The following Table (1r), which might be greatly amplified,
has been compiled for the sake of comparison : — .

TABLE II.
T'1nosruorus 1IN ANIMAL SUBSTANCES.

Ox Bone ..... . . ++.12.25—Fremy.
Human Bone ........ . 9.21—Richardson.*
Lingula ovalis (shell—recent sp .17.16—Sterry Hunt.t
Mastodon (fossil bone) «...ceviaainen. 17.13—Pratt.{
Caseill «eereernaan 1.42—Miilder. Milk (of cow) ....0.68—Haidlen.
Urine (hwman) ...1.24—Berzelius. | Fibrin (of blood) . .0.58—TFownes.
Cevebrie Acid (hu- Albumin (of blood) 0.40—Miilder.

man brain) .....0.90—Fremy.
Gastric Juice,
Saliva,
Mucus, !
Ite,, cte. )

........................ Traces—IFownes.

From the rescarches of chemists and physiologists it s
now fully established that the element phosphorus plays a
most important part in the performance of nerve functions;
that it undergoes many, at present, inexplicable changes
within the bodies of vertebrate animals ; and that various of
its oxy-compounds, produced by such changes, as well as the
phosphates resulting from the waste of the bones, are con-
stantly rejected from the system in a soluble condition.

There is, therefore, in the history of the clement phos-
phorus, a beautiful example of a complete circle of changes ;
and of a number of substances existing, at one time or

* Chemical Techuology, vol. ii, Article *“ Soluble Phosphates.”

t First discovered by Dr. T. Sterry Hunt, who, in 1854, showed the
shells of Lingula to have a composition identical with the bones of ver-
tebrates. (Silliman’s Jowrnal [2], vol. xvii., p. 235.)

1 Report South Carolina Phosphates, 1868 .About 30 per cent. organic
matter Jost by decomposition, while the recent Lingula examined by Dr.
Hunt had previously lost 38 per cent. of organic matter by calcination.
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another, in cach of the three great divisions of nature, and
handed on, from the world of vegotable existence to that of
animal life, before heing finally returned to inorganic nature,
thenceforth to be subjected to a number of chemical changes,
prepaving them for a now round of usefulness, But, in
order to enable this groat principle to operate completely and
offectually, one thing is necessary ; for, owing to the concen-
tration of populations in towns and cities, one link, so to
speak, in the chain, becomes faulty, and the return of phos-
phates to the soil must be aided by artificial means.

From whatever lands vegetable matters are removed in
the annual crops, there is a constant withdraival of the neces-
sary mineral constituents of the plant, including, of course,
the phosphoric acid ; and, although poor or exhausted lands
do not shew the entire absence of phosphates, yet they have
become deficient in ¢ «ch phosphorus salts as aro available for
the use of the growing plant ; and do not, especially, contain
cnough to suffice for the cereals, containing, as they do, a
larger proportion of phosphoric acid than any other family of
plants.

The grain of wheat contains about 8-10ths per cent. of
phosphoric acid, which proportion amounss to 16 Ibs. of tho
acid to cach ton (=2,000 1bs.) weight of wheat. Now the
amount of phosphoric acid in soil may said to average 0-2 per
cent. ; although, except in clays the proportion is usually
less. Taking 0-2 per cent. as the average quantity, and
assuming the specific gravity of soil to be 2.5, there exists in
the soil covering onc acre of land, to the depth of 12 inches,
about 68.6 Ibs. of phosphoric acid ; or only enough to supply
the phosphates to .16 tons of wheat. The total weight of
wheat, (whether as grain, or in the state of flour) exported
from the port of Montreal m 1869, amounted to about
292,534.5 tons® ; or a weight requiring the total abstraction
of phosphoric acid from 70,320.8 acres (=109.8 square
miles) of good average land. This withdrawal of phosphorie

= This information was kindly farnished by Wm. T. Datterson, Lsq ,
Secretary to the Montrcal Board of Trade..
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acid, equalling 2,340 tons (292,534.5X16=4,680,552. 1bs.
=2,340 tons) would require, in order to counterbalance the
loss, the annual employment of 5,850 tons of apatite, con-
taining 88 per cent. of phosphate of lime; a quantity equiva-
lent to 6,864 tons of apatite of T5 per cent., or to 13,728
tons of * super-phosphates” of good quality.

The corresponding money value, at $35 per ton, malkes
the total annual deficiency no less than $480,480.

The losses resultir.g from the exportation of wheat alone
(either as grain or flour) have heen here estimated ; and the
following table, compiled from Mr. Patterson’s Statistical
Report, will afford some idea of the approximate worth of
all the phosphates contained in erops annually shipped from
this port :—

TABLE IIL.

ScesTances Cavsing Loss oF PuospHoric AcCID.

. Shipments ' Awmount Equivalent Approximate
in the year 1849 _or Phosphoric Acid. Value of
for Montreal. Weight. o of 9,000 Ibs. Phosphorie Acid.
Flour (barrels) ...... I 966,067 . o Q
Wheat (bushels) ....[ 6,595,332 § 2,340.0 £480,480.00
Com  do.  ....p 108,018 24.3 4,989.60
Peas do. ceed] 576,981 115.4 23,695.40
Barley  do. ceed) 163,372 20-4 6,036.80
Oats do. © ... 330,738 5.5 14,989.20
Totals .vivevnen! veviians 2,574.6 £530,191.00

Morecover, the exports of wheat from British North
America are only about 7% per cent. of the total amount
received by Britain : so that the phosphoric acid, exported by
foreign countries for consumption in England, in the shape of
wheat alone, amounts to no less than 31,200 tons, and repre
sents @ money value of about $6,406,400 annually.

Adding to this the imports of mineral phosphates, we have
a grand total of $15,156,400.

From these figures it is at once evident that, wherever no
restorative agents containing available phosphoric acid are
employed by agriculturalists, the exhaustion of lands by
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wheat crops is by no means a slow process; even if the
utmost allowance be made for the action of springs, and of
waters flowing from uncultivated lands, in bearing to the soil
minute quantities of phosphates, which might retard, although
they would be by no means sufficient to prevent a gradual
impoverishment.

It becomes, therefore, absolutely necessary to follow the
principles laid down by Liebig,* and to restore to the soils the
cinereal elements of which they have been despoiled. Hence
the utility of farmyard and vegetable manures, as well as of
vavious products of the chemical manufactures applicable to
this necessary work of restoration. In no country, however,
can such a return of the valuable components of its soils be
sufficient to counterbalanc¢ the constant drain required
merely to furnish the clements of growth to its inhabitants :
for, if the utilization of sewage-matter and of every other
kind of organic residua were effected to the uttermost pos-
sible extent,—a condition very far from being realized,—
there would still always be a great unavoidable waste, by
which the essential constituents of the soils would, in process
of time, be sensibly diminished ; and, since there are but few
countries whose entire vegetable product is applied to the use
of the inhabitants, but that, on the contrary, a certain pro-
portion is almost always exported for the benefit of other
lands, there is usually a far greater deficiency than that re-
sulting from irrecoverable waste. This further loss is espe-
cially great to those newly peopled lands, whose rich virgin
soils have constituted them the granarics of the Old World.

Thus a very large proportion of the vegetable produce of
North America, in the shape of cotton, wheat, sugar, and
tobacco, is employed in ministering to the necessities of
European countries ; and the result is a stupendous annual
withdrawal of their necessary constituents from all soils
occupied in satisfying these ever-increasing demands, and
this is especially true with regard to their limited quantities
of the salts of phosphoric acid.

* Agricultural Lectures, Letters, ete., by Barvon Liebig.
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The annexed table (No. 1v.), derived from the analyses
of Dr. T. Sterry Hunt,* shows how small is the proportion
of phosphoric acid usually existing in soils of even the best
quality ; and hence it arises that there already exist so many
partially, or even wholly exhausted soils in Canada, and
more cspecially in the Province of Quebec, which might
have been still yielding large returns of wheat crops had
they been, from the first, subjected to a rational system of
tillage, coupled with the judicious and periodical use of phos-
phatic manures,

TABLE IV. -
AxaLvses oF CANADIAN SoILS, SHOWING THE I’ROPORTIONS OF PHOSPHORIC
Acip PRESENT.

Character. Locality. PO, per cent.
(1) Sandy Soil cv.evenen. St. Charles.eoeeeienn.. 215
(2) Clayey Soil .v.envnen. St. Hilaire « e vvevnnnnnn 90
(3) do. 0. ciieeennn. St. Dominique ........ 1652
(1) Sandy Clay «vvevenn.. St. Hyacinthe «....... 189
() ClaySoil «c.enienn... do. ... 252
(6) Clay «...... Cereeeane Chambly ............ 226

It is true that attempts have been made to utilize the
residug of the Newfoundland fisheries, and that Dr. Hunt
called attention to the subject in an Essay on Fish Manures
in 1857 ;1 but very little success has been met with in their
employment in this country, chiefly owing to a want of the
necessary knowledge or spirit of enterprisc amongst the
farmers themselves.

On proceeding to inquire into the means adopted by various
nations to prevent the impoverishment of their soils, it is
somewhat surprising to find that the great principles of agri-
culture, in respect to manures, were understood from the
carliest times, and that the practice of some, apparently less

# Canada Geological Survey Reports, 1849 and 1851 ; alse, in abridge-
ment, Report of 1863, pp. 636-642.

{ Gool. Survey Report, 1857, pp. 218-220; and Canadian Naturalist,
tol. 1v.
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civilized, communities was even far in advance of that exist-
ing among BEuropean nations,—at least, until the beginning
of the present century, when the more systematic research
of modern agriculturists was soon rewarded by a correspond-
ingly rapid improvement in the practice of farming. From
the carliest dates in their history, the Chinese appear to hrve
been strict cconomists in respeet to manures, the filth of the
cities being most scrupulously collected for the enrichment
of surrounding lands. Several passages in the Bible prove
that Iastern nations were also aware of the importance of
manures, and that the Romars were in the habit of employ-
ing them, is evident froi: the writings of Virgil ; especially
where, in his first Georgic,* he recommended the use of
ordure, and of ashes, to fertilize the exhausted fields.

In no place, probably, are natural manures more religiously
farmed than in the Chamnel Islands, on the coast of Nox-
mandy, celebrated for their rich pastures and excellent breed
of cattle ; and on the Jersey coasts, the extensive flats, exist-
ing between high and low water-mark, are actually portioned
out into lots belonging to the difterent farmers, who, in the
autumn scason,—for the law only then permits its removal,—
gather in the rank sea-week (termed Vrjack) as serupulously
as they harvest the produce of their fields, which mainly swe
their fertility to the rich saline ashes resulting from the com-
bustion of the sea-weed, itself a minute fragment of the
enormous waste constantly poured into the sea from the rivers
upon which London and other great cities are situated.t In-
numerable have been the plans proposed by engineers and
men of science for the utilization of this vast waste of animal
products ; and the partial success already attained begins to

¢ Sed tamen alteris facilis labor, arida tantum
Ne saturare fimo pingui pudeat sola, neve
Effetos cinerem immundum jactare per agros,”
Georgicon, lib. i;, lines 79-81.

t From Horace’s epithet *“vilior alga,” it is probable that the Romans
were not aware of the fertilizing properties of sea-weed The stigma
implied can no louger apply to the source of so many valuable salts, and
of 0 much produnctiveness when used as a manure.
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be shown in the increased productiveness of many fields and
gardens upon the confines of London.

With regard to bones, their cmployment as fertilizers cer-
tainly dates as far back as 1770 ;* and the supplics at present
required in England arve chiefly derived from Germany,
Prussia, and the Baltic coasts. The catacombs of Egypt
have actually been ransacked for their supplies of bones;
and the mummies of her kings and warriors, scrupulously
preserved for a thousand years, have at length been sold by
their descendants, to aid in the nourishment of far off lands.

Of the enormous importations of guano, nothing aced here
be said, except that their annual amount is said to be 200,000
tons, with a value of about $12,500,000.

The attention of English merchants was first turned to
purely mineral sources of manures by the statement, made
by Licbig, in 1840, that, by treatment with sulphuric acid in
certain proportions, they could be converted into soluble com-
pounds;$ and, two years later, J. B. Lawes obtained a patent
for the preparation of superphosphates from the mineral
apatite, instead of from bones, which had even then reached
a high price.]] The supply of mineral phosphates was at first
drawn from the great deposits of Estramadura, in Spain,
(Vide table vr.,for analysis of the phosphates from that
locality) ; but the better kinds of the mincral were soon, to
a great extent, exhausted, and the attention of manufacturers
was then directed to the coprolithic phosphates—or fossilized
exavie of the tertiary strata of Suffolks, and the older rocks of
Cambridgeshire and North Wales, all of which are compara-
tively poor in phosphates, containing only from 30 to 50 per
cent. of phosphate of lime. In 1854, the value of the * super-
phosphates” manufactured from mineral sources in England

* See the works of Arthur Youug, published about 1770.

t Vide Richardson and Watt’s Chemical Technology, vol. ii., article
“Soluble Phosphates.”

t Had Shakespeare lived in the nineteenth century, there would have
geen an awful significance in the words—* Cursed be he that mores my

ones !
$ Vide Liebig's Lectures on Agricultural Chemistry.
I} ¥ide Specifications for British Patents, 1342, (No. 9,253, May 23rd.)
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was as much as $8,750,000 ; and the demand for the cotton
lands of the Southern States cf the American Union is now
probably fully ore-third of that amount.”

The coprolites are fast becoming dearer and poorer, and,
consequently, owners of works in Ingland arc hecoming
every year more cager to satisfy themselves from forcign
scources ; of which those of Canada and South Cavolina only
are of any considerable magnitude.

The South Carolina phosphates are very comparable in
character to some of the phosphatic heds of Great Britain;
their quantity is appavently very great; but they are by no
means rich, and average from 25 to G0 per cent. of phos-
phates.  Large quantities, on the other hand; of the Lauren-
tian apatites, on the shores of L. Rideau, in Canada, can he
obtained, averaging from 60 to 85 per cent.; and the only
wonder is that }they have not been utilized long since, com-
prising, as they undoubtedly do, a source of much prosperity.

It is not the object of the present paper to describe the
mineralogical characters of the Canadian apatites : much in-
formation upon the subject will he found in the Reports of the
Geological Survey of Canada, for 1863 and 1866 1; and as,
since those dates, many new localities have been discovered,
subsequent Reports will probably complete the deseription.
In this connection, the author would desive, in an especial
manmner, to acknowledge his indebtedness to Dr. T'. Sterry
Iunt, F.R.S., who has for many years past heen periodically
making public, in & readily available form, the results of his
systematic and admirable researches in this hranch of Chemi-
cal Geology, and, more particularly, in his valuable Reports
issued by the Geological Survey of Canada. Reference may
especially be made to the Reports of 1848, 1863, and 1866 ;
to an Essay written for the Exposition (Paris) of 1807,
and to the Report of 1847-48% where he mentions the first

* Richardson and Watt’s Chemical Technology, vol, ii., Article
* Soluble Phosphates.”
1 Vide Geol. of Canada, 1863, and Report of Dr. T. S. Hunt, for 1866,
4 Reports of Dr. T. S. ITunt, 1348, p. ;5 1863, p. 5 186G, p.
References to other labours in this subject will he found in the above-
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discovery by himself, in 1847, of the Apatite of Lanark Co.,
Ontario, and morcover, remarks on the probable value of the
deposits, and their application to the manufacture of mineral
manures,—a branch of industry then hut in its infancy.

A few remarks upon the geological portion of the subject
will be found in & paper read by the author at the Troy
meeting of the American Association for the Advancement
of Science,* in August last ; as well as in a note, shortly to
be laid before the Geological Society of Londont : but the
history of these interesting deposits is by no means complete ;
and it is hoped to return to the subject in a future communi-
cation to this Socicty.

Facts upon the modus operandi of the phosphatic and
other mineral manures arc more especially desirable; and it
may be well here to briefly to discuss & few points connected
with their action upon arable lands.

With regard to the relation of phosphorus to plant-life, we
have, first of all, the well established fact that a deficiency
of that element in the parent soils produces a corresponding
diminution in the weight of the crop, and renders it, more-
over, very liable to various discases; and that the addition
of phosphorus compounds, in & state it for the nourishment
of the plant, always cficets a great inerease of fertility. But,
with regard to this increase, it has been found to be out of all
proportion to the actual requivements of the growing plant
with respect to phosphoric acid.  The waters in contact with

mentioned Reports, but it will be desirable to quote from that of
1847-48, now, unfortunately, almost inaccessible :—

“The pbosphate of lime is largely contained in wheat, and the ex-
haustion of this ingredient is one great cause of the sterility of our worn-
ont wheat lands. In a grain-growing conniry like Canada, therefore,
e existence of snel deposits ag these will prove of great importanee.”

 Under these circumstaunces, the limestone just deseribed, which con-
tains throughout it o large supply of ihis important substauce, is cer
tainly well worthy of the attention of our agricunlturalists.”

* On Apatites of Lanark Co., Ont., by Gordon Broome, IGG S Iroc.
Awer. Assoc., 1570.

Laurentian Apatites of Canada, hy the same. Quar. Jour- Geols
Sve. cire. February, 1870,
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the roofs may, and often do, contain a sufficiency of phos-
phates for maintaining unchanged the composition of the
plant, and yet the addition of phosphatic manures produce
a vastly inereased yield. The only rational explanation of
these facts, and that which the researches of agricultural
chemists appear to corroborate, is that the phosphates, besides
forming important elements in the actual material of the
plant, arc also able to act as carriers of the requisite nonrish-
ment to the growing parts; and that, just as, in the animal
economy, certain substances, as, for example, the salts of
iron, give a tone to the system by aiding the powers of
secretion and cell-formation ; so, in the vegetable world, and,
more especially, in the important families of Graminacese and
Legwminae, phosphoric acid stimulates the assimilative powers,
excites an increase of vitality, and, in consequence, augments
the fecundity of the germ, and enlarges the proportional rate
of increase. The consideration of certain analyses of Woods,
published in the first volume of Dr. Percy’s Metallurgy, and
also of a series in Emunons’ Report on the Geology of South
Carolina for 1858, pp. 59-78, (and also the sccond series
of Table L., ante p. 8) has led me to this conclusion; for
such analysis shew that the twigs and leaves are richer in
phosphates, and other mineral elements, than the bark or the
solid wood ; whilst, in the cotton-plant, Crace-Calvert has
shown that morc soluble acid-phosphate of magnesia exists
in the pod, than in the husk or stalk.”

From Table I., it will he scen that, whilst the ashes of
solid oak contain 45 per cent. of phosphoric acid, the
quantity present in those of the young twigs amounts to
12-7 per cent., or more than 2:75 times the proportion
present in the wood.

Those parts, therefore, which are pre-eminently in a state
of rapid development, are the most abundantly furnished with
phosphates, doubtless, having their own peculiar functions to
perform in assisting the developmental process.

As to the manner in which plants derive their saline con-

©* Drit. Assoc. Rep. 1869,
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stibuents from the soil, there is still some degree of uncer-
tainty ; whether they imbibe those salts alveady existing in a
state of solution, and thus obtain the matter required for
their growth; or whether they dissolve out certain elements
from the soil, by the solvent action of their own juices.

Eichhorn's results demonstrate that pure distilled water
can dissolve from the sotl much more of mineral matter than
wordd be requisite for the supply of an ordinaiy crop.* The
solvent powers of waters are also in almost every case, much
angmented by the presence of carbonic acid, and occasion-
ally, doubtless, by the existence in them of dissolved organic
acids. T These acids do not, in all probability, exert any
very important influence in dissolving food for the plant, so
Jong as they exist in growing vegetation, but only on their
being climinated by processes of natural decay. When thus
released, they are probably very active in dissolving com-
pounds of sesquioxide of iron, and alumina; as is, indeed,
abundantly proved by the occurrence in nature of such
minerals as beauxite, mellite, pigotite and oxalite, com-
pounds in which sesquioxide of iron or alumina, exist, com-
bined with water and an organic acid.

The utility of decaying vegetable matters as a manure,
may, consequently, be due as well to the solvent action of
certain products of their decomposition, as to the fertilizing
properties of their several mineral constituents.

The absorptive powers of soils tend, moreover, to con-
centrate within their mass certain mineral constituents,
derived from small proportional quantitics of them existing in
infilirating waters ; and this absorption is very marked
between phosphoric-acid compounds aud soils of a clayey
character, which scem cspecially adapted for their retention.

For the sake of demonstrating this fact, an experiment

% Pogzendorf Annalen, No. 9, 1:358, ele. ; also Johuson, in Silliman’s
Journal, {2] xxviii., 1569.

{ Vide Chemistry of Natural Waters, by Dr. L. Sterry ITunt, in
Sillimans Journal, 1265,

{ 1bid.
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was made upon a gray, infusible fire-clay, which proved,
upun analysis, to possess the following percentage com-
position :—

R 1§ eombined silica......... 709 ..., 53 4¢
Silicie Acid £ree SINQA. e urnrnneenn . 20°50 ..., 95749
Alumina  (by difference).ooooonvo..... Ceesecienaans . 26'/9
.}ron (ProtoX.) wveveevencunnns eaeena veeeaens ceeiann traces

AMC ce it ineiaenaaannas ericeenn peeterrananaans 0°12
MAZNESIA oo v veavii it et ienaaana Ceeeenaa. «e... traces
Sodileenennnennn edieaeieanaaa PP veees 133

B8 T PO P . 1-52
Chlorine, Ammonia, and Phosphonc NG et .. traces
Organicmatter .. ..oooeieeiioii., Ceaeeaan Cereaaaas 0-08
Water (Hygroscopic 1°3%).....ovoen. Ceieiietaaaneann 11-47

100-00

One hundred grammes of this clay were washed upon a
large filter, until thc filtrate was uitc free from solid matter,
and a solution (containing 10 grm. to 1 litre) of phosphate
of soda was then caused to filter slowly through the mass, by
a syphon arrangement, in about 24 howrs.

The solution extracted a quantity of humic acid, dissolved
out hy the action of the alkaline salt, and contained only
8312 grammes of phosphate of soda, with a little alumina,
Time, and sesquioxide of iron. Such a clay being, practi:
cally a pure silicate of alumina and water, the large absorp-
tion is in a great measwe duce to a reaction hetween the
hydrated silicate of alumina, or clay, and the phosphate of
soda, resulting in the formation of a phosphate of alumina,
and the fixing of a portion of soda at the same time by the
aluminous silicate.

This power of clay was first explained by Way and Thom-
son; ™ though it was remarked by the Dean of Westminster
in 1849, who suggests that it is shown by the concentration
of phosphates occurring in certain clayey nodules, termed
Scptaria, common in the Lias of England.

It is probable, that the formation of many great phosphatic
deposits, of marine origin, including perhaps the Canadian
apatites, 5 most reasonably explicable by referring to these

¥ R. Agric. Soc. Journ. Eng. (xi. 6874  xii. 317-380 ; iii. 123-140.)
t Brit. Assoc. Repozt, 1849,
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absorptive powers ; and this is rendered the more likely by
the fact that all of the mineral waters occwring in the
Palocozoic vocks of Canada, which Dr. Hunt beautifully
designates as fossil sea-waters,* contain traces of phosphoric
acid, resembling in this respect the waters of modern seas.

The absorptive powers of soils arc due to a combined
chemical and molecular action, the completeness of which is,
to a very great extent, dependont upon the mechanical
condition of the mass.

Soluble phosphates of lime, when thrown over the surface
of the land, are quickly converted into the insoluble tribasic
salt, by the action of carbonates and basic compounds; but
the product, being in a state of extreme division, is readily
dissolved by water charged with carbonic acid, and also, as
shown by Licbig, by solutions of ammoniacal salts, or of the
chlorides and nitrates of the alkalies.

These modes of solution are cxceedingly important from an
agricultural point of view, since they shew the advantage of
compound manures, formed by the addition of ammonia or pot-
ash salts to the ordinary ¢super-phosphates.”  Inan experi-
ment, recently made by me, for the purpose of ascertaining the
solubility of apatitc in carbonic-acid water, it was found that,
by digestion of the finely pulverized mineral for twenty-four
hours, at a temperature of 60° I., agitating frequently, a
saturated solution of carbonic acid is capable of dissolving
%7 parts of the mineral.  Similarly conducted experiments
with solutions of sal ammoniac, and of potassic chloride,
gave respectively, the proportions r' and ri%t.f

Alkaline carbonates also dissolve apatite, with the forma-
tion of carbonate of lime and & phosphate of the alkali; and
these reactions explain the existence of phosphate of lime
in sca-water, a fact long since demonstrated by Clemm and
Forchammer. &

* Vide Geology of Canada, 1863, pp. 561-564.

i Portions of a fine sea~green prismatic crystal of the Burgess apalite
were used in these trials.  Tor its composition, see Analysis on p. 18,

¢ J. fur Prakt. Chim. xxxiv., 1855 alse Betzelius, Jahresh, xxiv., 393.
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By means of sulphurous acid, also, in a state of aqueous
sclution, apatite may be dissolved to the extent of about
1w parts, under the above conditions ; but this last reaction
has not such an important bearing upon the theory of agri-
culture as those already described.

The rescarches of Thénard, upon the action of clays on
phosphate of lime in carbonic-acid solution, show that
insoluble phosphate of alumina is formed, whilst the solution
contains all the lime, as carbonate® ; but, as the alumina in
clays is not in the free state, an acid silicate of alumina is
probably at the same time produced.

Thénard also stated (loe. ¢it.) that, by the action of an
acqueous solution of silicate of lime upon phosphate of alumina,
silicate of alumina is precipitated, whilst tribasic phosphate of
lime (separable by means of carbonic acid) is also produced.
By repeating Thénard’s experiment, & solution was obtained,
containing .011 gm. of lime silicate to the litre of waier,
which was complotely decomposed in the manner indicated
by Thénard, by long boiling with pure artificial phosphate of
alumina, or with the clay previously used, which contains
some phosphoric acid. Since, however, heat is requisite to
the success of this reaction, it is more probable that, in
nature, double silicates of alkalies with lime or magnesia, play
the part here assigned to solution of simple silicate of lime.

Dehérain § asserts that the reverse of this reaction results
between phosphate of sesqui-oxyd of iron and carbonate of
lime: and it is probable that the surrounding conditions, as
to temperature, relative amounts, and mechanical division,
determine the nature of the resulting change. This was notably
the casec in Eichhorn’s remarkable experiments upon the
solubility of chabazite and natrolite in various saline solutions;
and, on the whole, it would scem that the numerous known
instances of departure from a regular ovder of affinitics in
such reactions tend to show that the relations of many bodies,
with regard to their mutual affinitics, are disposed to vary in

* Compt. Rend. de I’Acad. des Sciences, Feb. 1, 1868.
 Quoted by Johnson, in the paper previously cited.
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obedience to changes in the physical conditions under which
they may he brought together.

Tinally, in concluding this branch of our enquiries, it may
be stated that, reasoning from the researches of Thénard,
Eichhorn, Way, and others, Jolmson was led to conclude that
the clficiency of mineral manures 13, in most cases, to be
abscribed to their indirect action, and mnot, as had been
previously supposed, to their direct influcnce as sources of
food to the growing plant.

We may now pass oa to consider the mauufacture of
“superphosphates” from the mineral apatite, which is at
present in progress aé but one factory in the Dominion of
Canada, namaly, at the Brockville Chemical Works, under the
management of Mr. A. Cowan, to whose kindness I am
indebted for the sample of ¢ superphosphate,” the analysis of
which will be found below, as well as for valuable information
with regard to the process employed. An engine of about
fiftecen-horse power suffices for grinding the mincral, for
turning the agitator duving the digestion of the apatite with

vade oil of vitriol, and for supplying steam to the sulphuric-

acid chambers, which are adjacent to the mills. The quantity

of superphosphate of lime obtained does not, at present, exeeed

six tons per diem, owing to the insafficient yield of the acid

chambers. The quality of the product will be seen from the fol-

lowing completz analysis recently made upon o fresh sample :
TABLE V.

ANALYSIS OF % SUPERPHOSPHATE,” oF LiIME,
(Frome Brochville Chionical Works, Not., 1570.)

Per cent.
Superphosphate of Im:(-. e ererreaenaees .- 20.33
=(Ca 0.210, 2 0;.
Tribasic thpn.uh of Lnne ............ ceeees 2.39
=, (a0, P 0.
Phosphale of hon (Foy 03) voiineiiieannn. 2.23
Alumina . cieeesaneee. 0.43
\l.wnmm ............... .t
Dihydrated Sa'phoie LA «eeare veanes 63 .84
Gypswu=Ca2 0, S 0; -2 U 0.
Insoluble in Mydrochlorie \ud (pin ipaliy
Aica)....... Cireeriaaaen trereraaann 3.59
Chloride of Sodinm .v.ovoivinveanis cones . 0.45
WALET vvveieniiiieiiiannaenns cereaenn vees 5.50
Alkaline Suipbates and JOS5 vnvins vraennnn 1.9
Total ...... ceenes ;100 Gu

N4
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&eluble Phosphoric Acid (P 0g)eeeeneeer.... 12,33
Insoluble (RUMFArOUs) «veeeerverersrsiiniees 2. 12
.__].4_:.‘1}:’

To procuce this fertilizer equal weights of erude sulphuric
acid (of chamber strength,) and of the finely divided
mineral, are thoroughly mixed in a suitable vat, or tub, until
the conversion is decmed complete, when a trap is raised ab
the bottom of the vessel, and the thick, pasty mass allowed to
flow over the floor, where it soon becomes sufficiently con-
solidated to be packed in barrels. *  English manufacturers
arc in the habit of storing their ¢ superphosphates” in pits or
cellars built for the purpose, and they thus obtain a fertilizer
containing a comparatively small quantity of water. They
also employ somewhat stroriger acid, and agitate the mixture
in covered vessels.

Table III shows the composition of six apatites, represent-
ing the purc mineral of different districts ; the first analysis
being one made upon a crystal of pure translucent sea-green
apatite, from the ¢ crystal vein,” on lot 5, of the fifth
concession of N. Burgess, which had a specific gravity of

3.200.
TABLE VI

COMPARATIVE ANALYSIS OF APATITES AND PHOSPIIORITE.

Pr|mjun fav | v | v

Phosphoric Acide e ovennoien 4139 41.25] 43.01) 4199 37.10| 42.34
LG e ceveereoanennenanees. 19 79 53 54! 5524 55.95' 54.0 | 55.08
Alumina ....... © 08 !

Caleitm coiie it ' 48 E

Tioa (Fe, 0;) U M i

102 (Tep 0g) cevnnnn vnntn o 3 0.09—' 2150 0.04
Silicic Acid .. . ' 0K ! I WU
Chlorine ... .. ¢ 033 410] 005 001 0200 0.34
FPhaorine eooeeeein. . ...' 353 und. | und. i 420 2.16) und.
Water (Air dried) ........ . 0,49 '

Totalseooovio oo 90382 101.51' U3.69 102.101 Uo’.‘lil yi &t

T. Brurgnss,"C:tynu(la.——Brgo‘mo. IV, Pokovaia, Ural.—Pusirevski.
10 Xrageroé, Novway.—V o:ckler.i V. Estramadura, Spain.~Daubeny.

I11. Faldigl, Tyrol.—Joy. ; VI. Hurdstown, New Jersey, U.S.
I.IL, L, and LV, Flllor-Apa~l —Jackson.
tites, i IL. Chlor-Apatite. V. Phosphorite

#* Bach of which contains 286 1bs.
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Apart from all associated matters, the apatite employed at
the Brockville works may be said to contain 92 per cent. of
phosphate of lime, and 7.2 per cent. of fluoride of calcium.
When such & mineral, commingled with its gangue of calcite,
is digested with a proper proportion of sulphuric acid, three
separate reactions result :—

(a.) The tribasic phosphate yields up two-thirds of its
lime to the free acid, the remaining atom forming, with the
whole of the phosphoric acid present, the super-phosphate of
lime (acid phosphate of lime).

(0.) The caleite is wholly converted into gypsum, with
evolution of carbonic acid.

(e.) The fluoride is decomposed, with formation of hydre-
fluoric acid and gypsum,*

Thesc reactions may bhe represented as follows :—

(a) 3 Ca 0,20, 2 HO, SO,=2 Ca 0, S0, + Ca O,
HO, PO..

. Ca 0, CO,+HO, 80,=Ca O, SO,+ HO + CO,".

(¢) Cal+HO, 80,=Ca O, SO,+ HF".

From the consideration of the atomic weights of these
substances, it will appear that 100-00 parts of phosphate of
Time (tribasic) will require 51:61 parts of anhydrous acid
(80)), to convert it completely into the acid phosphate ;
that 100-00 parts of fluoride of calcium requires 99-00 parts
of the same anhydrous acid (or, in round numbers, an equal
amount) to produce the reaction shewn in equation (¢); and
that 100-00 parts of calespar will require 66-00 parts of acid
for its complete decomposition.

One part of apatite, of the percentage indicated as repre-
senting the pure mineral of the Brockville works, will require
924 (5161 X-07,)=="545 parts of anhydrous sulphuric acid
exactly to cffect the desired changes.

The following table (Table No. vIr.), compiled from these

This irritates the workmen's langs so greatly that they ave in the
habit of using rude respirators. formed of sponge. It is much more
obnosious in fogey, still weather, than when any breeze is blowing,
which soon frees the works from the most penetrating and disagreeable
odour.
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data, exhibits the amounts of anhydrous acid, and also of
acid, of specific gravity 1.712 (Z.c., of the usual chamber
strength), necessary for the complete conversion of one hun-
dred parts, by weight, of mineral containing various percent-
ages of apatite, of the above composition, with a wholly
calcarcous matrix :—

TABLE VII.

ACID REQUIRED TO CHANGE APATITES TO * SUPERPHOSPHATES.”

100 parts of Mineral Acid - | Acid
composed of ' Specific Gravity
Anhydrous. 1.712=134°1T.
Apatife. Caleite | ~ |~__
100 ... 0 i . I veee 908 ...
93 ... 2 ! : . cees U7 Ll
9@ ... 4 . . | ceee W25 L.
2y ... 8 i . PR 93.3
92 L. &1 e e 042 L
40 10 i . . Tolees 93.0 ...,
g ... 12 | . Loh Ll B8 ...
&6 14 ; . ceee U067 L
55 SR (1] . e ceee 975 Ll
=2 .18 N cee. 083 ...
K)o 20 . ceee 991 Ll
73 ... e vee. 1000 ...
76 ... 21 veee 1009 ...,
8 SR U] ceee 1017 .l
72 3 . 1025 ...
70 ... B0 RN 113 3 SN
63 ... 32 PR (1 1
G6 ..., B4 NN “ee oo 3050 ...
G4 ..e0 U6 ceee 1059 L.
62 ..., U8 e 1067 ...,
6V .... 40 cees W75 Ll

The use of this table is that it ought to prevent any danger
of having free sulphuric acid in the product, or of proceeding
further than the complete conversion of apatite into soluble
phosphate. By means of a table of specific gravitics, the
quantity of acid, of any required strength, may be ecasily
estimated for treatment of a given mineral.

The conversion of apatite into acid phosphate of lime may
may also be cficcted by the use of hydrochloric acid, and,
under certain circumstances, this method may be preferable
to the use of the oil of vitriol. For 36+5 parts of hydro-
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chloric acid (HCL) will convert the same amount of phos-
phate inte a soluble form as 40-0 parts of sulphuric acid
(80;) ; whilst in the case of an apatite, a further amount
of witriol is employed in the decomposition of fluoride of
caleium. By the employment of oil of vitriol to form
hydrochlorie acid, by acting on common salt, and using the
product for the conversion of apatite, one part of vitriol may
be made to answer to 1-14 parts of vitriol applied by a direct
method ; and, in the decomposition of calcite, one part of
hydrochloric acid will answer to 109G parts of sulphwrie
acid.*

The saving of the acid employed, by the adoption of this
method, would more than counterbalance the extra cxpense,
and the chance of further loss by a multiplication of the
operations ; and another advantage over the ordinary process
would result from the lime salt produced being the soluble
chloride, and not insoluble (comparatively) gypsum, which,
by mechanically protecting a portion of the apatite from
complete conversion, doubtless accounts for the presence of
289 per cent. of wnmodified lime-phosphate in the product
analysed.}

The deliquescent propertics of chloride of calcium have,
however, been found, by many English manufactarers, to
constitute a serious objection to the cemployment of hydvo-
chloric acid : the product being apt to remain in a moist
unsaleable condition.

It will not, however, be difficult to understand, from the
remarks alrcady made, that combined ammoniacal, or potassic,
and phosphatic manures possess many advantages over simple
“superphosphates,” and that such composts are likely more
and more to replace the ordinary soluble phosphates. English
and German manufacturers are, indecd, fast learning to pro-
duce such compounds ; and numerous nitrogenous substances
have been wutilized for this purpose, including products

* 40 parts of SO, will produce from Na. CL 365 parts of 1I. CL

t Corrosion of chambers or vessels, and accessibility of the acid must
in all cases bo taken into account.
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obtained from blood, or animal refuse, (as for example, the
waste of the enormous buteheries at Chicago) ; others from
the refuse of tan-yards; from the ammoniacal products of
gas-works; and a number of the residua resulting from
various chemical manufactories. ¢ Superphosphates,” pro-
duced by the action of muriatic acid upon apatites, might
readily be dried up by these materials ; thus overcoming the
objections arising from the pastey condition of the product,
and, at the same time ncarly doubling the value of the
fertilizer.* )

Sulphurous acid, also, produced directly from the roasting
of pyrites, has been applied successfully for the formation of
“ superphosphates ”” from animal sources; but further ex-
periments on the subject arc nceessar y, to shew whether it
would, or would not, be applicable for the conversion of
apatites or other mineral phosphates.

Before concluding the subject, one very ingenious process,
patented by MM. M. L. Henvionnet and L. C. Boblique, in
Nov. 1860, 1 (secc Patent Abridgements, in Appendix to
Richardson and Watt’s Chemical Techrology) may be
noticed, in which hydrochloric acid, generated during the
process itself, by the reaction taking place between steam,
silicic acid, and common salt, is employed in the manufacture
of soluble phosphates. '

The fincly pulverized apatite, mixed with 2-8rds parts of
common salt, and about 18 per cent. of silica, is heated,
i2 o current of stcam, upon the bed of a reverberatory
furnace ; when the following reactions are produced :

(2) Si0,+Na Cl+H O=H Cl.+Na 0, §i 0,
(b) 8 Ca 0,P0,+2 H Cl=Ca 0, 2 HO, PO;+2 Ca CL

* Sawdust, previously saturated with sulphuric acid, has been
patented, by Messrs. Sugden and Maryatt, for the absorption of am-
monia from coal-gas. When exhausted, it contains from 40 to GO per
cent. of sulphate of ammonia, and is valued at from §25 to §30 per
ton of 2,240 Ibs.—Vide Report on Industrial Chemistry (Paris prosx
tion) 1867, by J. Lawrence Smith, T. S. Commissioner.

t Berzeling Jahresbericht,
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The process possesses considerable theoretical interest, and
would be, if practically cffective, exceedingly economical.

And here my remarks must, for the present, be drawn to
a close ; much that remains to be said upon this comprehen-
sive subject being postponed for a future opportunity : but 1
cannot conclude without giving expression to one thought,
strongly impressed upon my mind by the consideraiion of
these topics ; namely, that the comparatively dormant state
of this, and many cqually obvious sources of industry in
Canada, arises from o great deficiency in a most important
division of our national education ; and that nothing, save a
Iiberal augmentation of the ordinary courses of instruction
in modern subjects, can ever prove cfiectual in dispelling the
immense existing cloud of ignorance and prejudice. It is,
therefore, sincerely to e hoped that the very able remarks,
recently made by Principal Dawson upon this guestion, may
have their desired cffect; and that Canada may speedily
obtain a share in the improvements that have, of late, almost
revolutionized the systems of cducation prevailing in the
universities of the mother country.

SCIENCE EDUCATION ABROAD.
(Extracts from « Lecture by DPrincipal Dawson, LL.D., I'R.S.)

WIIAT IS SCIENCE EDUGCATION ?

In spealging of scienee, then, I would restrict your attention to
the physical sciences, or those which relate to what we call mate-
rial things. In this great group of sciences we may recegnize
three subdivisions, distinguished by the modes in which they are
pursued, though shading into each other. (1) Mathematical
sciences, or those in which the methods ehiefly pursued are those
of mathematical reasoning and calculations, as, for instance,
astronomy ; (2) Exiacrimental sciences, of which chemistry and
several departments of natural pbilesophy may be taken as
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examples; (3) Observational sciences, such as zoology, botany
and geology. Each of these classcs of subjects must he treated
according to its own methods; and unless so treated, is useless
whether as a means of training or for practieal application. The
learniug, for example, of any of the natural sciences by ¢ getting
up” a test hook without actual examples and work, is not of the
nature of science education; and much of the wndervaluing of
science studies as a means of cducation, on the part of practieal
teachers, is due to their want of acquaintance with this first truth.
Natural Listory or experimental science taught merely from books
is only an indifferent form of verbal training, and it is no wonder
that those who know it only in this way should form a very low
estimate of its cducational value. To be us:fully taught, the
pupil must be familiar with the 2ctual objects of study, and he
must understand experimentally the modes of attaining to resuits
with regard to them. Ie will then receive a real and valuuble
kind of education, the bencfits of which may be summed up as
follows:—(1) The student is taught to observe, compare, and
reason for himsell, and this in a practical manner, not so casily
attainable in other subjeets, and tending to give an accuracy of
method and quickness of perception, and of forming conclusions
most valuable in actual life.  (2) Much knowledue of a useful
and interesting character s acquired; and ihe student, while
Jearning thie uses and properties of comnon things, may rise to
large and enlightened conceplions of the works of God, and the
natwral laws under which man cxists.  (3) Men wre trained to
pursue original investigations, and thus to colarge the boundaries
of sgicace. (£) The means are afforded to utilize natural
resources and improve arts and manufuctures.  With regard to
the extent and nature of such science education, it appears 1o be
the result of experience in all the more advanced countries; (1)
That there should be special practical scheols to {rain investiga-
tors and practical science workers in the departnients most
important to the welfare of the community.  (2) That science
study shouid form some part of a liberal education. (3) That
the clements of some of the natural o1 physieal sciences should be
taught in all the common schools. (1) That means should be
employed 4o train competent teachers of science. This being
what I understand by science education, with reference to its
nature, results and methods, let us glance at some of the efforts
put forth on its behalf, more especially in the mother country.
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THE ROYAL SCHOOL OF MINES, LONDON.

In London the principal institution for science education:
supported directly by the Government, is the Royal School of
Mines, Jermyn street, with which is associated the Royal College
of Chemistry in Oxford street.

The Royal School of Mines is an outgrowth of the Geological
Survey of Great Britain, whose building it shares, and whose
officers are its chief dircetors and instructors. This association
gives it great advantages in securing the influence and manage-
ment of the distinguished head of the Survey, Sir R. X. Murchi-
son, and the services of such eminent practical geologists and
naturalists as Huxley, Etheridge and Smyth,” as professors, in
giving the students access to large and admirable collections in
geology and an cxtensive scientifie library, and in placing the
young men under the immediate superintendence of those who
have the best opportunities for opening up to them the paths of
usefulness end success. The very atmosphere of such an institu-
tion savours of practical scicnee, its appliances for work and study
are of the most inviting description, and it has several prizes and
scholarships for its more deserving stndents, and gives the title of
% associate” to those who pass its final examination. Notwith-
standing these advantages, though it has many occasional or par-
tial students, the number of regular studeats has been much
smaller than could be desired. This may in part be aceounted
for by its situation in a city not dircctly interested in mining,
and remote from the great mauufacturing districts; in part,
perhaps, by the want of appreciation of the advantages of science
training on the part of the English publie. It is certain, how-
ever, that the School of Mines, though its iustructing officers are
second to none in the world, is inferior to the great science schools
of America and the continent of Europe in its academical organi-
zation, in the completeness of its course, more cspeeially In the
direction of literary and mathematical culture, and in the standard
of attainment required for entrance. Were it improved in these
respeets, and cnabled to offer a larger number-of direet prizes to
students, its uscfulness might be greatly increased. Still, with
these limitations, the success of the sehool has been great. It has
trained a succession of competent men for geological surveys in
the United Kingdom and thecolonies. Among others, the present
head of the Geological Survey of Canada is one of its graduates.
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It has also sent forth a number of trained men into mines and
manufactures, who have been very successful, not only in intro-
ducing new improvements and inventions, bat in realizing for-
tunes for themselves; and it is stated that the demand for these
men is much greater than the supply. The course of study in
the School of Mines extends over three years, and in the senior
year the students are allowed options, by virtue of which they
may devote themselves specially to chemistry, mining or geology.

The Royal College of Chemistry is & distinet institution, situ-
ated in a different part of the town, which is a cause of some
inconvenience to the students of the School of Mines, who have to
attend its lectures and classes in practical chemistry. It was
established originally by a private subscription, but has heen
adopted by Government. Under the able management of Prof.
Frankland, it is a useful institution, and always erowded with
pupils. It has, however, accommodation for ouly 42 practical
students, and this by no means of the airy and sumptuous charac-
ter to be found in the laboratories of the continent of Iurope and
the United States. Crowded among the shops of a noisy busi-
ness street, it has no room for extension, and its teachers and
students have to submit to many inconveniences which 1sight
readily be obviated were it removed to a more central locality,
and provided with a laboratory fitted up with modern improve-
ments. It must, however, be admitted that the utmost possible
use has been made of its too limited accommodation.

THE DEPARTMENT OX SCIENCE AND ART.

The Royal School of Mines, as well as the Royal College of
Science, Dublin, aud the Edinburgh Museum of Science and Art,
are under the dircction of the Government Department of Science
and Art; but its largest sphere of operations is in the great South
Kensington Muscum, and the schools connected with it through-
out the country. In its last xeport these schools and classes are
stated at 925 in all, with an agaregate of 24,865 pupils. This
represents much science teaching ; all, however, of an clementary
chavacter, and of small amount rclatively to the great population
of Britain and Ircland. Much of the teaching is necessarily done
by teachers of a very humble grade of scicutific attainment; bat
the most effectual means are taken to aseertain that it is faithfully
done, and to give it opportunities for improvement. 'The princi-
ple adopted is that of giving moncy aids to teachers, building
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grants, grants for apparatus, &e., scholarships and exhibitions,
medals and prizes to pupils. All of these are awarded on the
results of rigid examination, conducted by papers sent from
Loundon and reported on by examiners, among whom are some of
the first seientific men in the country. The aids to teachers arc
at the rate of £2 per anvum for cach first-class pupil, and £1 for
each second-class pupil; and the teacher, in order to receive aid,
if not a University graduate, must have obtained at least a
second class in the advanced grade of these examinations. Of the
aids given to pupils & number are in the form of exhibitions in
aid of attendance on higher science schools, and in the ease of the
higher Government schools the fees arc remitted in favor of
students taking these exhibitions. It would be difficult to
imagine a system likely to do more good, and all that is wanted is
that it should be further extended, and that more thorough
means should be adopted for training the teachers.

SOUTII KENSINGTON MUSEUA.

The most conspicuous part of the establishment at South
Kensington is its museum, embracing a vast collection of objeets
illustrative of industrial products, art and manufactures, and one
of the most popular and useful places of instruction by the eye in
London. It is proposed to remove to the extensive buildings at
South Kensington the vast Natural History collections of the
British Museum, and also the collections of the Geological
Survey, so as to promote science study as well as that of art.
Axt education on an extensive scale is conducted at South Ken-
sington itself; as well as in 2 multitude of affiliated art schools.
More especially, young persons are trained as teachers, and with
refereuce to practical applications to decorative art of every
deseription.  As illustrations of these, I was shown large collec-
tions of patterns for wall papers, table cloths, pottery, and
coloured and engraved glass, prepared by the pupils for competi-
tion for prizes offered by manufacturers; while in a gallery of the
museum, assistants were busy in arranging a vast collection of
drawings and paintings sent in from affiliated schools for competi-
tion. In the Art training school I saw hundreds of pupils
engaged in all kinds of work, from the elements of drawing to
studies in painting aud modelling from life. In addition to the
study in the schools, the studeats, of whom there are between
eight and nine hundred, have access to the Galleries of Art in the
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Museum, and to an Art Library of 25,000 volumes, and a collee-
tion of 55,000 engravings and photographs.  Last year 107
schools were conducted under the “Department” with 20,000
pupils ; and in addition to these, elementary drawing was taught
in 1,094 schools to 120,928 children. Though art is distinet
{rom science, I think it proper, when speaking of South Kensing-
ton, to refer to its work in art as well as in science. Not only is
seience the handmaid of art, but art is also the handmaid of
scienee, and both must flourish or decay together. More espe-
cially the siudy of art in its application to the wants of ordinary
life, cammot fail to be auxiliary to the advancement of science.
It is a matter of profound regret that the Boards of Art, organ-
ized in this country more than ten years ago, have been permitted
to lanzuish, and have not been enabled to establish here institutes
on the plan of thoese of the Department of Science and Art in
England.

TIIE LONDON UNIVERSITY.

University Cullege, London, has no organized science school,
but it trains men for the Bachelor of Science examination of the
London TUhniversity. This is a general science cxamination,
implying the training neeessary for matriculation, and subsequent
studies in Physies, Chemistry, Animal Physiology, Geology,
Logie, and Moral Thilosophy.  Bachelors of Science of two
years standing e.nn go up fur an cxamination for the degree of
Doctor of Scicuee. These scicnee degrees of the University of
London do not lead direetly to practical work, and this is an
important dufect in the system, but they are, no doubt, very
impurtant as stimuli to the general preparatory training required
by cvery man of scicice. The Bachelor of Science degree, as
offercd by the Cuiveraty of Liondon, has also undoubtedly tended
to raise scicnce lo its proper status in connection with the higher
education, but it is not as yet largely taken. At the graduation
in May last, at which T was present, there were only eleven
Bachelors in Scicnee and scventy Bachelors in Arts.  This arises
in part from the want of prestige and antiyuity in the degree
itself; and in part from its having to compete with the honours in
science which may be tzken in courses in arts, and with the
special science schools.

The Birkbeck laboratory of University College accommodat
24 practical students; and I was pleased with the ingenious
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arrangement of its theatre, by means of which 98 students can be
employed simultancously in making experiments with tests, under
the direction of Professov Williamscn and his assistants.  This is
only oné among many indications which I observed of the tendeney
to give to examinations and instructions in science a practical
character, an evidence that its true nature is being more and
more appreciated.

THE ROYAL INSTITTTION.

It would be wrong to leave London without referring to the
remarkable and unique establishment known as the Royal Insti-
tution, founded in 1799, at the suggestion of Count Rumford,
and celebrated throughout the world as the theatre of the labours
of Davy, Faraday and Tyndall, while in Loadon itseif it is known
and valued as an agrecable and popular exponent of scicnce by
means of its lectures and discourses. T'he Royal Institution has
2 good huilding in Albemarle strect, containing its theatre, labo-
ratories, library and readingroom. Its function is iwo-fold.
First, it sustains as its professors cmiunent scientific men, and
provides them with the means for prosccuting original rescarch;
sccondly, it provides, by its afternoon and evening lectures, the
means of presenting to the more refined and educated classes
information as to the latest results of scientific discovery from
the lips of the actual discoverers themsclves.  Its lecture-room is
always filled with a cultivated and atteutive audicnce, who have
the advantage of learning orally and at first hand what others
must gather from reading, or from secondary sources.

The Royal Ingtitution thus oceupics a middle place hetween
the general public and those Scientific Societics, like the Royal,
Geological and Linncan, whose oljeets are strictly scientific or
special, and whose meetings are consequently almost entirely
composed of scientific men. At the same time, it promotes
original research in a manner peculiar to itsclf, and in the highest
degree successful. It undoubtedly exerts a most important in-
flucnee in keeping those who move in the higher strata of society
in London abreast of the science of the day, and thus in precuring
moral as well as material support for scicntific rescarches; more
espeeially for those which, not heing of direct educational or
practical utility, arc liable to be neglected even by the more
intelligent portion of a community engrossed in the accumulation
of wealth or in the still more laborious pursuit of spending it.
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OWEN'S COLLEGE, MANCIIESTER.

In the great manufacturing community of Manchester, acade-
mical education rears its head in an institution of no mean repute
in the matter of science education. Qwen’s College is, like our
own McGill, based on the liberality of o wealthy merchant, whose
name it bears, supplemented by numerous additional benefactions,
Among these I find a sum of :£10,000, subseribed by 118 mer-
chants and others, for a chemical laboratory and a library; a sum
of £9,472 subseribed by the principal engineers of Manchester
and neighbouring towns, for the foundation of a chair of civil and
mechanical engineering, and a fund of :£200 per annum to aug-
ment the endowment of the Professorship of Chemistry. These
poble benefactions remind us of the liberality of some of our
Montreal merchants and professional men, and should act as a
stimulus to others. {

I am indebted to Principal Greenwood and Professor William-
son for enabling me to learn the nature and results of the science
teaching at Owen’s College, which, in many essential respects,
more nearly resembles one of our Canadian colleges than any
other institution which I saw in England. The department of
general literature and seience, or, as we should say, the course in
arts, extends over three years. and, like our own, includes a
certain amount of modern languages, and physical, natural, and
mental science.  The department of theoretical and applied
scienee, or science eourse proper, also extends over three years.
The first is identical with the first in arts.  The second and third
are occupied entirely with science subjects, along with the French
or German language. The students in this department are pre-
pared for the Bachelor of Science examination at London. This
course is said to be suited to prepare ““ for the higher departments
of manufacturing art, and for pursuits and professions purely
scieniific.” It is also said to be “adapted for such as are here-
after to be eagaged in commercial pursuits,” a remarkable testi-
mony to the ideas of cducation on the part of business men at
Manchester, who, in this respect, come up more nearly than any
others in England and her colonies to the standard of the New
England cities. The Principal informed me that there were, last
session, 100 students taking this science course. The third
department in Owen's College is that ot civil and mechanical
engineering, in which students are prepared for the examinations
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in engineering in the Indian Public Works Department, and also
for entering on the higher branches of the engincering profession.
The course extends over three years. It had only twenty students
last year. .

Another and most interesting feature of Owen’s College, suited
to its position in a great manufacturing town, is the provision
made for ecvening classes. These include the subjeets of the
general course, and al:o a pharmaceutical course intended to
prepare chemists and druggists for the examinations under the
Pharmacy Act. dlost of the students in these classes are what
we would call partial students; but some study for the degree of
B.A. of London University. The intention of the college is to
accommodate those whose business engagements prevent them
from attending lectures in the day time; and the number of
students last year was no less than 400. This is a remarkable
indication of the avidity for learning on the part of the young
business men of Manchester, who enter on this somewhat severe
course of siudy as an employment for their evenings, and after
the toils of the day. It is further to be considered that wany of
these young men have to walk or drive considerable distances in
order to attend these classes; but in all the cities of England
distance is much less regarded than it is in this country. Prof.
Roscoe delivers a scparate course of lectures on chemistry to
women, which, I was informed, had been successful, though I did
not note the number of students. The authoritics of the college
have under consideration the establishment of a regular academical
course for women, which will be largely of a scientific character.

Owen’s College has its class rooms at present in an old building
adapted to its use; but an clegant new building is now in process
of crection at a cost of £90,000, and a sum of £130,000 is said
to have been raised as a building fund. The foundation stone of
this building was publicly laid in September last. Itis to be
observed that Mr. Owen wiscly prohibited any portion of his
cndowment fund being espended in buildings, and that the
Government of Great Britain has given no aid to Owen’s College,
so that this lavge sum is a product of private munificence, chiefly
in the town of Manchester.

SCIENCE TEACHING AT CAMBRIDGE.

The two great English Universities of Oxford and Cambridge
are obviously not content to lic under the aspersion some time ago
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cast ou them by an cminent scientist that their “atmosphere” is
unfavourable to scientific study. Both are making rapid strides
in this direction.

At Cambridge, under the kind guidance of Prof. Stokes,
himself one of the most eminent of living physicists, and of the
patriarchal Sedgwick, and his able assistant Seeley, I saw the
improvements which in Jate years have been made in the means
of study in natural and physical seience, and which tend, with
other changes, to give greater effect to the regulations in favor of
the naturai science tripos.  Still more recent movements in this
direction ave the appointment of a university professor of pure
physiology, and the movement in aid. of a university professorship
and demonstratorship of experimental physies, towards the build-
ings and apparatus for which, the Chancellor, the Duke of
Devonshive, has offered a contyibution of :£6,300.

WHAT OXFORD IS DOING.

Oxford has, however, taken the lead of its sister University in
this matter, and I shall therefore notice more in detail what I
had the pleasure of seeing there in the way of provision for
practical science teaching.

The new muscum, now of world-wide reputation, is not mercly
a muscum in the more modern sense of the term, but a series of
scientific Jabceratories and class-rooms, attached to a magnificent
library and muscum. The muscum proper had- been largely
inercased and improved in its collections sinee my last visit in
1865, and its great eentral glass-roofed court, more than 100 fect
square, with its surrounding galleries, is now well filled with
gpecimens in Geology and Zoology. On the south and west
sides the muscum is encompassed with class-rooms and labora-
tories in geology, chemistry and physical sciecnce.  On the north
gide are the laboratories and class-rooms in physiology. Prof.
Phillips was absent, owing to an attack of illness, and in his
department I saw only assistants engaged in laboriously piccing
together the huge bones of the Cetiosaurus, a gigantic reptile
with thigh bones more than five feet in length, of which a
magnificent skeleton has recently been discovered in a quarry not
far from «Oxford. I had, however, the pleasure of secing the
students at work in the laboratory of practical chemistry, under
Prof. Brodie, and of examining the admirable arrangements of
Prof. Rolleston for practical work in physiology. Among other
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things which I saw in the physiological laboratory, were excellent
dissections of mollusks and worms made by students as a part of
their examinations in the honour course of Natural Seience.

Though the muscum contains rooms for experimental physics,
the University hus greatly enlarged its means of instruction in
this department, by the ercetion in the vicinity of the museum of
a physical laboratory, which I believe will cost about ££0,000,
and which, in the perfection and completeness of its arrangements,
will surpass all similar workshops of science, not only in Togland,
but in the world.  Irofi Clifton, who himself showed me the
buildivg, and explained its plan, has endeavoured to make this
laboratory in itself a model of practical science, considered as the
art of doing cverything in the best way, by applying in the most
perfect manner every known iwprovement and many oviginal
inventions of his own, to secure convenience and accuracy of
working.  The building has a ceatral hall for apparatus, and for
certain experinients requiring large space ; a class-room, which is
a model of' acoustic perfection and mechanical arrangement; and
a number of work-rooms, in which all the most delicate kinds of
operations in weighing and measuring can be carried on with the
best apparatus and with every preeaution against error. This
labovatory was to he opened in the present autumn, and I was
informed by Prof. Clifton that he expected to begin with about
thirty practical students, The object of the laboratory is two-
fold—(1) to train obscrvers and experimenters more thoroughly
than herctofore; (2) to uwadertake original physical researches
with move perfect appliances than those now avaitable.

The Oxford new Muscum, with the neighbouring Physical
Laboratory, thus constitutes in itself a great cducational institu-
tion in physical science, managed by some of the ablest instructors
and original investigators of the day, and providing for studics in
experimental physies, chemistry, mineralogy, geology, physiology,
aund zoology, botany being otherwise provided for in conncetion
with the Botanic Garden: It has seven large class-rooms and a
multitude of working-rooms and laboratories, with the scientifie
department of the Radeliffe Library. These appliances arc as
yet large in compurison with the number of students who use
thew; but the number of students is increasing, and this appar-
ently not at the expense of the literary courses of study. It is to
be observed, morcover, that the aim of the Oxford Science School
i3 high, Tts object is not so much to train practical workers in

Vor. V. S Xo. 3.
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science as applied to the arts, as to give the education necessary
to cnable those who receive it to take their places as original
investigators in the advancement of theoretical science, and in
connection with this to bring out the true value of physical scienee
as a means of seeuring the highest mental culture.  Viewed with
reference to these ends, Oxford is undoubtedly an exccllent
Science school ; and a University which offers its highest honours,
in courses. in which practical chemistry and physies, and dissce-
tions of invertebrate animals, constitute important parts, cannot
be regarded as unfavourable to the cultivation of science. It
must be admitted however that these improvements have been
cifeeted only after severe contests between the adrocates of modern
scienee and the conservative element in the University, contests
in which my valued friend, Dr. Acland, well known to many of
us here, has borne an influential part.

MOVEMENT IN EDINBURGIL

Idinburgh has as yet no organized Science school, and has
undoubtedly been falling behind the English schools in its repu-
tation for training in natural science. This is, however, a relative
rather than an actual decadence, and there is a very strong desire
on the part of many of the friends of the University to restore its
ancient reputation in this respeet. In evidence of this we have
the recent endowment of the Baxter Chair of Engineering, and
the still more recens offer of Sir Roderick I. Murchison to give
£6,000 as the endowment of a Chair of Geology, which I am
informed the Government is likely to supplement with a like sun.
The Department of Science and Art has also attached to the
University & museum on the plan of that of South Kensington,
under Prof. Archer; but few lectures are delivered in connection
with is. No Tustitution in Great Britain has a better field for
seience education than Edinburgh, and it possesses many excel-
lent teachers, but their action is to some extent paralyzed by
want of facility for mutual co-operation, and by the want of some
professorships necessary to complete the course of study. In the
meantime, there are excellent practical classes in chemistry, ex-
perimental physies and botany, and there is an academical course
for a science degree. In this course the candidate is required to
have the degree of B.A., M.A., or M.D., or to hold certificates of
having passed the examinations in two of the departments of the
University course, or to have matriculated in the University of
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IIe must then pass a general examination in mathematics, physies,
chemistry, zoslogy, and botany ; but may omit this examination
ifan ML.AL who has taken honours in natural science, or an M.B.
or M.D. who has taken honours in natural history, and has passed
the cxaminations in physics, higher mathematies, and logie.
There is then a final examination, in which the student may
scleet one of three branches in which to pass, viz.: (1) Mathe-
matical science; (2) physical and experimental science; (8)
natural seience.  On passing this examination he is entitled to
the Degree of Bachelor of Science; and at the end of twelve
wonths muy come up for the degree of Doctor of Scicnee, in the
examination for which he must show profound knowledge of a
special scientifie subject,  Lhe number of candidates for these
degrees is not as yet large, bub is increasing.  Whey might
obviously be rendered much more valuable and attractive by
conuection with speeial seience cowrses, leading to applications to
the arts or to definite branches of original research.

Tt may be well to mention here that the Principal of Edinburgh
University, in his inangural address, has suggested the omission
of Greek from the University course for 3LA., to make room for
seience culture, and that the chairman of the eadowed Schools
Committee hag, as already mentioned, put this idew in a practieal
shape before the Iinglish Universitics, in an official letter to the
Vice-Chancellors, in which he intimates the design of the Com-
missioners to cstablish schools in which I.atin alone shall be
taught, in addition to science and modern languages and litera-
ture, and nvites them to open their examinations for degrees and
honowrs to the pupils of such schools. While it is to he doubted
whether any such change is required here, where classies have
not heen so exclusively insisted on in the schools as in Jngland,
the avguments adduced by Lord Lyttleton in his circular are well
deserving of study, as indicating the strong fecling among parents
and educated persons in England that science education for their
children is a matter of absolute necessity, and that, il it cannot
otherwise be obtained, some portion cven of their cherished
literary culture must be suerificed to a want, on the supply of
which even national existence may depend.

GERMANY AND SWITZERLAND.

But though much is being done in England apd the United
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States, setence and technical education are carried to a still higher
point in Germany and Switzerland, which perhaps excel all other
countries in this respeet. In the former country, while every
one is cducated, general education is made to lead to technical
education in a great variety of schools, suited topersons in all
conditions of life, and culminating in the great technical Univer-
sities, a kind of institution as yet unknown in the English-speaking
world, unless Cornell University can be regarded as a step in this
direction. In Germany there are now no less than six technical
Universities, and a large number of technical colleges or higher
schools to train students for these Universitics, or for dircctly
entering into emwployments in arts and manufactures.

TECIINICAL UNIVERSITIES.

Mr. Scott Russell, in his woyk on Technical Education, takes
the Polytechnicon, or Technical University of Switzerland, as an
example of the most perfect organization of this kind; and I may
abridge from his notes the following facts as to its seope and
organization. Its courses of study are arrunged uader 145
subjects, divided among 31 professors, 10 assistant professors, and
1G private teachers and lecturers. They consist entirely of
science, applications of science to the arts, and modern languages,
literature and history. Among the few subjects not included
under these heads are the Swiss federal cousititution and rights,
and the Biblical History of Creation, a subject scarcely thought
of in the Tuglish world, even in the cducation of theological
students. The students are either regular or “free,” the latter
taking selected courses; but of 762 students only 173 are free
or occasional. In the regular programme of study the 145
subjects above referred to are divided into cight groups: (1)
Preparatory subjects necessary for those who come imperfectly
prepared ; (2) subjects relating to architecture and building; (3)
civil engineering ; (4) mechanical engineering ; (5) practical
chemistry ; (6) agriculture and forestry; (7) subjects necessary
for scientific workers, professors and teachers; (8) a general
course of philosophy, statemanship, literature, art, and political
economy. In aid of these courses of study the University posses-
ses an astronomical observatory, arranged for teaching observers;
a chemical and mechanical laboratory, for cxperiments in new
inventions, &ec.; a chemical laboratory, for ordinary practical
teaching, which Mr. Scott Russell calls a palace of science in
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comparison with similar places in Xngland; collections of draw-
ings, models and machines; a collection of architectural models
and sculpture; collections in zoology, geology, and antiquities;
and a botanical garden. Lo the foundation of the University the
Federal Government of Switzerland contributed £20,000, and
the canton of Zurieh £136,000. Its annual expense is very
moderate, being only £13,459 sterling.  Irom such institu-
tions in Germany and Switzerland annually proceed numbers of
cducated young men who are prepared to advance every branch
of art by the applications of science, who are distancing England
in so many manufactures, and who are now contributing so
largely to the wonderful success of the German armies. It is
well for us to remember that the Technical University of Zurich
ministers to the wants of a population of only two millions and a
half, or considerably less than that of Canada, and that even the
little state of Wurtemburg, with a population of less than two
millions, has its Lechnical University at Stuttgardt, with no
fewer than 57 professors and teachers. It is further to be ob-
served that these Universities ave but the higher principles of a
complete systemn of technical edueation, descending from them to
the humblest schools of practical seience, for the children of
labourers. It is scarcely necessary to add that they do not
detract from or interfere with the great general Universities of
(fermany, in which scholarship and philosophy have reached so
high a pitch of development.
A recent Bnglish writer thus culogizes the Irussian system :—
#1he Prussians, whatever their other qualities, are emphati-
cally a scientific people, and to that predominating characteristic
first and foremost ave their recent military triumphs due. We
do not mean that because they are great chemists, astronomers,
and physicists, therefore are they necessarily great soldiers; so
varrow a proposition would hardly be tenable.  What we mean
is that the spirit of seience possesses the entire nation, and shows
itself, not only by the encouragement given thronghout Germany
to physieal researeh, but above all by the scientific method con-
_ spicuous in all their arrangements.  What does the word Science,
used in its wider sense, imply 7 Simpiy the employment of means
adequate to the attainment of a desived end.  Whether that end
be the constitution of a government, the organization of’ an army
or navy, the spread of learniug, ov the repression of crime, it the
means adopted have attained the object, then science has been at
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work. The method is the same, to whatever purpose applied.
The smme method is neeessary fo raise, organize, and equip a bat-
talion, as to perform a chemical experiment. It is this great truth
that the Germans, above all other nations, if' not alone amongst
nations, have thoroughly realized and applied, In all the vast
combinations and enterprises with which they have astonished
the world, no one has been able to point to a single deficiency in
any one essential clement.  Tvery post has been adequately filled
and every want provided for; from the monareh, the statesman,
and the strategist, to the lowest grade in the army. This is the
method of seience, literally the same method which teaches the
chemist to prepare his retort, his furnace, and his re-agents, before
conuencing bis experiment.”

WANT OF SCIENCE TEACHING IN CANADA.

Let us now turn {0 our own dountry, and study its means and
appliances for the pursuit of practical seience. The taskis an
casy one, for with the exeeption of two or three small and poorly
supported agricultural schools, this Dominion does not possess a
school of practical science. With mining resources second to
those of mno country in the world, we have not a school where a
young Canadian can thoroughly learn mining or metallurgy ; and,
as a consequence, our mines are undeveloped or go to waste under
ruinous and unskilful experiments.  With immense public works,
and constant surveys of new territories, we have not a school fitted
to train a competent civil engineer or surveyor. Attempting a
areat variety of manufactures, we have not schoels wherein young
men and young women can learn mechanical engincering, practical
chemistry, or the avt of design, or we are vory?® feebly beginning
such schools.  We have scarcely begun to train scientific agricul-
turists or agricultural analysts. Qur means for giving the neces-
sary education to original scientific workers in any department, or
of training teachers of science are very delective, ITitherto we
have been obliged to limit oursclves to the provision of general
academical courses of study, and of the schools nccessary for
training men in medicing, law and theology.  Other avenues of
higher professional life arc, to a great extent, shut against our
young men, while we are importing from abroad the second-rate
men of other countrics to do work which our own men, if trained
here, could do better.  Let us enquire then what we are doing in

aid of science education, more especially in this commercial and
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manufucturing metropolis of Canada, which we may surely ven-
ture to regard as at least 2 Canadian Manchester, and something
more important than a Canadian Zurich.

WIIAT IS BEING DONE IN MONTREAL.

(1) We have at least advaneed so far as to regard physical
science as a necessary part of a liberal education. In McGill
University some part of natural or physical seience is studied in
each year of the College course, and we provide for honour studies
in these subjects, which are at least sufficient to cenable any one
who has faithfully pursued them to enter on origiual research in
some department of the natural productions and resources of the
country, and to receive some considerable portion of the training
which such studies can give. "We have provided in our apparatus,
museum, and observatory, the means of obtaining a practical ac-
quaintance with several important departments of science. But
in a general academical course of study too many other subjects
require attention to allow seience to tuke a leading place; and it
is not the proper course of cducational reform to endeavour to in-
trude science in the place of other subjects ab least quite as neees-
sary for general culture. We require to add to our general course
of instruction special courses of practical seience, presided over
by their proper professors, and attended by their own technical
students.

(2) The lower departments of science education are to some
small extent provided for by the teaching of clementary seience in
the schools. This, imperfeet though it is, is of value, and I at-
tribute to the partial awakening of the thirst for scientific know-
ledge by the small amount of science teaching in the ordinary
schools in the United States and i this country much of that
quickness of apprehension and ready adaptation to new conditions,
and inventive ingenuity which we find in the more educated por-
tions of the common people.  The Provincial Bourd of Arts and
Manufuactures also deserves eredit for the attempts which it has
urade, under many discouragements, to provide science and art
clsses fur the children of artisans. Proposals are also before the
Tocal Legislature for Schools of Agricuiture. The Local Gov-
ernment has procured reports on this subjeet from the Principals
of the Normal Schools, and has also sent a special agent to study
and report on the Agricultural Schools of France and Belgium,
which arc well worthy of imitation. A still more important sug-
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gestion has been made to the Dominion Government by the Di-
rector ol the Geological Survey for the erection of a School of
Mining.

These arrangements and proposals are valuable as far as they
extend ; but they {ull short of providing the full measure of the
higher science education, whether with reference to the training of
original investigators, or of the various kinds of professional men
required for the developement of the resources of the country.
Let us enquire how this wider and higher seience culture can he
secured.

SUGGESTIONS FOR IHIGHER SCIENCE TEACINNG.

The higher technical and seience education may he provided
for in cither of the following ways. (1.) We may have speeial
schools of mining, engincering, &e., cach pursuing its own course,
and not connected with any gengral institution. The objections
to this are, that it is not cconomical, that it cannot provide the
necessary literary and general training, that the pupils of such
schools are very likely to be of various degrees of excellence and
very partially trained. Such objections arc applicable to schools
like the Royal School of Mines in London, and I think they
would prove fatal to the influence of such schools in this country.
(2.) We might imitate the German teehnical wniversities. This
would be the most thorough course possible; and were the means
forthcoming, I cannot conceive of any greater educational bene-
fit to this country than the institution of such an University.
But it may be long before we shallfind in our Legislatures, general
and loeal, the wisdom and patriotism which actuated those of
Switzerland in establishing the Zurich School; and we may have
to wait quite as long for the appearance of a Canadian Cornell to
cive and to stimulate legislative liberality by his giving. (3.)
The last, and, it appears to me, the only practicable course at pre-
sent, is to ask for endowments similar to those of TLawrence and
Sheflield, and thus to establish speeial courses of Science in con-
neetion with academical institutions, on the plan so well carried
out in Owens’ College, Manchester, and in the Sheflield School of
Yale. This has proved the course most suceessful in the United
States and in the Mother Country, and I have no doubt will prove
so here. Tt ds to be observed in this conncetion that I would not
propose merely the institution of a Science degree. We have in
this University the means to do this now, but I doubt its expe-

7
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diency, more especially as our honour course in Mathematical and
Natural Seience is equivalent to that for such a degree and some-
thing more, and can be as readily and easily pursued. Nor could
I follow the advice above referred to as given by the Principal of
Kdinburgh University and the chairman of the Badowed Schools
Comumission, to curtail the elassical part of the ordinary coursein
favor of science studies. Such an arrangement would, I have
little doubt, injure the literary part of the academical course more
than it would benefit scicnce. I would prefer a regular and defi-
nite science school, with a course extending over three or four
years—the first year to be identical with or similar to that of the
ordinary course, or an cquivalent examination to be cxacted, at
least, in modern literature and seience; and the remaining years
to be occupied with mathematical, physical and natural science,
and modern languages, branching in the closing two years into
special studies leading to particular scientific professions, The
staff and appliances of such an institution would depend on the
extent of its range; and this, to ensure success, should not be small.

It may be asked, would students be forthcoming ? I may with
confidence answer the question in the afiivmative.  From the ap-
plications made to me on the part of young men for whom I can
do little or nothing, I believe that one central well-appointed tech-
nical university in this Dominion, would be well sustained, in so
far as the number of students is concerned ; and that the exten-
sion of population, of mines, manufactures, railroads, and other
works, would afford an ample outlet for all the men it could train,
while the professional worlz of such men would itself tend to in-
crease the demand.

It is certain, Lowever, that if the Government of this coun-
try could be induced to sustain a system of clementary technical
schools similar to those of the Depavtment of Science and Artin
England, or similar to those of Prussia, a double benefit would be
seeured, in so far as the higher seience education.is concerned, in
finding occupation as teachers of science {or some of the graduates,
and in giving the neeessary preliminary training to students.  Ag
the same time the effects of such schools would be of inculeunlable
importance to the working classes of this country. liceal bene-
factors might do somcthing for such schools; hut for a proper
system the Legislature must intervene, and it ean sccure the end
only by payment for results on the Jnglish system, under proper
arrangements for examination and inspeetion.
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TINE EARTHQUAKE CF OCTOBER 20th, 1870.

W Prixcrean Dawsox, LTD., F.R.S, &e.

One of the uses of this Journal is to record, in a permanent
manuer, any rare ov unusual natural phenomena, the notices of
which, in the daily and weckly press, would soon perish. This
function the Nu/Zuralist has hitherto performed with respect to
Garthquakes.  In our number for October, 1860, a detailed ac-
count was given of the Barthquake of the 17th of that month,
which, in many respeets, resembled that of this year.

Tn conncetion with that event, a general notice of the received
theories of Barthquakes was given, and also a catalogue of all
the previowsly recorded Larthquakes felt in Bastern America,
about 87 in number, of which at last 29 were felt in Canada,
more ov less severely—by far the most violent having apparently
been that of February 5th, 16463.%  The next earthquake of any
importance was that of April, 1864, a detailed notice of which
will be found in the Natwalist, Vol. 1., N.S,. p. 156.

The following extracts from newspapers show the intensity
of the shock, and, approximately, its time at different places,
arranged in the order of their longitudes.

FreverickroN, N. B. — Shock felt at 11 .45.

Bic. — An carthquake was sensibly felt here at 11.30 this
morning, lasting hall’ a minute. The dircction scems to be from
West to Jast.

River puv Love, en bas, 11.13. —The shock commenced
and lasted 45 scconds; appeared to come from N. W.; accom-
panied by rather heavy rumbling.

Poixe Levr, 11.15.— A dreadful shock of earthquake
was felt here at 11.15.

QueBre.—At 11.17 am. a severe shock of earthquake was
felt here.  Buildings shook and bells rang ; several chimneys were
knocked down in Desfosses street, and two persons nearly killed.

Bosrox.— A shock of carthquake was felt here and all along
the line from Montreal.

Thr BEARTIIQUAKE. — INVERNESS, P. Q., Oct. 20th. — A\
severe shock of carthquake was felt here to day at about 11.25
a.m., which lasted for over a minute. The course of the undula-
tion scenied to be in wan casterly divection. It caused great alarm
in ihis vieinity.

#Capadian MNaturalist, Ist Series, Vol. V. p. 383.
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SucrBookE.— Felt earthquake here at 11.25. Shook the
office books off the table, and the clock down.

Ricayoxp, 11.17 a.m.— A severe shock just felt here.
Buildings at station rocked a good deal.

Durnay, P. Q., Oct. 20.— A slight shock of an earth-
quake passed here about 11.15 aan., moving north. It shook the
houses quite pereeptibly, and lasted several moments.

Turer Rivers, 11.25.— A very severe carthquake has
been experienced in this city. The vibrations were very severe,
lasting several minutes.  The people ran out of their houses.

Nicorer. — A violent carthquake was felt here at 11.19.
The whole building tottered, as if about falling. It lasted about
20 seconds.

Berriier.~—~We had an earthquake very strong in Berthier
at half.past eleven to-day.

Sorer, 11.14 am.—A shock of carthguake was dislinclljf
felt here, of nearly a minute duration.

Sr. Hyscintie, — A strong shock of carthquake was felt
here at 11.15, lasting about thirty seconds.

Warernoo VILLAGE, P. Q., Oct. 20th— The shock of an
carthquake was felt here at 11.30 to-day; duration about fifty
scconds. It commenced with alow rumbling noise. Buildings

shook and trembled, and people rushed out of their houses
terrified.

Rousr’s Pornr, 11.20.—Severe shock of carthquake here.
The Railroad depot shook very much.

St. Jonw's P. Q.—Quite a severe shock of carthquake at
11.15.

MonrrEAL—The shock was felt at Quebee about 30 seconds
before it reached here.  The operator at Quebee was just in the
act of asking his confrere of Montreal if any shock was felt,
when wall and instrument. began to vock and shake.

ArBaNY,—Not felt within 16 wiles from here.  Felt in
Schenectady, N. Y., Cambridge, N. Y., and Cooper’s Town,
N. Y. .

New York.—A severe shock of carthquake was felt in this
city this morning about 11 o’clock. Shocks were also felt in
Scheuectady, N. Y., Cleveland, 0., Boston, Burlington, V.,
Yortland, Me., Troy, Saratoga, Warrensburg and Warsaw, N. Y.

St. ANDREWS.~— Shock of carthquake this morning; lasted
30 scconds.
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I’Orianarn, 11.15.—We felt a very severe shock of carth-
quake, which lasted about half a minute. It shook the Court
Iouse in which the telegraph oflice is.

Corrar Laxpist.—Severe shock of carthquake this morn-
ing; shook buildings.

Orrawy, Oct. 20, — A strong shock of carthquake here
this forenoon.  Drizzling rain and cold.

St. CarneriNgs.—A shock of earthquake felt here.

Owex Sovxp, Oct. 20.— A shock of carthquake was fult
here this morning, commencing at 10.52, and lasted about 3
minutes.

In several places it is noticed that the shoek was much more
severe on sandy and loose ground than on solid rock. This is an
ordinary oceurrence, depending on the rapid and unobstructed
passage of the vibrations thyough solid rock.  T'his same cause no
doubt accounts for the circumstanee that at some places the shock
was not felt at all, while in others not far distant it was felt
severely.

The following notice sent to cne of the newspapers by Mr,
Bennetis, of the Capel Mine, is curious, as in other cases such
shocks are often felt severely in mines; but the rapid or vertieal
transmission of the chock may aceount for it in conneetion, per-
haps, with the dircetion of the vein and of the workings.— ¢ At
this mine the shock of the carthquake was very plainly felt at the
surfacy; but at the time of its occurence [ was some 200 feet un-
derground and ncither the miners, of whom there were about
twenty, nor wmysclf, felt the shoek or noticed anything unusual.
Could it be ascertained, it would be interesting to know to what
cxtent other mines were affected by such an unusnal ocewr-
rence.”

On the other hand I am informed by Mr. James Douglas,
of Quebee, that in the Iarvey I1ill Mine, in rock not dissimilar
from that at the Capel Mine, and in the same region, though
more to the eastward, the shock was sufficiently violent to throw
down masses of rock, and greatly to terrify the miners, then at
work in the mine.

In anotice contributed to Silliman’s Journal, for November,
by Prof. Newton, it is stated that the first shock began at New
ITaven, at 11h.19.m43s. A.M., New Iaven mean time. “It
lasted 10 scconds, and its individual vibrations were about two
thirds of a sceond in duration, or one and onc third of a second
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for a complete double vibration. The second series of vibrations
gecurred after an interval of D seconds, and lasted 11 seconds.

The direetion of vibration was NNI§ and SSW. It was felt
at Boston a minute and three quarters before reaching New Haven.
At Cleveland, Ohio, it was felt at the same time as at New
Haven. ¢ Slight vibrations were felt as fiar south as Richmond,
Va., and as far west as Dubuque, Iowa.” Prof. Bell, of the
(icologieal Survey, informs me that the shock was [elt at Sault St.
Marie, and on the North Shore of Lake Superior, and was ac.
companied by a eracking or rending sound in the rocks.

The following account of the Metcorological Phenomena,
attending the carthquake at Montreal, is contributed by Dr.
Sunallwood of the McGill College observatory.

¢“ Rain fell on the 13th day, followed by a rise in-the Baro-
meter, and a splendid display of the Aurora Borealis on thenight
of the 1-kth day. Numerous and very large spots were present on
the solar dise, which had been the cuse for some considerable
time, more especially during the presence of the Aurora on the
nights of the 23rd, 24th, 25th, and 26th days of last month
(September.)

¢ The maximum reading of the Bavometer at 7 a. m. on the
morning of the 16th day, indicated 30,215 inches, and was suc-
ceeded by a very fine, warm day, the mean temperature of which
was 63.9 degrees, wind S. W. Showers of rain fell on the 17th
from 10 a.m. till 3 p.m,, with a west wind and with a falling
Barometer, which at 9 p. m. of that day stood at 30.000 inches.
From 1 a.m. of the 18th (Tuesday) a very rapid and sudden fall
was observed, viz: 0.639 of an inch in six hours, and it attained
its minimum, 29.361 inches, at 7 a.m. on that day.

“ Trom that hour a gradual and somewhat sudden risc took
plece accompanied by a very heavy gale of wind. The clouds
were passing from the West, but the wind veered to all points of
the compass.  The register of the Ancmometer at the Observa-
tory shows a complete disc of concentric circles, with a velocity
varying from 39 to 15 miles per hour.

“ There was also a risc of 0.507 of an iuch in the Barometer,
with a falling temperature. I'rost occurred during the night, and
a good hreeze continued from the West. The Thermometer at 7
a.m. showed 33.1 dearees, and the Barometer 30.070 inches.

* From this time the temperature rose and the Barometer fell,
and this morning at 7 a.m., stood at 29.499 inches, Rain set in
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during the uight, and at 7 o’clock 0.21 of an inch had fallen.
Thermometer 2 degrees. Wind 8. W. Mean velocity, 3.14
miles per Lour.

“At 11 h. 17 m. Montreal mean time, 2 very considerable
shock of an cartheualke was felt generally throughout the city ; the
first series of vibrations lasted for from 10 to 15 seconds, and was
succceded by a slight interval of a few sceonds, when a second
shack oceurred, of less duration and of less intensity, lasting {rom
b to 8§ seconds.  No wave of sound was perceptible, and the wave
of motion was undulating and in a straight line (rectilinear) and
of considerable rclaxation. Domestic artieles rocked to and fro,
but no damage to buildings has resulted.

“'he magnets were very seriously affceted at 10.30.

*¢ The barometer continued to fall after the first shock. At 2
p- m. it stood at 29.299 inches; thermometer-kt.S degrees; wind
S.W,, with rain.  Professor Kingston tclegraphed me that the
magnets at the Toronto Observatory showed slight shocks at 10
minutes to 11.”

“ As usual with Canadian ecarthquakes, this was felt most
severely on the Tower St. Lawrenee, more especially at the june-
tion of the Lower Silurian and Laurentian formations in the
vicinity of Bay St. Paul, Murray Bay, and the Saguenay. The
following graphic account is given by Rev. Mr. Plamondon,
Parish Priest of Bay St. Paul, in a letter to © L’ Erencment.”

“1Unmot a la hate pour vous faire connaitre les désastres
causés, tout & coup ici «t dans les envivons, par le tremblement
de terre le plus étrange qui soit arrivé de mémoive d’hommes.
Euviron une demi-heure avant midi, wn eoup de foudre (c'est la
scule dénomination que je puisse lui donner) une ¢énorme détona-
tion a jeté tout le monde dans la stupeur ct la terre s'est mise non
4 trembler, mais & houillonner de manicred donuer le vertige, non-
seulement A tous ceux qui ¢taient dabs les maisons, mais eocore
A ceux qui étaient en plein air. Toutes les habitations semblaient
étre sur un volean, et la terre se fendillant en cing ou six endroits,
langait des colonnes d’cau & six, huit et peut-étre quinze pieds
en lair, entrainant aprés clles une quantité de sable qui s'est
¢étendu sur le sol. Presque toutes les cheminées se sont éeroulées,
de sorte que je ne pense pas qu'il en soit resté six debout dans
tout le village. Des pans de maisons se sont abattus, et ici et la
les poéles, meubles et autres objets ont ¢té renversés, emportant
avee cux les ustensiles, la vaisselle, cte.
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¢« Notre couvent, qui était sous Ja direetion des bounes sccurs
de la Congrégation est inhabitable pour le mowment, trois chemi-
nées ct le plafond des mansardes étant démolis en partiec.  Lrois
¢léves et une servante de ceb ¢tablissement on été blessées par des
pierres provenaut de I’éhoulement des cheminées: cependant
aueune d'elles n’est gravement atteinte.

¢« I'église a beaucoup souffert ; une partic de son portail s'est
{croulée, emportant un morgeau de la voiite, ¢t le reste des murs
est tellement lésardé qu'il est douteux qu'on puisse les réparer.

“ La stupeur a ¢té telle que pendant les trois ou quatre minu-
tes qu'a duré la sceousse, tout le monde pensait que ¢’en était fin,
et que nous allions tous périr. Nous sommes encore sur le qui
vive; car de temps en temps de légéres secousses se font encore
sentir,  Chacun redoute la nuit prochaine et se demande o il sera
demain matin, Il est certain que si eette catastrophe fut arrivée
pendant la nuit, nous aurions & déplorer la perte d'un grand nom-
bre de vies.

# Il nous cst venu des gens de diverses concessions, de sorte
que nous avons des nouvelles d'un cireuit d'environ quatre leues et
nulle part il wlest vesté wne habitation intacte, partout la
secousse a (6 aussi violente. A I'heurc ot j'éeris ces lignes, la
terre tremble encore, et qui sait si je pourrai terminer. Aussi
veuillez excuser le décousu de ces quelques détails que je vous
donne & la hilte, ainsi que les fautes qui peuvent s'y étre glissées.”

Other correspondents mention the opesing of chasms in the
ground, from which streams of water and sand burst forth.  This
phenomenon arises from the landstips produced in the terraces of
Post~pliocene elay which in that part of the country rest against
the steep sides of the Laurentian hills.  These are ready to shide
downward with any slight movement of the carth, and to press the
water out of the sandy layers associated with them, or give outles
to hidden springs and streams.

It is also stated, that a mass of rock 400 feet in length fell
from the face of the cliff, at Cape Wrinity, in the Saguenay.
Cape Trivity is a cliff of Laurentian guelss, presenting to the
river a vertical front about 1500 feet high.

It will be observed that the earthquake of Qct. 20th extend-
ed over 25 degrecs of longitude, from the Bay of Fundy west-
ward, and over at least 12 degrees of latitude from the North
Shore of the St. Lawrence, southward. Its estension to the
northward into Rupert’s Land, is not yet known.
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The general direction of the vibration, as shown by the times
at the different places mentioned above, and by ohscrvatious of
Prof. Winslow, at Cambridge, and hy Mr. Douglas, at Quebee,
was {rom north cast to south west. The shock must therefore
" have been propagated from the Laurcntian regions north of the
St. Lawrence, into the Silurian and later formations to the south-
ward.  This is of interest in connection with the facts already
related as to its severity at the edge of the Taurentian for matwn
ap Bay St. Paul, and elsewhere.

It is also deserving of notice, that at Bay St. Paul and Les
Eboulements several shocks are recorded; and that additional
shocks are stated to have oceurred at the latter place on the 26th
October, six days after the prineipal shock.

It has been observed on previous occasions that the Barome-
ter is low at the time of the oceyrrence of carthquakes, in Bastern
America.  Dr. Smallwood, has kindly furnished the following
table in illustration of this. It gives the state of the Barometer
at Montreal, on the days of cleven of the most recent earthquakes
felt here.

Date of Earthquake. Barometer.
1855, Feb. S oo, 29.806
— — 19 ..... [ Ceereereees 20800

1856, Jan, 1 30.163
1N07. 00t 10 veieiiiiiieeiiinnniinnnns £29.308
IS5 Jan. 15
—  Mayto..
—  June?7

. 20.800
20.800

I=60. Oct. i7 29.964
1564, Apr. "0 29.900
1870. Mar. 4 30.300
1870, Oct. 20 . 20.299

Tt will be observed that the Barometer was unusually low on
the day of the late earthquake, and according to information
kindly sent to Dr, Smallwood from the observatory at Washing-
ton, this was very general over the continent.

It is thus extremely probable, that, whatever the primary
cause of the movement, its oceurrence on the particular day in
question, may have been determived by this removal of pressure
from the surface of the land. It isfurther to he observed, that
this would place the phenomena in harmony with that general
cause to which the frequent small carthquakes on the Eastern
Coast of America, were formerly assigned by the writer, namely
the removal of material from the land, and its aceumulation on
‘the banks oft the American Coast, producing wnequal pressure and
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consequent tension of the earth's evust, and this connected with
the ascertained slow subsidence of the coast, and perhaps with
glight elevation of the interior of the continent.

In a notice of the carthquake in Silliman’s Journal, for Jun-
nary, 1871, by Mr. A. C. Twining, the following statement occurs
with reference to the intensity of the shocks at Bay St. Paul and
Les Eboulements—¢ They are in general conformity to what has
long been known to British geologists, respecting the voleanic
character of the region specified,” with some other remarks based
on this strange statement, which has actually no foundation in
fact, other than the junection, at those places, of the Laurentian
and Lower Silurian rocks, and the occurrence of thick beds of
Post-pliocene clay, resting on inclined rock surfaces, and there-
fore very liable to slip. Captain Bonnyeastle’s ideas on the sub-
ject, referred to by Mr. Twining,were probably founded merely on
the irregular contour of the surfuce, the oceurrence of erystallive
Laurentian rocks, and the exaggerated accounts of land-slips in
previous earthquakes, contained in the memoirs of the Jesuits.

NotE—A slight shock of Earthquake was felt at Tawkesbury on the
Ottawa, on the 3rd January. Dr. Smalhwood states that, though not
appreciable at Montreal, it was indicated by the Seismometer.

NOTES ON THI BIRDS OF NEWFOUNDLAND.
By HOEexry REeErs, TLL.S., &e.
(Continued from page 159.)

TETRAONIDE.

Canada Grouse, or Spruce Purtridge, Tetrao canadensis, Linn.
—A very rare and uncertain visitor from the mainland : two
killed, and two others seen by the settlers during my residence
at Cow Head.

Willow G'rouse, Lagopus albus (Gmelin)—Cowmon throughout
the year, and the only lowland or subalpine species indigenous to
Newfoundland. From my own esperience I think the willow
grouse invariably roost on the ground, although I have frequently
shot them when feeding in the tops of bireh and alder trees, more

Vor. V. T No. 3.
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especially when the ground is covered with deep and light snow.
Their food consists chiefly of tho buds and tender shoots of birch,
alder, black spruce (Abies nigra), juniper (Luriz americana),
&e., but they scem partial at other seasons to the partridge berry
(Mitchella repens) and cranberry (Oxycoccus palustris). 1 do
not possess specimens of willow grouse from Europe or northern
North Ameriea (Hudson’s Bay, &e.), but Professor Buird says,
« T find a considerable difference in different specimens of the
large ptarmigan [L. albus] before me. Those from eastern
Labrador and Newfoundland appear to have decidedly broader,
stouter and move convex bills than those from the Hudson’s Bay
and more northern countries, I thinkitnotimprobable that there
may be two species. . . . .” Professor Newton, however, informs
me that “none of Professor Buird’s later writings Imc gone to
strengthen the suspicion e\'pressed by him formerly as to the
existence of a second species of willow grouse,” and adds, “I
have compared a pretty good series of skins from many parts of
North America, extending from Alaska to Newfoundland, and so
far as I can judge I have no doubt they are all of one and the
same speeies, which is further identical with the willow grouse
of Buarope (Tetrao salicets, Temwinck; 7. subalpinus, Nilsson).”
I have never suceeeded in driving the willow grouse into a bauk
of snow, as Sir John Richardson states in ¢ Fauna Boreali Ame-
ricana,’ vol. ii, p. 352, as being a habit peculiar to the species,
nor had the settlers observed anything of the kind, They are
sometimes so tame that they may be killed with a stick ; at other
times so wild that they will not allow you to approach within
gunshot, and such is generally the case in winter when the snow
is hard and crusty, and the noise of your rackets (snow-shoes)
alavms them. They are shot at all scasons by the settlers, and
generally when sitting on the ground although therc is every
excuse for doing so, especially in thick woods, for if once flushed
there is rarely a chance of coming up with the covey again, aud
this an important consideration where food and powder and shot
are not too plentiful among the poorer population. In one of my
walks soon after I landed on the island I came up with a small
covey of willow grouse and killed a brace, but owing to my dog—
a borrowed one, which was evidently more used to rushing into
the water for wounded seals and ducks, than retrieving grouse,—
I was unable to get another shot at the birds. Upon showing the
brace I had killed to the owner of the dog, on my return, the
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following conversation cnsued :—% Got two pattridges then, sir 1"
“Yes.” ¢ All there was there, I ’spose 2" ¢ Oh, no; there were
ten in all, I think.” ¢ Then they was wild I ’spose, sir 2" ¢ No,
they allowed me to get sufficiently near to kill one with each barrel
as they rose.”” ¢ What, sir, you never fired at’em to wingl”
“Of course I did; how would you have me shoot at them ??
¢ Why, sir, if I had been there I should have walked round and
round them paitridges till I had got ’em all in a heap, and then I
should have killed nearly all at a shot: I never heard of nobody
firing at a patiridge to wing.” If the settlers could be induced to
observe a close time for these and other valuable game birds, the
practice of shooting them in this apparently wholesale manner
would not greatly diminish their numbers. The willow grouse is
called the “ partridge” by the settlers, and frequents beds of alder
and dwarf birch in swampy places, especially on the borders of
lakes and rivers. It breeds on the ground among stunted black
spruce, in rather drier situations. One peculiarity in the New-
foundland bird is, that T have very rarely found the middle, or
incumbent pair of tail-coverts “ entirely white” in winter, as they
are stated to be in ¢ Birds of North America,’ p. 634.

Rock Prarmigan, L. vupestris (Gmelin)—A truly alpine
species in Newfoundland ; ravely found below the line of stunted
black spruce, exeept in the depth of winter, when they descend to
the low land and feed on the buds of dwarf trees, sometimes in
company with the willow grouse, but I never saw this species
perch on trees: it is called by the settlers the * mountain
partridge.”

GRUIDE.

1 was informed by one of the settlers that a “brown crane” was
killed a few years since at Codroy, Newfuundland, and some others
seen. I am of opinion that they must have been “ stragglers,”
and it is therefore hard to determine thespecies. Did they really
belong to the genus Grus?

ARDEIDZE.

American DBittern, Botaurus lentiginosus, (Montugu). — A
summer migrant to Newfoundland, and the only species of the
heron family that T met with. A pair of bitterns are generally
found frequenting the margins of wooded lakes and ponds in the
lowlands throughout the summer, arriving early in May and
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departing again about the last of September. Yarrell deseribes
the legs and feet as © greenish brown;” they are, however, of a
pretty yellow-green, but soon lose this colour after death. The
American bittern malkes a curious thumping noise, very much
resembling the noise made by fishermen when driving oakum into
the seams of their boats; hence prolably arose its popular name
of ¢ stake-driver” in the United States, and ¢ corker” (? caulker)
in Newfoundland.

CITARADRID.E.

American. Golden. Plover, Charadvius virginieus (Borck).—
Visits Newfoundland abundantly in the autumnal migration, but
very ravely, if at all, in the vernal.

Killdecr, Bgialitis vociferus (Linn.)—Not so common as the
preceding, otherwise the remarks on that species are cqually
applicable here.

Ring Plover, or Semipaimaiced Plover, A. semipalmatus (Bon.)
—A swmmer wigrant and breeds on the ceast: this and the
following species are called ¥ beach birds.”

Piping Plover, A. melodus (Ord.) —Appeared to be a common
autwmn migrant, congregating in large flocks.

Grey Plover, or DBlwckbedlicd Plover, Squatarola helvetica
(Linn.)—Very common in the fall of the year,but I did not meet
with it in spring: the plovers evidently take some other, and
probably more direct route than vi@ Newfoundiand {o their
breeding grounds in the far north.

HEMATOPODIDE.

Turnstone, Strepsilas inturpres (Linn.)—Abundant on the sea-
shore in the fall of the year, and generally so fat that the setilers
Tiave bestowed on it the appropriate name of ¢ fat oxen.”

OF the Recurvivostridic I did not meet with dither Recurvirostra
americana, Guclin, or Ifimantopus nigricoliis, Vicillot, although
both, but more especially the furmer, may rcasonzbly be expected
to occur periodically.

PraLareromp.e.

Red Phalarepe, Phalaropus fulicarius (Linn.)—Visits New-
foundland generslly in the month of Juve, and is sometimes
tolerably common, but I doubt whether it breeds on the island.
This is undoubtedly our old fricnd Phalavopus lobatus in its nup-
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tial dress, and the Awmerican authors have done well in restoring
to it the Linnean name of fulicarius, beeause it is yet a matier
of doubt whether the Tringa Lobata of Linnxus in Systeme
Nature ever applied, or was intended to apply, to this species.
It is the oniy species of phalarope I got in Newfoundland, and
was called by the settlers the “gale bird.” It is wonderful to
wateh these pretty and delicate-looking little birds swimming and
taking their tiny food from the crests of waves that would
“swamp ? any boat and many schooners. They are very tame,
and swim almost within arw’s length of the rocks, giving one the
idea that the next immense wave which is fast approaching will
cast them on shore, or smash them against the rocks: at such
times it takes a quick shot to kill them on the water.

SCOLOPACINJE.

Lurepean Woodcocl:, Scolopax rusticola, Zinn.—A single
specimen is said to have been killed in the neighbourhood of St.
Johaus, in January, 1562 (See “ Ibis,” 1862, pp. 284, 285). If
no deception has heen practised here, it is certainly a very extra-
ordinary capture, as is also that of another specimen since taken
near New York. To those who have spent any length of time on
the coast of North America, the problem of the occurrence of so
many American birds in Burope is soon solved: it is undoubtedly
caused by the prevalence, especially in the fall, of great gales of
westerly winds, which probably take most of cur American strag-
glers off the cast coast of Newfoundiand ; but how to account for
the appearance of two stray specimens of S. rusticola being killed
in Awerica—far apart, but in cach case near a populous city, and
by those so well up in ornithological literature as to be aware of
the value of such captures, presents a difficulty by no means so
casily disposed of. Of course it is probable that land birds may
occasionally get blown off our west coasis by rough easterly winds,
but it is equally probable that bafore they had gone one-third
across the Atlantic they would take the wind dead ahead, which
would cause them o ‘bout ship and be thankful for a fair breeze
home. It docs not require a great streteh of the imagination to
account for the appearance of an Icclandic species in Greenland,
or the northern parts of the American continent, or even in New-
foundland, but if I remember right the European woodeock is not
found in Iccland.

American Woodcock, Philohela minor (Gmelin).—Probably
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occurs on the island, but my accident prevented my thoroughly
searching situations likely to produce this species. It would only
oceur as & summer migrant.

Wilson’s Snipe, Gallinago Wilsoni (7emm.)—A common suwm-
mer migrant, arriving generally about the last week in April, and
soon commences breeding. When the female is sitting on her nest
the male frequently rises in the air, drumming and making a
pecuiiar rushing noise with its tail, which may be heard a con-
siderable distance.

Gray Snipe, Macrorhamphus griseus (Gmelin).—A summer
migrant. The remarks appended to the proceeding species appear
equally applicable to this.

Gray Back ; Robin Snipe, or Knot, Tringa canutus (Linn.)—
Visits Newfoundland only in its periodical migrations.

Purple Sundpiper, Tringa, maritina, Brunnich.—A summer
migrant, but rather rare at Cow Ilead; probably more common on
the southern shores of the island.

American Dunlin, T, alpina. var. americana, Cassin.—A sum-
mer migrant, but much more abundant in the full of the year.

American  Jack Skipe, T. maculata, TFieill—A summer
migrant, and tolerably common.

Least Sandpiper, T. wilsonii, Nuttall.—A common summer
migrant.

Bonapartc’s Sandpiper, T. bovapartii, Schlegel.—A common
summer migrant, collecting in flocks in the fall of the year at the
seaside, and generally so tame that a dozen to twenty may often
be killed at a shot. This remark applies also to some other allied
species of sandpipers and small ringed plovers which eongregate
on the coast every autumn, from some flocks of which upwards of
sixty have been killed at a shot; giving some idea of the im-
mense quantitics of these little birds. The pretty little pigeon
hawk (Fulco columbarius) is a cruel attendant on these flocks of
small Tringw. DProfessor Newton informs me that * Tringa bona-
partii is the Schinz’s Sandpiper of Yarrell and other English
authors, though not the true T. schinzi.”

Sanderting, Calidris arenaria (Linn.)—Visits Newfoundland
periodically : abundantly in the fall, but very sparingly, if at all,
in the spring.

Semipalmated Sandpiper,, Lrcunctes petrificatus, Jiliger.—
Another commou species on the coast in the fall.

Stilt Sandpiper, Macropalama himantopus (Bon.)—Not com-
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mon at Cow Head. T killed one specimen in September, 1867,
and saw a few others which appeared of the same specics.

Willet, Symphemia semipalmata (Gmelin).—Common in the
fall of the year, especially in the spotted or immature plumage.

Tell Tule, or, Stone Snipe, Gambetta melanoleuca (Gmelin).—
A summer migrant, but not so common as the following species.

Yellow Legs,or Yellowshanked Sundpiper, G. flavipes (Gmelin)-
—A summer migrant, arriving in May and departing again in
October. A great many pairs breed in the marshes, but I think
the majority pass on to more northern regions, and return in
August and September in inereased numbers, generally at that
season very fat and much appreciated for the table, but being
small birds they are not usually shot at by the settlers unless four
or five can be killed at a shot. Sometimes they are very tame and
take little notice of men or dogs: at other times they are so wild
that T know no bird more diflicult of approach, and then they are
a perfect nuisance to the sportsman, as they not only keep ous of
range themselves, but alarm every other bird by their incessant ery
of “twillick,” “twillick.” Muny a blessing (?) have I bestowed on
these birds when, after crawling on my hands and knees a quarter
of a mile through long wet grass on boggy soil to get a shot at a
flock of black ducks (dnasobscura), I have heard the everlasting
“twillick” and seen the ducks take wing instantly, perhaps not
cighty yards from me. I fear, since my visit, many a skeleton of
poor *“ twillick” lies bleaching in the marshes by the sca-coast near
Cow Hecad. Provincial names of this bird are « twillick,”
“twillet”” and ¢ nansary>—the latter name more frequently in the
south of the island.

Solitary Snadpiper, Rhyacophilus solitarius (¥Wilson.)—Not
uncommon in summer, generally towards autumn,

Spotted Sundpiper, Tringoides macularius (Linn.)—A common
summer migrant, arriving early in May : breeds on the coast, and
lays its four cggs sometimes in a hollow on the bare shingle; at
other times in short grass, but always just above high-water mark.
Provincial name “wagtail.”

Bartram’s Sundpiper, Aetiturus bartramius ( T¥ilson).—Visits
Newfoundland periodically, but it is rarely met with during the
vernal migration. I doubt if it breeds in Newfoundland, although
known to do so on the mainland both north and south of that
island. Like the peewit at home this species prefers inlund and
cultivated distriets.
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Buffbreasted Sandpiper, Tryngites rufescens (Vieill).—A
summer migrant, bué vot very common. I did not succeed in
taking cggs of this species, but I think it breeds on some of the
drier spots in marshes in Newfoundland.

Marbled Godwit, Limosa fedoa (Linn).—Only a periodical
visitor; most common in the fall.  This and the following speecies
are called ¢ dotterels” by the settlers.

Hudsonlan Godwit, L. hudsonica {Latham).—Visits New-
foundland in its periodical migrations, but is most common in the
full of the year, when it is generally very fat and much appieciated
for the table.

Longbilled Curlew, Numenius longirostris, 1Filson.—A. perio-
dical migrant much sought after by the settlers, who are great
adepts in imitating its whistle, by which means they kill many
that would otherwise pass a lopg distance out of range. It is a
fat, good-cating bird in the fall,

Iudsonian  Curlew, N. hudsonicuz, ZLatham.—Frequently
confounded by the settlers, under the name of ¢ Jack Curlew,”
with the preceding species, with which it is about equally common,
and like that visits Newfoundland in its migrations, but does not
breed there.

Esquimauz Cwrlew, N. borealis (Forster).—By far the most
common speeies of curlew, but like the preceding species is only
a periodical visitor; coming by thousands in the fall, but very
rarely in the spring; in fact, I think they take some other and
more direct route ab that scason. They feed on the berries of
LEmpetrum nigrum, which stain the feathers posteriorly a rich dark
purple. These birds arrive in Newfoundland on their migration
about the last week in August, and remain until the end of
September, when they are always very fat, and delicious eating.
I was told by one of the old Euglish settlers that they were so
abundant some seasons that he had himself shot fifty in one
morning before suurise.

Virginia Rail, Rallus virginianus, Zinn.—2A summer migrant,
and apparently rare— I saw only one specimen; but the well
known habits of the Zullidce—that of concealment among reeds in
marshy places—may account for a seeming paucity in individuals.

Common American Rail, Porzana carolina, Ficill.—A summer
migrant, and, although not common, is probably more so than the
preceding.

American Coot, Fulica americana, Gmelin.—Although this bird
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is perhaps a regular summer migrant to Newfoundland I never
met with it, neither do I think it is the © Goot” of the settlers;
if so, I know it is frequently confounded with Pelionctta perspi-
cilluta (Linn.), the surf scoter.

ANATIDZE.

American Swan, Cygnus americanus ? Sharpless—Apparently
a rare and accidental visitor to the western coast of Newfoundland :
I saw only one speeimen, which was au adult bird flying south in
the fall of 1867.

Show Goose, Anser hyperboreus, Pallas—Very rare: I heard
of one or two being obtained in the north of the igland, and an
equal number on the west coast.

American  Whitcfronted Goose, A. gambeli, Iartlaudb. —
Equally rare with the preceding, or perhaps move so. It scems
extraordinary that these two common species of American geese
should be so rare when we consider that Newfoundland, in one
place, i3 only, separated by twelve or fiftecn miles of water from
the mainland.

Canada Goose, Bernicla canadensis (Linn.)—A regular summer
migrant, and by far the most abundant species, arviving in April
and in May by ¢ countiess thousands.” The majority pass on to
more northern regions to breed, although a great many remain for
that purpose in Newfoundland ; but, besidesa general diserepancy
in size, I have almost invariably fownd the northern migrants of
this species much darker an the breast; in {act, so much so, that we
used to call them the “little blackbreasted wortherners.” The
colour of the “down™ appears a good distinction between the
seses; oun the male it is light gray, and on the female dark gray,
almost black. This was pointed out to me by the settlers, who,
however, know how to separate the sexes by the shorter bill and
head of the goose. The Cunada goose is greatly prized for the
table, and the settlers are adepts in “ toling™ them within gunshot
in the spring of the year, but it cannot be done in the full, or
during the autumnal migration : a dog is gencrally used for this
purpose.  The sportsman sceretes himself in the bushes or long
grass by the sides of any water on which geese arc seen, and keeps
throwing a glove or stick in the direction of the geese, each time
making his dog retrieve the objeet thrown: this has to be repeated
until the curiosity of the geese is aroused, and they commence
swimming towards the moving object. If the goese are 2
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considerable distance from the land, the dog is sent into the water,
but as the birds approach nearer and nearer the dog is allowed to
show himself less and less: in this manner they are casily toled
within gunshot. When the sportsman has no dog with him he
has to act the part of one by crawling in and out of the long grass
on his hands and knees, and sometimes this has to be repeated
continuously for nearly an hour, making it rather a laborious
undertaking, but I have frequently kuown this device succeed
when others have failed. The stuffed skin of'a yellow fox (Pulpes
JSulvus) is sometimes used for toling geese, and answers the
purpose remarkably well, especially when the geese are near the
shore, by tying it to a long stick and imitating the motions of a
dog retrieving the glove or stick. Toses have frequently been
observed to practice the same device in a state of nature, and the
settlers who prize fur more than feathers commenee toling poor
Reynard within range of the fatal shot, which, strange to say,
considering the gencral ecraftiness of the animal, is very easily
done. The Canada goose may often be toled from along distance
when on wing, by “ cronking” or imitating its ery. When these
geese fly, cither in pairs or in flocks, a gander invariably leads:
this fact is so well known to the settlers that when firing at a pair
of geese they invariably shoot at the hinder bird, not only because
the goose is the fattest (in the spring), but .because the gander
will generally fly round and round its dead mate for some little
time: such affection but too often proves fatal, especially when
the shooter has the use of two barrels, but such is not generaliy
the case among the settlers, who chicefly use the old-fashioned long
duck guus, single barrelled, of ten or twelve hore. Ieegazes and
false geese are also employed on the ice for killing these beautiful
birds in the spring of the year. Like the domestic goose, which
has been known to live upwards of 2 hundred years, these birds
are supposed by the scttlers tolive to a great age. A few years ago
a specimen of the Canada goose was shot at Grasswater Bay, on
the Labrador, which had a thin brass collar on its leg initialed and
dated just thirty years previous to its capture. This species does
not commence laying until three years old, and from examining
the ovaries of several evidently young females T found them to
contain from 180 to 190 eggs, which, averaging six per avnum,
would limit the laying period to some thirty or thirty-one years;
so that, bar accidents, the birds would not probably live more
than ferty or forty-five years.
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Brent Goose, B. brenta, Stephens—Very common on the
southern and western parts of Newfoundland, in its periodical
migrations, but very rare farther north than St. George's Bay,
in 48% North latitude, or occasionally Port au Port, whence it
crosses to Anticosti, and thence up the Labrador shore. Two
specimens were said to have been scen on wing at Cow Head
last spring (1868,) but the double-crested cormorant (Graculus
dilophus) flies much like a small goose, and I faney the birds
thought to be Brents were of this species.

Mallard, ov Common Wild Duck, Anas boschas, Linn—Very
rare; I only cxamined one normal specimen of this species, also
one of the supposed hybrids, between this species and the
Muscovy, (Cairing moschata,) which had been shot and skinned
by two of the settlers a few years since, and preserved as curiosi-
ties. The larger bird was considered by them a drake of the
domesticated variety, and I have certainly seen some of the des-
cendants of the ¢ Lincolnshire”. breed much resembling it; but
as I was informed no ducks, except eiders (S. mollissima,) were
kept domesticated on the island, the bird had probably wandered
north in company with a flock of some other species.

Black Ducls, A. obscura, Gmelin.~—This is the common wild
duck of the island, and is abundant throughout the summer. It
breeds among rushes and long grass on the borders of lakes and
rivers, and lays from ten to fifteen eggs, which much resemble
those of the preceding species. The black duck is much estecmed
for the table, but is usually a very shy bird, and not easily
approached, except from the leeward, as it will “wind you like a
deer.”

Pintail Duck, Dafila acuta (Linn.)—Very rare, but known to
some of the settlers as the “long-tailed duck.”

N.B.—The truc “long-tailed duck” (Harelda glacialis) is
called 2 “hound” in Newfoundland.

Grern-winged Teal, Nettion carolinensis (Gmelin.)—A summer
migrant, and appears to be the ¢ common teal” of the island.

Blue-winged Teal, Querquedula discors (Linn.)—Rare in the
neighbourhood of Cow Head, and probably nowhere on the island
so common as the preceding species.

Shoveller, Spatula clypeata (Linn.)—A. summer migrant, and
generally distributed over the island, but is by no means common.
1t is called ¢ Pond diver" by the settlers.
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Gadwall, or Gray Duck, Chaulelasmus streperus (Linn.)—
Rare: does not breed on the island, but is occasionally killed
during its periodical migration.

Baldpate,or American Widgeon,® Mareca americana (Gmelin.)
—A common summer migrant, and when fat one of the best
flavoured of American ducks. The adult male of this specics,
which is ealled a © Cock Widgeon ” by the settlers, is, in summer
plumage and fresh killed, onc of the handsomest ducks in
Newfoundland.

Inglish Widgeon, M. Penclope ?  (Linn.)—Although only a
straguler to the continent of North America, it is not improbuble
that this specics ocecasionally occurs in Newfoundland, especially
en route from Greenland to the TUnited States, whence most of the
captures are recorded.

Scaup Duck, or Big Blackhead, Fulis mavila (Linn.)—A very
rare struggler to the N, W. coast.

American Seaup Duck, . affinis, (Eyton).—Occasionally shot
in spring or fall, but rarely seen at Cow Head.

Ring-necked Duck, ¥. collaris (Donovan).—Equally rave with
the preceding species.

Aythya americana (Lylon) and A. vallisneria (Hilson) may
reasonably be expected to occur in Newfoundland.

American Golden Lye, Bucephala americana (Don.)—A very
common summer migrant ; onc of the first to arrive in spring and
remains until frozen out in the full. Breeds in holes in trees,
sometimes near the ground, but very frequently fifteen or twenty
feet high, and often a considerable distance from water, The
hole is generally made in a rotten tree, and I think always by the
bird itself: it is called the “pie duck” by the settlers, and the
young birds are considered good cating.

Buffel-headed Duck, or DButlter Ball, B. albeola (Linn.)—
Rare; at least at Cow Ilead, where it is called the ¢ Spirit
Duck.”

* A male dZurcca which T obtained in Newloundland differs from type
speeimens in being of an uniform dark brown on the back, without the
ordinary-trauverse bars; in its smaller size (barely 19 inches; wing 10
tarsus 1.10); legs and feet blue; irides WiITE; culmen less convex ;
and by baving a broad conspicuous white baud on the wings. Mr. G.
R. Gray and Professor Newton are unable to refer the specimen to any
other species than AL, americana.—I. R.
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Harlequin Duck, Tistrionieus torquatus (Linn.)—A common
summer migrant, and breeds on the borders of lakes and rivers
flowing into the seca, frequently many miles in the country,
whence it brings its young in July, The male of this species,
which i3 called a “lord” in Newfoundland, is decidedly the
handsomest little duck inhabiting those cold regions, and is a
most expert diver. It seems extraordinary that any bird when
quictly settled on the water, and within twenty yards of you,
should escape by diving from the shot of a perenssion gun; but
how far more astonishing is it that birds on the wing, and within

easy range, shoull employ the same device, and yet the little
“lords ' '\nd “ladies” (females) lrequently cscape by doing so!
The amateur sportsman, unacquainted with this fact, is amazed
at his own prowess, when, having shot at eight or ten of these
birds on the wing, he sees the whole flock drop apparcntly “stone
dead” into the water; but his vexation perhaps exceeds his
amazement when, in a few scconds, he again sces his little flock
of harlequins on wing, and that too just out of range for his
sccond barrel. The harlequin duck is frequently found sitting
on rocks many feet above the water, but, from its small size and
resemblance to the parti-colourel rocks, is very difficult to sce in
time to get a shot by stalking. Adult males are generally
distinguished as “ old lords,” and females as ¢ jennies.”

Long-tatled Duck, Harelda glacialis (Zinn.)—This handsome
species is very common all along the coast in fall and spring,—
in fact, as long there is any open water throughout the winter;
but I think does not breed anywhere in Newfoundland, although I
have an adult male, in summer plumage, which was shot at Cow
Head on the 13th of June, 1868.

To the paturalist and sportsman there ean be ﬁ.r more
interesting sights than seeing several hundreds of ¢ hounds,” as
these birds are called by the settlers, in a flock, and hearing their
clamorous ery of ¢ Cow-cow-wit;”” “ Cow-cow-wit,” which, when
borne on the breeze from a distance, has a fancied resemblance to
a pack of hounds in full ery, and, however fanciful the comparison,
it always proved sufiiciently obvious to recall many pleasant
reminiscences of bygone days. The longtailed ducks usually
frequent shoals and beds of “killup” (kelp) in one to five futhoms
of water, but I have scen them diving for food in thirty fathoms
of water. Like many other oceanie birds they arc espert divers,
and it is sometimes almost impoesible to kill them when sitting on
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the water; and I really think the nearer you are to them the more
likely arc they to evade the shot, but, of course, everything depends
on the day ; if dull and cloudy, or with snow on the ground, they
dive at the flash with the rapidity of lightaing, while on bright
sunny days they are shot as casily as any non-diving birds. On
the 12th of October, 1867, I killed two males of this species at a
shot. It was a lovely day, frosty in the morning but the
thermometer marked 50 degrees Fahr. at noon, and the ducks
which were fishing side by side, at the distance of about forty yards,
made no attempt to dive. “Qld Wife ” is another provineial
name for this species.

Labrador Duck. Camptoleemus labradorius (Gmelin).—Pro-
bably occurs on some parts of the coast, but I did not meet with
it during my stay at Cow Head. .

Velvet Duck, Melanctta velvetina (Cassin).—Common, and
probably breeds on the island, as individuals may be scen
throughout the summer; although supposing the birds to assume
the adult plumage the second year, which I have reason to doubt
they may be non-hreeding birds, as they certainly do not breed
until the third year. Provincial name « Whitewinged diver.”

Surf  Duck, DPelionetta perspicillata (Linn.)—Common,
especially during the migratory season. The remarks on the
plumage and breeding habits of the preceding species applies
equally to this and the following species. Provincial names
* Bottle-nosed diver ” and “ Bald coot.”

American  Scoter, Edemia americana  (Swainson).—Very
common throughout the year; at least until driven from the
coast by drift ice, which is not usual until the first week in
January. It is called the “sleepy diver” and “little black
diver " when adult, by the scttlers,

American Loider Duck,® Somateria mollissima ? (Linn).—By
far the most abundant species of duck in Newfoundlaad, but not
so plentiful now as a few years since, owing in a measure to an
inerease in population, but more particularly to a wholesale robbery
of egas which is carried on with impunity from the islands along
the coast, and others in the straits of Labrador and Belle Isle.

* Professor Newton is of opinion that the American eider differs from
the Europeau far more strikingly than do some other so-called
American species of ducks (especially the genus Edemia), and I quite
agree with him—II. R.
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Several hundreds of these beautiful ducks breed on some islands
in the Bay of St. Paul, about five miles west of Cow Iead, and
are strietly preserved by an old Englishman, the ouly human
resident in the bay. So abundant were these birds in Newfound-
land a few years ago that a man living at Cow Head killed one
Jnndred and ten ciders at two shots in one day, and on another
occasion fifty-three at one shot: forty, also, had frequently been
killed ab a shot, and T saw a youth, seventeen years of'age, knock
down twenty at ashot in January, 1868, but cven this last
number is now rarely obtained so casily. To the sportsman who
is content with a duck to cach barrel this comparative scarcity
is of small import, but to the poor settlers it is a matter of great
consideration. The common eider does not breed or assume the
adult plumage until the third year: it is called the “ sea duck ”
by the scttlers. The young muales resemble the females, but
lack the tinge of reddish brown which is characteristic of adult
females of this and the following species.

King Eider, S. spectabilis (Linn.)—The adult male of this
speeies is 2 large handsome bird and much sought for by ornitho-
logists, cspecially those who go to the trouble and expense of
visiting either its summer or winter haunts. The king cider, which
is called “ king bird " in Newfoundland, is tolerably common during
its periodical migrations, and is frequently shot in company with
the preceding species.  On the 17th of December, 1867, I obtained
an adult male ¢ king bird ;” and on the 19th an immature male;
the latter wasone of two killed atashot with cight of the common
cider. King eiders are more abundant some seasons than others:
in 1865 twenty of these birds were killed at a double shot by one
of the settlersat Cow Head. Young males the first year resemble
the females, but in the second year have the throat and neck
copiously spotted with white. The adult female of this species is
casily separated from its cougener, (S. mollissima) by its much
smaller size, its shorter bill, and by having a more decided rufous
tinge on the upper plumage.

Ruddy Ducl:, Xirismatura rubida (Wilson).—A rare and un-
certain visitor on the north-west coast.

Goosander, Mergus americanus, Cassin.—A summer migrant
and tolerably common : it breeds on the margins of lakes and rivers
and is called the “gozzard” by the settlers. ‘ ’

Redbreasted Merganser, M. serrator, Linn.—A very common
summer migrant, remaining in Newfoundland as long as any open
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water can be found, At carly morning the redbreasted mergan-
sers fly out to sca in large flocks, but return to fresh water in the
evening : its provincial name is “shell bivd.”

Iooded Merganser, Liophodytes cucullatus (Linn.)Apparently
rare on the north-west coast, and generally obtained in the imma-

ture plumage. )
(Zo be Continued.)

ON THE ORIGIN AND CLASSIFICATION OF
ORIGINAL OR CRYSTALLINE ROCKS.
By TooMaS MACFARLANE,
(Continued from June Number.)

IV,—CHEMICAL COMPOSITION.

Crystalline or original rocks have been hitherto regarded and
deseribed as aggregates of minerals.  No doubt the larger number
of them may be corrcetly enough thus characterised, but it is
doubtful whether the description applies to all the original
rocks. For instance, obsidiau has always been classed among
these, and, on all hands, it is admitted that no minerals are
discernable in it, that it is perfeetly vitreous, as much so as bottle
or window glass. A similar vitreous substance, unresolvahle by
the mieroscope, forms, according to Vogelgesang, part of the
matrix of all true porphyries. Then we have many instances
of rocks, almost impalpable in testuve, helonging to various
families, in which the microscope certainly reveals the presence
of separate minerals, but, frequently, leave their nature and,
always, their composition undetermined. Besides the uncertainty
which thus very frequently smrrounds our knowledge of the
mineralogical constitution of fine-grained rocks, there are other
considerations which tend to shew that the composition of a rock
is not ascertained even after its constituent minerals have been
determined. In the first place, the relative quantities of these
present cannot be ascertained, and, sceondly, even when this is
done approsimatively, the uncertain composition of the mincral
species renders the chemical composition of the rock almost as
doubtful as hefore. Tt would therefore appear simpler and tend
to a juster view of the nature of original rocks, to regard them
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nob 50 much as aggregates of minerals, as mixtures of their
chemical components, alkaline und earthy silicates, which, during
erystallisation. arranged themselves into compounds of more
definite atomic composition, namely, inte minerals.

As has been alveady remarked, the primary source of all
original rocks must have been the original flaid globe, and also
that part of it, which, until the present dey, has remained in a
state of igneous fluidity, The clements which originally com-
posed the fluid-globe must have been the sume as those which
enter into the composition of the earth at the present day. Tf,
however, we leave out of consideration those volatile and gascous
clements which, from their nature, must have gone to form the
primitive atmosphere, and also the greater bulk of the metals,
which, from their gravity, must have accumulated at the centre
of the carth, we have the following list of substances, which in
ail likelihood, constituted the upper zone of the original fluid-
globe:—Silicie, boracie, phosphorie, stannie, titanie, niobic, tung-
stie, and tantalie acids: among bases, potash, soda, lithia, lme,
magnesia, alumina, ferrie oxide, zireonia, manganic oxide, man-
ganous oxide, ferrons oxide, glueina, cerin, yttia, oxides of zine,
lanthanum and uranium. Al of these substances make their
appearance in original rocks, many of them however in compara-
tively minute quantity and entering only into the composition of
their so-called accessorial constituents. If we, for the sake of
clearness, leave these rarer substances aside for the present, we
have the following, which may be regarded as the esvential
chemicnl constituents of original rocks:

Silicie Acid, ... oAlumirae ..o Protoxide of Tron,
Magnesit,.eooeonn Lime,........Sodd,........Potash.

These substances, we may suppose, were, in the original fluid
magmas from which original rocks ecrystallised, present in the
same manner in which we see them combined together in furnace
slags or glasz.  Jach of these coustituents, the alkalies excepted,
is of a most refractory nature by itself; but, when several of the
carths unite with the silica, compounds result of various degrees of
fusibitity. Tu this there is merely a repetition of the well-known
phenomena of chemical combination, where elements the most
antagonistic combine to form a substanee innocent of any of the
properties of its constituents.  The silica or quartz, infusible and
chemically indifferent as it may appear under ordinary circum-
#tances, acts in this caze as an acid, and, with the aid of heat,

Yor. V. v : XNo. 3.
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combines with the cqually refractory bases, forming readily fusible
compounds. T'he simple silicates, formed by the union of silica or
silicic acid with one base, are not always fusible.  Those of the
alkalies and iron oxides ave, but the silicates of alumina (clay).
wagnesia (serpenting), and lime (wollastonite), are almost or com-
pletely infusible.  Nevertheless, the three latter combined form
the scoriae of most frequent occurrence in the arts; namely, those
ol iron furnaces. In these slags the proportion of silica present
often mounts as high as 75 per eent., while those from puddling
furnaces do not contain more than 35.  The former ave termed
very acid or siliccons, and the latter very basic slags.  Such
vatiations in the silica contents of these compounds are accow-
panied by corresponding changes in their chemical and physicai
properties.  Basic slags are more easily fused than siticcous slags.
although the latter do not sdlidify as vapidly as the former.

The same variations in the ¢uantity of silica which oceur in
furnace slags are also to be found in original rocks, and just as
furnace seoria have been ranged under different chemical formule.
so, likewise, it has become possible to classify original rocks in «
similar manner.  When the student of chemistry has gradually
added an acid to »an alkali, or other hase, until the mixture
neither reddens litmus nor hrowns turmerie paper, he has formed
a neutral salt consisting of one atom of hase to one of acid, such
as sulphate of iron (FeQ S.0;) and nitrate of potash (KO N.O.,).
The salts ol the peroxides, although frequently possessing acid
properties, are, nevertheless, also regarded as neutral or normal
and contain, for every atom of base, three of acid, such as per-
sulphate of ivon (IFe, O 83 8O;) or tersulphate of alumina (4, O
3 80;). Similarly in mineralogy those silicates are regarded as
neutral which contain one atom of monoxide combined with one
of silica acid ov silica, or onc atom of scsquioxide combined with
three of silica. A'hus the mineral leueite, which consists of one
atom of potash, onc of alumina, and four of silicic acid, may be
regarded as the type of a ncutral mineral.  Its formula is KO.
Al 0. 4 Si. 0, ;and it will he observed that its bases contain
four while its acid contains eight equivalents of oxygzen. Neutral
ov monosilicates, therefore, are those in which the proportion of
oxyzen in the bases, to that in the acid, is as 135 to 2. It we
search among crystalline rocks for those in which this oxyzen
ratio exists, we shall find them to be well-defined rock specics
which are not usually considered from a chemical peint of view
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at ali.  These rock specics are syenite, melaphyre and andesite,
which respeetively represent the neutral development of the
wranular, porphyritie, and trachytic orders of original rocks. TIf]
from wmong the syenites, melaphyres and andesites which have
heen \ubju,lcd to analysis, we select those whose oxygen ratio
best corresponds (o neatrality, we have the following :—

Quantity of

oxveen of 0y of ST

taaes, sk parts rock.

I. Syenite from the Steilen Stiege,
i the Hartz,—Fuchs... .. . 1 I 88 5636

JI. Syenite from donte Margolz,
near Predazzo,—Kjerulf. ..... 1 2229 4305

1. Syenite from the ‘;Lhonl)u-ru

'J‘|l'l| in the Borgstrasse,~G.
Bischoli ooty i 2051 5300

IV, Syenite  from  Plauenschen
Grund, near Dresden,—Zirkel. 1 RIS HO.83
AVErSe e 1 2104 H848

1. AMclaphyre from  Schueidmiil- .

lershery, in lhaentbal, near

Hmenaw,—Vou Lichthofen.. . ! [RARN KNI
tl. Rhombic porphyry of Vetta-

kalien, classed with the mela-

phyres, by Naunann, Delesse

Kjerulf. .o oot raaeann ! 2017 S5
1. Melaphyre from ;:uuclh.xl
near Tifeld,—Streng coooonen. 1 AU 56722

[R \h-l.\ph\n- from .uwhtbuu.',
in the 'Jl-mm-;:.\': Forest,—

Soching. i teeaee . i PUS BX] 913
Average oo, 1 2021 8673

fl Augitic andesite from Lowen-
lum:, in Sichengebirge,—Xjernlf 1 1363 BRY N

1. lluml»luww Andesite,  from
Mevapi, in Java,—Prolss...... ! 1975 5760

111, Horablendie Andesite from
Stary Swietlan,—"Tscherak. 1 2001 H502

iV, Hornblendic \ndouc trom
Stenzelbery, in \whcn"cblr-'v

——!x.immul\ho.‘ Cerisaseesaas Rt

AVERIES e e cenees ] 2066 a7y

[t wonld secm therefore from these figures, that these rocks
which, in composition, arc neatral or monosilicates, contain an
smount of siiea averaging H7.62 per ceut.

As in chemistry we have acid salts, in which one atom of base
is combined with more than one atom of acid, so in lithology we
have rocks in which the silica s present in much larger quantity
than is required for monosilicates. A very well defined series of

rocks is kown in which the silica is present in such excess as to
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give them the composition of bi-silicates, in which two atoms of
silica are present for every one of nion-oxide, and six for every
two of sesqui-oxide, or in which the oxygen ratio between bases
and acid is as one to four. The granular, porphyritic and
trachytic developements of those rocks are respectively represented
by granite, felsitic porphyry and rhyolite. Proceeding in the sume
manner as with the neuiral rocks we find the following among this
series to approach most closely in composition to bi-silicates:

QO RATIOL Quantity of
Silica In 1
Bases, Siliea, parts rock.
1. Granite from Heidelberg,—Streng 1 3803 72.01
1. Granite from Doochary Bnd-m, -
Donegal,—Houghton ........ 1 3,760 72.24
111 Granite of Fox Rock, near
Dublin,—oughton... ...... 1 4,077 70
IV, Granite of Striegan near Silesia,
R 1111 1 e 1 1. 364 73.13
V. Granite of Bl'l(.]\\lml\ Muun-
tian, Wexford,—Iloughton . I 3,953 73.20
AVEINEe v eennneeannns } 1 (0Y 72.98
1. Felsitie porphyry from Mithlberg
near Halle,—Laspeyres ..... i 4.051 72.94
I. Quartzose trachyt from llohen-
burg, near Berkum, opposite
the Siebengebirge, Bischof .. i G.821 79.93
1. Quartzose nncln te from the Is.
fand of Ponza—Abich ....... ] 4.152 73.46
AVErage evevninannas 1 3.9 72.86

It appears, therefore, that the oxygen ratio 1 to 4 corresponds
to an average silica percentage of 72.61, and to such bi-silicate
rocks the name silicic might be applied.

But besides this silicie series of rocks there is found unother
serics of very different chemical constitution, aud in which the
basecs, and not the silica, preponderate. It is only, however, in
rare instances among these rocks that the silica disappears to such
an extent as to form a disilieate, i.e., 2 compound of one equivalent
of silica with two of base, or in which the quantitics of oxygen
contained in acid and base are equal. A very well marked series
of busic rocks may, however, be pointed out in which two equiva-
lents of silica are combined with three of base, and in which the
oxygen ratio is as 1% to 1. The rocks which represent this
basic devclopment of the porphyritic and trachytic textures,
are, respectively, augitic porphyry and nephelinite.  The
following arc instance of these rocks in which the axygen ratie
most closely approaches 1:333=1 :—
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OXYGEN RATIO. Quantity of
Stitea fn 1wy

Bases. Shica, parts rock.,
Augitie purph\'rv from Fassathal
inTrrol cooeiiaiiiiil 1 1-3M 4505
Nephelinite fwm Wickenstein in
Lower Silesia,—Lowe ....... 1 1347 4187

"The number of analyses of these basie roeks being somewhat
limited, it is not possible to arrive at their average silica contents
so closely as in the case of the neutral and silicicrocks. These
instances, however, shew that the oxygen ratio 1-333:1 corresponds
to a pereentage of about 43.46 silica. Rocks thus constituted
being two-third silieates, might be conveniently called sub-silicates,
and, in contradistinetion to the silicic series, might be termed
the basic rocks.

Between the basic and neutral rocks, on the one hand, and the
Yatter and the silicie rocks en the other, there exist many other
rocks of intermediate composition and forming gradual trassitions
between each of the series, which have been more minutely
referred to in the foregoing. It thus becomes possible to point
out a series of' rocks passing gradually from the basic extreme to
that of acidity in composition, not only for each of the granular
porphyritic and trachytic order of rocks, but also for every variety
of texture specified in the preceding chapter. The following
‘fuble gives an arrangement of these vavious series of rocks and
an exhibition of the distinctive characters as to texture and
chemical composition possessed by cach.  In conmstructing this
table, it has been found that by limiting the variations in silica
contents of cach family to 7 per cent. very correct lines of
separation may be drawn betwist them :—-

TanLe I,

showing the General Chemical Composition of the Families
of Original Rocks.

! Raic Rocks, \c\\tml Rocks)  Sthiceous |
* leuinilieaten), | Basous Racks (monosilicates) Rocks,  Silicic Rocks,
Qroer of Toxture. rwontaining leas] containing i {

+ than 49 pec | from 491033 | from 61063 from 63 t0 70 more than 70
$ <cent. Siliea. Jher cent. Stlieaiper cent. Sitleaper cont. Sitica iper cent. Siltea
H

1. Coarse and Saallt N
wralt eda.. Anorthosite. jirernstone, Syenite. Grantite,  fGranlte,

11 Schistose . Baslc schat. |Hornblende Syenite lxncl» (Gadsite.
{ chist. “schist,
111 Slaty..... erl:c{n.stono Clay slatc. *lul .Cous Seilclesiate.
slate,
IV, Porphyrite c. \u it'c por-IGreenstono (Melaphyre. .l'orph\rlxc. ,lckmc pore
phr\. parphyry. | | phyry,
V, Varlodte.... . AVariolite.” . Varbasaltite ressssesnininens ~pn.|r(-lxl\,
\'I Flne-s1aine _u\‘:\l'. Trap. Tasaltite.  Eunte. iFelsue,
VII, Trchyidc.. ephelinite, {Dolerite, Andesite. Trachyte,  Rhvollie,

V1II Volcanic

Nephelinhto (Dolesite lavn,Ardcx,uo trachytlc  Qbsidlan,
1ava. Va. leva,
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Defore proceeding to explain the foregoing table, it may he
mentioned that no new names have heen used in its construction;;
that names to which definite ideas as to mineralogical constitution
are attached, have been, as mueh as possible, excluded.  Such
names as trap, greenstone, and melaphyre, which have heen, in the
carly history of the science, much abused and misapplied, and
more recently condemued as uscless for the purpose of indieating
any speeial rock, are introduced into our table, and advantage-
ously used in designating the families of rocks to which they
were originally applied.  If it were made a rule in the scicnee to
exclude from it all names which have been ab one time or other
misused, very few petrological terms would eseape obliteration:
and the fact that the names above mentioned, in spite of their
condemnation by some lithologists; continue in common use, suili-
ciently proves that they possc\\ a certain degree of usefulness and
applicability.

It will e observed that in the tabie the terms hasic and basous,
silicic and siliccous, are used in a mawmner analogous to that in
which the stronger and weaker bases and the stronger and weaker
acids are indicated in chemical nomenclature. A basic slate
always contains a larger percentage of bases than a basvus one,
and a silicic porphyry in the same way contains more silica than »
siliccous one. [t will next be observed that we have in the table
cight different horizontal series of rocks, or rather rock families,
corresponding to the cight different varietics of texture which have
been before particularized.  On passing in cach of these series
from left to right, we pass from the basie to the siliceous extremes,
through rock fumilies gradually inereasing in silica contents, as
the figures at the head of the vertical columns shew.  With this
increase in the amount of silica a corresponding change in the
nature of the bases with which it is combined takes place.
Towards the basic extreme these are principally magnesia, lime,
and protoxide of iron; but as the silica increases these bases
diminish, and alumina with the alkalies incrense until, at the
silicic extreme, alumina and potash become the preponderating
bages. We have also in the table five different vertical series,
among which the neutral, basic and silicic groups already referred
to, occupy places in the middle and at the sides, while the inter-
mediate groups, which were also mentioned above, and which
have been called the basous and siliceous rocks, occupy positious
immediately to the ieft and right of the central column. The
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rock fumilies of each of these vertical series, although they may
differ widely as regards their texture, all possess a similar
chemical composition. The chemical nature, texture, and affini-
ties of any original rock or rock family are seen from this table at a
ghmee.  Thus, porphyrite appears as the porphyritic develope-
ment of the siliccous group of vocks ; as less siliccous than felsitic
porphyry, and mora so than melaphyre.  Basalt is seen to be the
most basic member of the fine-grained ovder, and to contain less
than forty-nine per cent. of silica.  The aflinities of any rock may
be ascertained by observing the names of the rocks piaced next
to 1t for in almost every ease it is into these that it is most prone
to graduate.

" There are other of the general relations amoug original rocks
visible from this table than those which refer to their composition
texturcand aftinitics. Not only do the rock families mentioned
in each vertical eolummn resemble each other in chemical composi-
tion, but they also exhibit similar coincidences as regards their
general colour, harduess and fusibility, and gradual transitions
in each of these respeets are found to exist from rock to rock
along each horizontal serics.  The basie rocks are generally
darker coloured, less hard, and more readily fusible than the
rocks which correspond to them in texture but differ from them
in containing a larger pereentage of silica.  On the other hand
the more siliccous « rock is, the lighter it will generally be found
to be in colour, the harder and more difficult to penetrate or
excavate, and the more refractory on exposure to high tempera-
tures.,

There is yeb awvother physieal property belonging to those
original rocks, in which they show a similar correspondence with
their chemical composition.  Still speaking generally, the more
siliccous a rock the lighter it is, not only in colour, but in weight ;
the more basic the rock, the heavier it becomes. Thus it is the
case that, in each order of texture on passing from the siliccons
to the basic rocks, a gradual inerease of density takes place, and,
on the other hand, the transition from the basic rocks to the
more siliccous exhibits a gradual diminution of specific gravity.
So constant is this relation that it may be taken advantage of in
determining the gencral composition of a rock. To take as an



312 THE CANADIAN NATURALIST. [Sept.

instance the coarsely granular series of rock families the general
range of their specific gravities may be said to be as follows:—

Granite - - - - - 2.65 and under.
Giranitite - - - - 2,65 10 2.8,
Syenite - - - - - 2.8 1o 2.8V5.
Greenstone - - . - 2,875 to B.—

This part of the subject is one of very great interest, but it
would be premature at present to discuss it minutely.

(2o be continued )

NOTES ON THE BOTANY OF A PORTION OF THE
COUNTIES OF ITASTINGS AND ADDINGTON.

By B.J. Harrxaroy, I\,

During a portion of the summer of 1869, I necompanied Mr.
Vennor us his assistant in his exploration, mmeng the Laurentian
rocks of Qutario, and although my lubours were of necessity for
the most part geologicnl, I could not resist the temptation of taking
an occasional botanieal stroll, and jotting down the names of a few
old and familiar friends. While many other Townships were entered,
it was principally in those of Elzevir, Kaladar and Barrie that
attention was given to Dotany. The Lilly and broken character
of the Laurcentian country is well known, and this, together with
the imperfect drainage of the crystalline rocks, and the frequently
seanty and light soil arising from their disintegration, cannot well
fail to exert a marked influence upon the vegetation. Whus,
among the granitic hills of Elzevir, Caprifoliacexe ave exeeedingly
abundant, fourteen species being represemted.  Of the genus
Viburnum there were five species, several of these being very
common. In the lower ground Lricaceous shrubs, and in some
places, more particularly in cedar (Zhuju occidentalis) swamps,
several species of northern Orchids were found. I say low ground,
but there is much of the country having this character which is
in reality -elevated, the imperfect drainage, mentioned above, caus-
ing the formation of hogs, marzhes and Jakes in the hollows among
the hills.
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On the 10th June we left Belleville by stage for Bridgewater,
a village about thirty miles back. The road for the first twenty
miles passes through a beautiful farming country, with here and
there a grove of Maples and Beeeh (Fagus ferruginea). In
clumps along the fences, the Dogwood (Cornus stolonifera), with
its red stems and rewly-opened Howers, was occasionally to he
seen, and just before rcaching the bridge over the Moira, we saw
the May-Apple (Podophyllum peltatum) with its umbrella-like
leaf. Next morning found us among the Laurentian hills at
Bridgewater, with the river Scutomatto (“‘turbulent water™)
rolling past, in the low ground near which we found two speeies of
Crow-foot (Ranunculus recurvaius et abortivus) : a Meadow-Ruc
(Thalictrum dioicum), the Cranberry Tree (Vibwrnum Opulus), an
Llder (Sembucus pubens), the Choke-cherry (Prunus Virginiana)
and Red Cherry (P. Pennsylvanica) were in full bloom, and 2 little
higher up, the showy Bunch-berry (Cornus Cunadensis), the
Service-berry (dmelunchier (unadensis), the Barren Strawberry
(Waldsteinia fragarioides), the Indian Turnip (Arisaema tri-
Phyllum) and the Wild Sarsparilla (dralia nudicanlis).  Close to
the river the Star-Lily (Swmilacina stellata) grew, its starry
flowers looking aull the whiter over the black mud, and a short
distance from the bank several species of Horsetail were waving
like plumes in the breeze, the most commion being Lquisetum
sylvaticum.  Here and there a Trilllum (7' grandiflorum)
was expanding its petals to receive th: sunshine after being
watered by nearly a week’s rain, and two Violets ( Viola cucul-
lata ct blanda) dotted the meadow with their tiny flowers. Oun
the road-side some of the usual stragglers (Cynoglossim officinale,
Verbascum Thapsus and Capselle Dursa-pastoris) were growing
in abundauvee, as if preferring the society of man to the retivement
of the forest; and hard by in a swamp I gathered the three
Flowering Ferns (Osmunda regalis, O. Claytoniana and O. cin-
namomen), the fertile fronds of the last standing straight as
soldiers on duty. Alongside these grew the Sensitive Fern
{Oneclea sensibilis), and, where the ground was dryer, the Bracken
(Peeris aquiling). On a ridge of granitic gneiss to the Kast, we
{ound the Fly-Honeysuckle (Loniceracilia’a), the Wild Gooseberry
(Ribes Cynosbati), the Fringe-Jointed Knotweed (Polygonum
cilinode) and the Sheep Sorrel (Zumex dcetosella). On the highest
point of the rock, the common Polypody (Polypodium vulgare)
seemed to find sufficient nourishment to grow quite luxuriantly,
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while its less aspiring brother (I”. Dryopteris) had chogen a more
congenial spot in the hollow at the base. L'he delicate Bladder
Tern (Cystopterts jragilis) peeped out from ercvices in the rock,
while two Shicld-I'erns (Aspidiuwm spinunlosum and .1 marginale)
and the Lady-Fern (dsplenium Filic-feming) clothed the borders
of a little brook. In the dry ficlds the Plantain-leaved Everlasting
(<Intennaric plantaginifolic) was everywhere abundant.

Throughout the Laurentian country the soil upon limestone
bands is in general much richer than that upon other kinds of
rock, and its influence upon the vegetation is very marked. The
Pines and other evergreens which generally accompany gueissose
rocks, give place to hard-wood trees ; the shrubs, and other plants,
too, are those which are usually found in rieh, moist woods. The
following list of plants, collected on the 12th of June, while
following the Bridgewater limestone southwards, makes  this
evident :—

Acer rubram, Liarella cordifolia,

—— saccharinum, Prillivm erectum,

—— spicatum, Trientalis Americana,
Aquilegia Canadensis, Dentaria diphylla,
Sanguinaria Canadensis, Ampelopsis quinguefolia.
Osmorrhiza brevistylis, Viola Canadensis,

Actaea spicata, “iburnum lantaneides,
Tvularia grandiflora, Poly gonatum biflorum,
Smilacina bifolia, Streptopus roseus,

——— racemosa, Adiantum pedatum, .
Dicentra Canadensis, Aspidinm acrostichoides,
Caulophyllum thalictvoides, Poiypodium Phegopteris, aud
Aralia trifolia, Dotryehium Virginianum.
Mitella diphylia,

On the 13th Juue, we followed the limestone in the opposite
direction from the day before, and found other circumstances
coming in to alter the character of the vegetation. The limestone
occupiced a depression, bordered on cither side by high ridges of
eneiss, and the water accumulating in this hollow had formed a
Cedar and Black Ash (Fraxinus sambucifolic) swamp, which
would be well nigh impenetrable to any but an enthusiastic
naturalist.  On the borders of this swamp we found Aspidium
Thelypteris and A. cristatum, and just within its dismal confines
gathered -Asplendum thelypteroides. A little further and the
Clintonia (C. borealis) spread its broad leaves over the
moss, and seemed to tinkle its bell-like flowers, and the delicate
Twin-flower (Linnaa borealis) covered the stumps as if o con-
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ceal their rottenness, seavce leaving room for the little Goldthread
(Coptis trifoli). erce and there might be scen the downy little
Dalibarda  (D. repens), and but « short distance beyond,
the northern green Orchis (Pletunthera hyperborec) stood as
stiff and straight as an obelisk.  In a spot a litile more open, but
still wet and mossy, I gathered a Coral-root (Corallorhiza Macraet)
in full bloom; it was not again met with during the summer.
Club-Mosses (Lycopodium dendroideum, L. annotiuum and L.
cluvatum) were there very abundant.

Returning by the road, we found amoug the rocky hills a
Sumach  (Rhus typhine) growing in abundance, also the
Blackberry (Zubus willosus) and Red Raspberry (R. strigosus).
On the borders of a moist wood, the little Ileputica triloba grew
in the shade of a Basswood (T%lic Americana). The long, green
racemes hung like earrings from the Striped Maple (dcer Pennsyl-
vanicum), contrasting strongly with the broad, white eymes of a
Cornel (Cornus alternifolic).  "Within the wood we found Pyrola
secundu, Medeole Virginica, Circee alping and Guultheria pro-
cumbens.  In the fields near the road the Crowloot (Ranunculus
acris), Chickweed (Cerastium vulgatum), and Dandelion (Zar-
azacum Dens-leonis) were growing everywhere.

On the day following, I found the first Strawberry (Fragaria
Virginiana) of the season, and among the granitic hills on the
Flinton Road, Corydalis gluuca, Geranium Carolinianum, and
Diervilla trifida, all three in flower. In the swampy depressions,
kefore mentioned, the white blossoms of the Choke-berry (Pyrus
arbutifolic) were now and then to be seen.

From Bridgewater to Flinton (a small settlement in Kaladar)
is a distance of about twelve miles by the direct road; there is,
however, another, known as the Old Flinton Road, which is more
circuitous, and passes through the corner of Hungerford. Upon
this road, about five miles from Bridgewater, the following plauts
were collected on the 16th of June :—

Mitehella repens, Geum rivale,

Chimaphila umbellata, Galinm triflorain,

Calla palustris, Tris versicolor,

Cicuta maculata, Flupatorium purpureunm,
Sium lineare, NXaumburgia thyrsiflora,
Sanicula Marilandica, Senecio aureus,

Rubus odoratus, Myosotis arvensis, and
Physalis viscosa, Erigeron Philadelphicum.

A few days later, in crossing aver to the village of Madoe, we
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lefs the road and took a short cut through the woods, where we
found the Yellow Wood-Sorrel (Oxalis stricte).  On reaching the
river Moira, the Persicaria (Polygonum amphibium) was growing
in the shallow water, its elliptical leaves floating upon the surface,
and not far off the Water Plantain (Alisma Plantago).

The road from Bridgewater to Queensborough (a4 small village
near the western boundary of lzevir) follows for the most part
the course of the green dioritic rocks which succeed the great
aranitic area of Tlzevir. The soil is light and sandy nearly all
the way, but there are occasional marshy spots.  Along this road
the following plants were collected on the 25th of June:—

Ledum latifolinm, Nepeta Cataria,

Caltha palustris, Leucanthemum vulgare,
Lupatorium perfoliatumn, Tanacetum vulgare,

Triosteum perfoliatum, i (inaphalium polycephalum, and
Galium cireezans, Anemone Penusylvanica.

Yiburnwm nudum,

At a place called Hasard’s Corners, a few miles from Queens-
borough, we saw a few Butternut trees (Juglans cinerea). This
was the only place in which this tree was met with during the
summer, and the reason of its occurrence here is probably to he
found in the deposits of drift, which form a richer soil than that
derived from the wear of the metamorphie rocks.

Proceeding, we took the direct road across the granitic area
of RElzevir, gathering by the way a number of plants. On a
sandy hill, near Bridgewater, we found Tiburnum pubescens, and
on the road sides Frigeron strigosum, Potentille morvegica and
Stlene noctiflora.  In the depressions among the granitic hills, the
Common Meadow-Sweet (Spircca salicifolia) was exceedingly
abundant, and S. tomentosa not uncommon. The shrubbery was
composed of different species of Arrow-wood, and in addition to
those alrcady mentioned, the Viburnum acerifolium. The white
blossoms of the Mountain-Ash (Pyrus Americana) were here and
there to be seen, and where fire had been at work, the great
Willow-herh (Epilobium angustifolium). Growing upon the
wlmost bare rock, we found everywhere the Bristly Sarsparilla
(Aralia-hispida). On the borders of a Jittle pond were growing
the Calium trifidum and the Sarracenia purpurea, and in the
water, Nuphar advena. In a moist wood on the eastern side of
the granitic area, we found the Wocd-Sorrel (Ozalis Acetosella),
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the Gossamer-Fern (Dicksonia punctilobule) and the Moose-wood
(Dirca palustris.)

The day following, June 29th, we startad to survey the old
road from TFlinton towards Bridgewater. A considerable portion
of this road passes through dry Pine woods (Pinus Strobus) ; here
we found Honeysuckles (Lonicere hirsute) in full bloom, and
L. parviflore in fruit; also Pyrole rotundifolia both in flower
and fruit.  The Goldenrod (Solidago squarrosa) was seen occa-
sionally, but had not yet spread its showy rays; but the Loosestrife
(Lysimackia quadrifolic) grew in abundance. On the way back
to Flinton, we saw in the sandy fields the common Yarrow (Achil-
lea millefoliwn).

At the beginning of July we left for the Township of Barrie,
and oun the Addington Road found the following species :—

Gpilobium coloratum, Laportea Canadensis,

—— palustre, Verbena hastata,

Apoeeynum androstemifoliune, Polygonum Convolvulus, and
Thalictrum Cornuti, Alnug incana.

Barrie is studded with numerous and beautiful lakes, and
much of our time was spent in following their shores in canoes—
this being the casiest way of obtaining sections across the Tows-
ship. The first lnke visited is known by the name of ¢ Mazinaw,
or, among the settlers, ¢ Michinog’; it is about nine miles long,
varying grcatly in width. On the eastern side the Mazinaw
Cliff rises from the water to a height of about 200 feet perpen-
dicular, at one part slightly overhanging. The Red-man gazes
with awe upon this rock, and, if you question him, tells you that
it is the abode of the Evil Spirit. In years long past he has
ventured to approach the base in his birch canoe, and paint upon
it figures of men and various animals. The oldest settlers say
that the figures were there when they were young, but that they
still retain their original brightness.  Much as we had desired to
sce them, we only obtained a glimpse of the top of an Indian’s
head, since a dam had been built at the foot of the lake, raising
the water several feet The settlers have much to tell about the
rock ; they say that it contains wealth untold, and that in days
gone by the silver could be seen hanging from the face like great
ieicles. Some persons have spent weeks of search, but have
always been obliged to come to the conclusion that the rock is
nothing but a great mass of granitic gneiss, and that whatever
silver may have been there in the past, the Hvil Spirit has sinco
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appropriated.  As we paddled along, we could not wonder at the
superstitions of the savage, for we were awed to silence by
the grandeur of the seene. Qur tiny craft scemed to grow
more and more tiny as we advanced; we felt like pigmics,
and feared lest the plash of the paddic might arouse the ire
of the Spirit who had chosen the rock for his abode. The
summit of the rock is covered with cvergreens, and on the
steep sides a little Jivergreen ov a Bireh (Betule papyracen)
is here and there seen struggling for a foothold. By & clear
spring which trickled down the rock, the Poison Ivy (Zhus Low-
fcodendron) trailed, and along the face of the rock the Harebeil
(Campanula rotundifolic) nodded in the breeze.  Pentstemon

pubescens was very abundant, and here and there we saw tufts of

Woodsia Ilvensis and of Cystopteris fragilis.
In the neighbourhood of Tuilke Mazinaw, we found at different
times during the month of July, the following plants :—

Adlumia cirrhosa,
Potentilla palustris,
Gemm strictum,
Fragaria veseu,

tibes prostratum, -
Saxifraga Virginiensis,
Aralia racemosa,
Cornus circinata.
Sagittaria variabilis,
Aspidium Noveboracense,

Jetula excelsa,
Quercus rubra,
Larix Americana,
Aster puniceus, Xahnia glauca,
cordifolius, Andromeda politolia,
Lysimachia strieta, Cassandra calyenlata.
Iy pericam perfoliatim, Diplopappus umbellatus,
Seutellaria galericulata, Hypericum ellipticum, and
Brunella vaigaris, Tlmus Americana.
Shepherdia Canadensis,

(orallorhiza multiflora,
Pinus resinosa,
Moneses uniflora,
Pyrola chlorantha,
Monotropa ypopitys.
Platanthera orbiculata,
—— bracteata,

— psyeades,
Sambucus Canadensis,
Cephalanthus occidentalis,
Corylus Amerieana,
(Inothera pumila,

—— bicnnis,

On the -fth of August we crossed from Mazinaw to Buckshot
Tiake. If any onc would test his powers of enduranee, let him
shoulder his pack and try this “portage,” much of which passes
{hrough swamps and beaver-meadow, where the mud and water
are knee deep, and the mosquitos make their onset with a ferocity
beyond deseription.  Here we found —

Potentilla fraticosa,
Poniedaria covdata,

Monotropa unifiora,
Cypripedivm acaule,
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Campanula apariniodes, 1oodyera pubescens, and
Clematis Virginiana, Ly copodium complanatum.
Rosa Carolina,
While spending a few days on and about the Frontenac Road,
near the Mississippi River, we found the following plants:—

Lobelia inflata, LEupatorium ageratoides,
— ardinaliy, Solidago Canadensis,
AMimulus ringens, —— altisgima,

Seutellaria lateriflora, Agrimonia Fupatoria, and
Lycopus Kuropeens, Asclepias incarnata.

Such, then, 1s an imperfeet acconnt of the plants collected from
the widdle of June until the latter part of August, in a small
portion of our Laurentian ecouniry. Lhe lists were not intended
for publication, but were kept mercly for private gratification.
otherwise they might and would have been more complete. Being
fully aware of' their imperfection, I have only heen persuaded to
publish them in the hope that they may be of some small service
to those who are studying the distribution of plants in Canada.

MEETING OF TIJ BRITISII ASSOCIATION,
Hdd at Liverpool in September, 1870.

TIE PRESIDENT’S ADDRESS.

My Lords, Tiadies, and Gentlemen,~Tt has long been the
custom for the newly-installed President of the British Association
for the advancement of Science to take advantage of the elevation
of the position in which the suffrages of his colleagues had, for the
time, placed him, and casting his eyes around the horizon of the
scientifie world, to report to them what could be seen from his
watch-tower ; in what directions the multitudinous divisions of the
noble army of the improvers of natural knowledge were marching ;
what important strongholds of the great enemy of us all, Ignorance,
had been reeently captured; and, also, with due impartiality, to
mark where the advanced posts of science had heen driven iu, or
a4 Jong-continued sicge had made no progress.

I propose to endeavour to follow this ancient precedent, in a
mauner suited to the limitations of my knowledge and of my
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capacity. I shall not presumie to attempt @ panoramic survey of
the world of Eecience, nor even to give a sketch of what is doing in
the ove great province of Biology, with some portions of which my
ordinary occupations render me familar.  Bust I shail endeavour
to put before you the history of the rise and progress of a single
biological doctrine; and Ishall try to give some notion of the fruits,
both intelleetual and practical, which we owe, divecily or indirectly,
to the working out, by seven generations of patient and laborious
investigators, of the thoughts which arese, more than two centuries
ar  in the mind of u sagacious and observant Italian natuvalist.

Itis o matter of every-day experience that it is difficult to
prevent many articles of fuod from becoming covered with mould;
that fruit, sound cuough to all appearance, often contains grubs at
the core ; that meat lefts to itself in the air, is apt to putrefy and
swarm with maggots.  Iiven ordinary water, il ailowed to stand
in an open vessel, xooner or later becomes turbid and fuil of living
matter.

The philesophers of antiquity, interrogated s to the cause of
these phenomena, were provided with a ready and a plausible
answer. 14 did not enter their minds even to doubt that these
low forms of life were generated in the matters in which they

sade theirappearance.  Lucretius, who had drunk deeper of the
gcientific spirit than any poet of ancient or modern times  exeept
Goethe, intends to speak asa philosopher, rather than as a poet.
when he writes that ¢ with good reason the earth has g ten the
nume of mother, sinee all things are produced out of  the earth.
And many living ercatures, even, now spring out of the carth,
taking form by the raias and the heat of the sun”  The axiom
of ancicnt science, ©that the corruption of onc thing is the birth
of another,” had its popular embediment in the notion that a seed
dies hefore the young plant springs from it ; a belief'so widespread
and go fixed, that St. Paulappeals to it in oue of the most splendid
outbursts of his fervid clogquence :— Thou fool, that which thou
sowest is not quickened, except iv die.” (1 Covinthians, xv. 36.)
The proposition that life may, and does, procced from that which
has o life, then, was heloulike by the philosophers, the poets, ned
the people of the most ~plightened nations, cighteen hundred years
ago; and it remained the accepted dectrine of lcarned and
unlearned Europe, through the Middle Ages down even fo the
seventeenth century.

It is commonly counted among the many mevits of our grest
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countryman, Ilarvey, thathe was the first to declare the opposition
of fact to vencrable authority in this, as in other matters; but I
can discover no justification for this wide-spread notion. After
careful search through the ¢ Exercitationes de Generatione,” the
most that appears clear to me is, that Harvey believed all animals
and plants to spring from what he terms a “primordium vegetale,”
a phrase which may now-a-days berendered “ a vegetative germ” |
and this, he says, is ¢ oviforme,” or “ egg-like’ ; not, heis careful
to add, that it necessarily has the shape of an egg, but beeause it
has the constitution and naturve of one.  That this « primordium
oviforme?” must needs, in all cases, proceed from a living parent is
nowhere expressly maintained by Iarvey, though such an opinion
may be thought to be implied in one or two passages; while, on
the other hand, he does, more than once, use language which is
consistent only with a full belief in spontancous or equivecal
generation.  In faet, the main concern of Harvey’s wonderful little
treatise is not with generation, in the physiological sense, at all,
but with developement; and his great object is the establishment
of the doctrine of Epigenesis.

The first distinet enunciation of the hypothesis that all living
matter has sprung from pre-existing living matler, came from a
contemporary, though a junior, of Harvey, a native of that
country, fertile in men great in all departments of human activity,
which was to intellectual Burope, in the sixteenth and seventeenth
centuries, what Germany is in the nineteenth. It wasin Italy,
and {rom Italian teachers, that Farvey received the most
important part of his scientific education. And it was a student
trained in the same schools, Francesco Redi—a man of the widest
knowledge and most versatile abilities, distinguished alike as
seholar, poet, physician, and naturalist,—who, just 202 years ago,
published his ¢Jsperienze intorno alla Generazione degl’ Insctti,’
and gave to the world the ides, the growth of which it is my
purpose to trace. Redi’s bhook went through five editions in
twenty years; and the extreme simplicity of his experiments, and
the clearness of his arguments, gained for his views, and for their
consequences, almost universal acceptance.

Redi did not trouble himself much with speculative
congiderations, but attacked particular cases of what was supposed
tv be * spontancous generation” experimentally.  Iere are dead
animals, or picees of meat, says he; I expose them to the air in hot
weather, and in a few days they swarm with maggots.  You tell

Yor. V. v ) No. 3.
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me that these are gencerated in the dead flesh; but if I put similar
bodies, while quite fresh, into a jar, and tic some fine gauze over
the top of the jar, not a maggot makes its appearance, while theo
dead substances, nevertheless, putrefy just in the same way as
before. It is obvious, therefore, that the maggots are not
generated by the corruption of the meat ; and that the cause of
their formation must be a something which is kept away by gauze.
But gauze will not keep away aériform bodies, or fluids.  This
something must, therefore, exist in the form of solid particles too
big to get through the gauze. Nor is one long left in doubt what
these solid particles are; for the blow-flies, atiracted by the odour
of the meat, swarm round the vessel, and, urged by a powerful
but, in this case misleading instinet, lay eggs, out of which
maggots are immediately hatehed, upon the gauze. The
conclusion, therefore, is upavoidable; the maggots are not
generated by the meat, hut the eges which give vise to them are
brought through the air by the flies.

These esperiments seem almost childishly simple, and ono
wonders how it was that no one ever thought of them before,
Simple as they ave, however, they are worthy of the most carcful
study, for every piece of experimental work sinee done, in regard
to tbis subject, has been shaped upon the model furnished by the
Ttalian philosopher. As the results of his experiments were tho
same, however varied the nature of the materials he used, it isnot
wonderful that there arose in Redi’s mind a presumption, that in
all such eases of the sceming production of life from dead matter,
the real explanation was the introduction of living germs from
without into that dead matter—(Redi, J"epcncn,.c, pp- 14-16).
And thus the hypothesis that living matter always avises by the
agency of pre-existing living matter, took definite shape; and had
heneeforward a right to be considered and a claim to be refuted,
in cach particular case, before the production of living matter in
any other way could he admitted by careful reasoners. It will be
necessary for me to refer to this hypothesis so frequently, that, to
save circumlocution, I shall call it the hypothesis of Biogenests;
and I shall term the contrary doctrine—that living matter may be
produced by not living matter—the hypothesis of Abiogenesis.

In the seventeenth century, as I have said, the laiter was the
dominant view, sanctioned alike by antiquity and by authority;
and it is interesling to observe that Redi did not escape the
customary tax upon a discoverer, of having to defend himself
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against the charge of impugning the authority of the Seriptures
(Redi, L c. p. 45, Lsperienze, p. 120); for his adversaries de-
clared that the gencration of bees from the carcase of a dead lion
is afirmed, in the Book of Judges, to have been the origin of the
famous riddle with which Samson perplesed the Philistines:

Out of the eater came forth meat,

And out of the strong came forth sweetness.

Against all odds, however, Redi, strong with the strength of
demonstrable fact, did splendid battle for Biogenesis; but it is
remarkable that he held the doetrine in 2 sense which, if he had
lived in these times, would have infallibly caused him to be
classed among the defenders of “spontancous generation.”
“Omne vivum ex vivo,” “no life without antecedent life,”
aphoristically sams up Redi's doctrine; but he weut no further.
It is wmost remavkable evidence of the philosophie caution and
impartiality of his mind, that, although he had speculatively
anticipated the mauner in which grubs really are deposited in
fruits and in the galls of plants, he deliberately admits that the
cevidence is insuflicient to bear him out; and he therefore prefers
the supposition that they are generated by a modification of the
living substance of the plants themselves. Iodeed, he regards
these vegetable growths as organs, by means of which the plant
gives rise to an animal, and looks upon this production of specific
animals us the final cause of the galls and of, at any rate, some
fruits. And he proposes to explain the occurrence of parasites
within the animal body in the sume way.

It is of great importance to apprehend Red?s position rightly;
for the lines of thought he laid down for us are those upon which
naturalists have been working ever since.  Clearly he held
Biogenesis as against Abiogenesis; and I shall immediately
proceed, in the fiest plice, to inquire how far subsequent
investigation has borne him out in so doing.

But Ledi also thought that there were two modes of Biogenesis.
By the one method, which is that of common and ordinary
occurrence, the living parent gives rise to offspring which passes
through the same eycle of changes as itself—like gives rise to like;
and this has been termed Homogenesis. By the other mode, the
living parent was supposed to give rise to offspring which passed
through a totally differcnt series of states from those exhibited by
the pavent, and did not return inte the cycle of the parent: this
is what ought to be called Ileterogenesis, the offspring being
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altogether, and permanently, wunlike the parent. The term
Heterogenesis, however, has unfortunately been used in a different
sepse, and M. Milne-Edwards has thercfore substituted for it
Xencgenesis, which means the generation of something foreign,
After diseusing Redi’s hypothesis of universal Biogenesis, then,
Ishall go on to ask how far the growth of seience justifies his
other hypothesis of Xenogenesis.

The progress of the hypothesis of Biogenesis was triumphant
and nnchecked for nearly a century.  The application of the
microscope to anatomy, in the hands of Crew, Lecuwenhock,
Swammerdam, Lyonet, Vallisnieri, Reaumur, and other
illustrious investigators of nature ‘of that day, displayed sucha
complexity of organization in the lowest and minutest forms, and
everywhere revealed such a prodigality of provision for their
multiplication by germs of ohe sort or another, that the hypothesis
of Abiogenesis began to appear not only untrue, but absurd; and
in the middle of the cighteenth century, when Needham and
Buffon took up the question, it was almost universally diseredited.
(¢ Nouvelles Observations,” p. 169 and 176.)

But the skill of the microscope-makers of the cighteenth
century soun reached its limit. A microscope magnifying 400
diameters was a chef-d'ceuvre of the opticians of that day; and,
at the same time, by no means trustworthy. But a magnifying-
power of 400 diameters, even when definition reaches the exquisite
perfection of our modern achromatic lenses, hardly suffices for
the mere discernment of the smallest forms of life. A speck,
only ¥ of an inch in diameter, has, at ten inches from the eye, the
same apparent size as an object ywdmsth of an inch in diameter,
when magnified 400 times; but forms of living matter abound,
the diameler of which is not more than yrissth of an inch. A
filtered infusion of hay allowed to stand for two days, will swarm
with living things, among which, any which reaches the
diameter of a human red blood-corpusele, or about y2'ssth of an
inch, is a giant. It is only by bearing these ficts in mind, that
we can deal fairly with the remarkable statements and speculations
put forward by Buffon and Needham in the middle of the

cighteenth century. .
When a portion of auy animal or vegetable body is infused in

water, it gradually softens and disintegrates; and as it does so,
the water is found to swarm with minute active creatures, the so-
called Infusorial Animalcules, none of which can be seen except
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by the aid of the microseope ; while a large proportion belong to
the category of smailest things of which I have spoken, and which
must have all looked like mere dots and lines under the ordinary
microscopes of the eighteenth century.

Led by vavious theoretical considerations, which I cannot now
discuss, but which looked promising enough in the lights of that
day, Buffon and Necdham doubted the applicability of Redi’s
hypothesis to the infusorial animalcules, and Needham very
properly endeavoured to put the question to an experimental test.
He said to himself, if these infusorial amimaleules come from
germs, their germs must exist either in the substauce infused,
or in the water witn which the infusion is made, or in the
superjacent air. Now the vitality of all germs is destroyed by
heat. Therefore, if I boil the infusion, cork it up carefully,
cementing the cork over with mastic, and then heat the whole
vessel by heaping hot ashes over it, 1 must needs kill whatever
germs are present.  Consequently, if Redi’s hypothesis hold
good, when the infusion is taken away and allowed to cool, no
animalenles ought to be developed in it; whereas, if the
animaleules are not dependent on pre-esisting germs, bub are
generated from the infused substance, they ought, by-and-by, to
make their appearance. Needham found that, under the
circumstances in which he made his experiments, animaleules
always did arise in the infusions, when a suflicient time had
clapsed to allow for their developement.

In much of his work Needham was associated with Buflon, and
the results of their experiments fitted in admirably with the great
French naturalist’s hypothesis of % organic molecules,” according to
which, life is the indefeasible property of certain indestructible
molecules of matter, which exist in all living things, and have
inherent activities by which they are distinguished {rom not
living matter. Iach individual living organism is formed by
their temporary combination. They stand to it in the relation of
the particles of water to a cascade or whirlpool; or to a mould,
into which the water is poured. The form of the organism is
thus determived by the reaction hetween external conditions
and the inherent activities of the organic molecules of which it is
composed ; and, as the stoppage of a whirlpool destroys nothing
but & form, and leaves the molecules of the water, with all their
inherent activities intact, so what we call the death and
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putrefaction of an animal or a plant ia merely the breaking up of
the form, or manuner of association, of its constituent organic
molecules, which are then set free as infusorial animaleules,

It will be perceived that this doctrine is by no means identical
with Abiogenesis, with which it is often confounded. On this
hypothesis, a piece of beef or a haudful of hay is dead only in a
limited sense. The beef is dead ox, and the hay is dead grass;
but the “organic molecules ” of the beef or the hay are not dead,
but are ready to manifest their vitality as soon as the bovine or
herbaceous shrouds in which they are imprisoned are rent by the
macerating action of water. The hypothesis, thevefore, must be
classified under Xenogenesis rather than under Abiogenesis. Such
asit was, I think it will appear, to those who will be just enough
to remember that it was propounded before the birth of modern
chemistry and of the modern pptical arts, {o be a most ingenious
and suggestive speculation.

But the great tragedy of science—the slaying of a  beautiful
hypothesis by an ugly fact—which is so constantly being enacted
under the eyes of philosophers, was played almost immediately,
for the benefit of Buffon and Needham.

Once more, an Italian, the Abbé Spallanzani, a worthy suceessor
and representative of Redi in his acutencss, his ingenuity, and his
learning, subjected the experiments and the conclusions of
Needham to a searching criticism. It wmight be true that
Needhaw’s experiments yielded results such as he had described,
but did they hear out his arguments ? Was it not possible, in
the first place, that he had not completely excluded the air by his
corks and mastic? And was it not possible in the second place,
that he had not sufficiently heated his infusions and the superjacent
air?  Spallanzani joined issue with the English naturalist on both
these pleas; and he showed that if, in the first place, the glass
vessels in which the infusions were contained were hermetically
sealed by fusing their necks, and if, in the second place, they were
exposed to the temperature of boiling-water for three quarters of
au  hour (see Spallanzapi, ¢Opere’ vi. pp. 42 and 51), no
animaleules ever made their appearance within them. It must be
admitted that the experiments and arguments of Spallanzani
furnish a complete and a crushing veply to those of Needham.
But we all too often forget that it is one thing to refute a
proposition, and another to prove the truth of a doctrine which



1870.] BRITISH ASSOCIATION. 327

implicitly, or explicitly, contradiets the proposition; and the
advance of science soon showed that though Needbam might be
quite wrong, it did not follow that Spallanzani was quite right.

Modern Chemistry, the birth of the latter half of the eighteenth
century, grew apace, and soon found herself face to face with the
great problems which Biology had vainly tried to attack without
her help. The discovery of oxygen led to the laying of the
foundations of a scientific theory of respiration, and to an
examination of the marvellous interactions of organic substances
with oxygen. The presence of free oxygen appeared to be oneof
the conditions of the existence of life, and of those singular changes
in organic matters which are known as fermentation and
putrefuction. The guestion of the generation of the infusorial
animacules thus passed into a new phase. For what might not
have happencd to the organic matter of the infusions, or to
the oxygen of the air, in Spallanzani’s esperiments? Whas
security was there that the developement oflife which ought to have
taken place had not been ehecked, or prevented, by these changes ?

The battle had to be fought again. It was needful to repeat
the esperiments under conditions which would make sure that
neither the oxygen of the air, nor the composition of the organic
matter, was altered, in such a manner as to interfere with the
existence of life.

Schulze and Schwann took up the question from this point of
view in 1836 and 1837. The passage of air through red-hot glass
tubes, or through strong sulphuric acid, does not alter the
proportion of its oxygen, while it must needs arrest, or destroy, any
organic matter which may be contained in the air. These experi-
menters, therefore, contrived arrangements by which the only air
which should come into contact with a boiled infusion should be
such as had cither passed through red-hot tubes ov through strong
sulphurie acid.  T'he result which they obtained was that an infu-
sion so treated developed no living things, while if the same infu-
sion was afterwards exposed to the air such things appeared rapidly
and abundantly. The accuracy of these experiments has been
alternately denied and affirmed. Supposing them to be accepted,
however, all that they really proved was, that the treatment to
which the air was subjected destroyed something thas was essen-
tial to the developement of life in the infusion. This «“something”
might be gaseous, fluid, or solid; that it covsisted of germs
remained only an hypothesis of greater or less probability.
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Contemporaneously with these investigations a remarkable dis-
covery was made by Cagniard de La Tour. He found that com-
mon yeast is composed of a vast accumulation of minute plants.
The fermentation of must, or of wort, in the fabrication of wine
and beer, is always accompanied by the rapid growth and multi-
plication of these Torule. Thus fermentation, in so far as it
was accompanied by the developement of microscopical organisms
in enormous numbers, became assimilated to the decompesition of
an infusion of ordinary animal or vegetable matter; and it wasan
obvious suggestion that the organisms were, in some way or other,
the causes both of fermentation and putrefaction. The chemists,
with Berzelius and Lichig at their head, at first laughed this idea
to scorn; but in 1843, a man then very young, who has since
performed the uuexampled feat of attaining to high eminence
alike in Mathematics, Physics and Physiology,—I speak of the
illustrious Helmholtz,—reduced the matter to a test of experi-
ment by a method alike clegant and conclusive. Helmholtz sepa-
rated a putrefying, or fermenting liquid, from one which was
simply putrescible, or fermentable, by a membrane, which allowed
the fluids to pass through and become intermixed, but stopped the
passage of solids. The result was, that while the putrescible, or
the fermentable, liquids became impregnated with the results of
the putrescence, or fermentation, which was going on on the other
side of the membrane, they neither putrefied (in the ordinary way)
nor fermented; nor were any of the organisms which abounded
in the fermenting, or putrefying, liquid generated in them.
Therefere the cause of the developement of these organisms must
lie in something which cannot pass through membrane; and as
Helmholtz’s investigations were long antecedent to Graham’s
researches upon colloids, his natural conclusion was, that the
agent thus intercepted must be a solid material. In point of fuct
Helmholtz’s experiments narrowed the issue to this: that which
excites fermentation and putrefaction, and at the same time gives
rise to living forms in a fermentable, or putrescible fluid, is not a
gas and is not a diffusible fluid ; therefore it is cither a colloid, or
it is matter divided into very minute solid particles.

The researches of Schroeder and Dusch in 1854, and of Schroe-
der alone, in 1839, cleared up this point by experiments which
are simply refinements upon those of Redi. A lump of cotton-
wool is, physically speaking, a pile of many thicknesses of very fine
ganze, the fineness of the meshes of which depends upon the close-
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ness of the compression of the wool. Now, Schroeder and Dusch
found, that, in the case of all the putrefiable materials which they
used (except milk and yolk of egg), an infusion hoiled, and then
allowed to come in contact with no air butsuch ashad been filtered
through cotton-wool, neither putrified nor fermented, nor developed
living forms. Tt is hard to imagine what the finc sieve formed by
the cotton-wool could have stopped except minute solid particles.
Still the evidence was incomplete until it had been positively
shown, first, that ordinary air does contain such particles; aud,
secondly, that filteration through cotton-waol arrests these par-
ticles and allows only physically pure air to pass. This demon-
stration has been furnished within the last year by the remark-
able experiments of Prof. Tyndall. It has been a common objec-
tion of Abiogenists that, if the doctrine of Biogeny is true, the
air must be thick with germs; and they regard this as the
height of absurdity. Bub natare occasionally is exceedingly un-
reasonable, and Prof. Wyndall has proved that this particular
absurdity may nevertheless be a reality. e has demonstrated
that ordinary air is no better than a sort of stirabout of exces-
sively minute solid particles; that these particles are almost
wholly destructible by heat; and that they are strained off, and
the air rendered optically pure, by being passed through cotton-
wool.

But it remains yet in the order of logic though not of history,
to show that, among these solid destructible particles, there really
do exist germs capable of giving rise to the developement of living
forms in suitable menstrua. This picce of work was done by M.
Pasteur in those beautiful researches which will ever render his
name famous, and which, in spite of all attacks upon them, appear
to me now, as they did seven years ago (‘Lectures to Working
Men on the Causes of the Phenomena of' Organic Nature,” 1863,
to be models of acurate experimentation and logical reasoning.
He strained air through cotton-wool, and found, as Schroederand
Dusch had done, that it contained nothing competent to give rise
to the developement of life in fluids highly fitted for that purpose.
But the important further links in the chain of evidence added by
Pasteur are three. In the first place, he submitted to microscopic
examination the cotton-wool which had served as strainer, and
found that sundry bodies, clearly recognizable as germs, were
among the solid particles strained off. Sccondly, he proved that
these germs were competent to give rise to living forms by simply
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sowing them in a solution fitted for their developement. And,
thirdly, he showed that the incapacity of air strained through cotton-
wool to give rise to life was not due to any occult ehange effected
in constituents of the air by the wool, by proving that the cotton-
wool might be dispensed with altogether, and perfectly free access
left between the exterior air and that in the experimental flask.
If the neck of the flask is drawn out into a tube and bent down-
wards, and if; after the contained fluid hasbeen carefully hboiled,
the tube is heated sufficiently to destroy any germs which may be
present in the air which caters as the fluid eools, the apparatus
may be left to itself {for any time, and no life will appear in the
fluid. The reason is plain. Although there is free communica-
tion between the atmosphere laden with germs and the germless
air in the flask, contact between the two takes place only in the
tube; and as the germs cannot fall upwards, and there are no
currents, they never reach theinterior of the flask. But if the
tube be broken short off where it proceeds from the flask, and free
access be thus given to germs falling vertically out of the air, the
fluid, which has remained clear and desert for months, beeomes,
in a few days, turbid and full of life.

These experiments have been repeated over and over again by
independent observers with entire success; and there is one very
gimple mode of seeing the fact for oneself, which I may as well
desceribe.

Prepare a solution (much used by M. Pasteur, and often called
¢t Pasteur’s solution’’) composed of water with tartrate of ammonia,
sugar, and yeast-ash dissolved therein. Infusion of hay treated in
the same way, yields similar results; butas it contains organic
matter, the argument which follows cannot be based upon it.
Divide it into three portions in as many flasks; boil all three for
a quarter of an hour; and, while the steam is passing out, stop
the neek of one with & large plug of cotton-wool, so that this also
muy be thoroughly steamed. Now set the flasks aside to cool,
and when their contents are cold, add to one of the open oues a drop
of filtered infusion of hay which has stood for twenty-four hours,
and is cousequently full of the aetive and excessively minute
organisms known as Bacteria. In a couple of days of ordinary
warm weather, the contents of this flask will be milky, from the
enormous multiplication of Bacteria, The other flasks, open and
exposed to the air, will, sooner or Jater, become milky with Bac-
teria, and patches of mould may appear in it; while the liquid in
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the flask, the peck of which is plugged with cotton-wool, will
remain clear for an indefinite time. I have sought in vain for any
explanation of these facts, except the obvious one, that the air
contains germs competent to give rise to Bacteria, such as those
with which the first solution has been knowingly and purposely
inoculated, and to the mould Fungi. And I have not yet been
able to meet any advocate of Abiogenesis who seriously maintains
that the atoms of sugar, tartrate of amonia, yeast-ash and water,
under no influcnee but that of free access of air and the ordinary
temperature, re-arrange themselves and give rise to the protoplasm
of Bacterium. But the alternative is to admit that these Bacteria
arise from germs in the air; and, if they are thus propagated, the
burden of proof, that other like forms are generated in a different
manner, must rest with the asserter of that proposition.

To sum up the effeet of this long chain of evidence:—

It is demonstrable, that a fluid eminently fit for the develope-
ment of the lowest forms of Jife, but which contains neither germs
nor any protein compound, gives rise to living things in great
abundanee, if it is exposed to ordinary air; whileno such develope-
ment takes place if the air with which it is in contact is mechanically
freed from the solid particles, which ordinary float in it, and which
may be made visible by appropriate means.

It is demonstrable, that the great majority of these particles are
destructible by heat, and that some of them are germs, or living
particles, capable of giving rise to the same form of life as those
which appear when the fluid is exposed to unpurified air.

It is demonstrable, that inoculation of the experimental fluid
with a drop of liquid known to contain living particles, gives rise
to the same phenomena as exposure to unpurified air.

And it is further certain that these living particles are so
minute that the assumption of their suspension in ordivary air
present not the slightest difficulty. On the contrary, considering
their lightness and the wide diffusion of the organisms which pro-
duce them, it is impossible to conceive that they should not be
suspended in the atmosphere in myriads.

"Thus the evidence, direct and indirect, in favour of Biogenesis
for all known forms of life must, I think, be admitted to be of
great weight.

On the other side, the sole assertions worthy of attention are,
that hermetically sealed fluids, which have been esposed to great
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and long-continued heat, have sometimes exhibited living forms of
low organization when they have been opened.

The first reply that suggests itself is the probability that there
must be some error about these experiments, because they are
performed on an cuormous scale every day, with quite contrary
results. Meat, fruits, vegetables, the very materials of the most
fermentable and putrescible infusions, are preserved to the extent
I suppose I may say, of thousauds of tons every year, by a method
which is 2 mere application of Spallanzani’s experiment. The
matters to be preserved are well boiled in a tin case provided with
a small hole, and this hole is soldered up when all the air in the
case hasbeen replaced by steam. "By this method they may he
kept for years, without putrefying, fermenting, or getting mouldy.
Now this is not because oxygen is excluded, inasmuch as it is now
proved that free oxygen is not neceszary for either fermentation
or putrefaction. It is not because the tins are exhausted of air,
for Vibriones and Bacteria live, as Pastcur has shown, without
air or free oxygen. It is not because the boiled meats or vege-
tables are not putrescible or fermentable, as those who have had
the misfortune to be in a ship suppiied with unskillfully closed
tins well know. What is it, therefore, but the exclusion of the
germs? I think that Ablogenists are bound to answer this ques-
tion before they ask us to consider new experiments of precisely
the same order.

And in the next place, if the results of the experiments I refer
to are really trustworthy, it by no means follows that Abiogenesis
has taken place. The resistance of living matter to heat is known
to vary within considerable limits, and to depend, to some extent,
upon the chemical and physical qualities of the surrounding
medium. But if, in the present state of science, the alternative
is offered us, either gorms can stand a greater heat than has been
supposed, or the molecules of dead matter, for no valid or intel-
ligible reason that is assigned, are able to rc-arrapge themselves
into living bodics, exactly such as can be demonstrated to be fre-
quently produced in another way, I cannot understand how choice
can be, even for 2 moment, doubtful.

But though I cannot express this conviction of mine too strongly,
I must éarefully guard myself against the supposition that I
intend to suggest that no such thing as Abiogenesis ever has taken
place in the past, or ever will take place in the future. With
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organie chemistry, molecular physics, and physiology yet in their
infancy, and every day making prodigious strides, I think it would
be the height of presumption for any man to say that the condi-
tions under which matter assumes the propertics we call ¢ vital”
may not, some day, be artificially brought together. All I feel
justified in affirming is, that I sec no reason for believing that the
feat has been performed yet.

And, looking back through the prodigious vista of the past, I
find no record of the commencement of life, and therefore I am
devoid of any means of forming a definite conclusion as to the
conditions of its appearance. Belief, in the scicntifie sense of the
word, is a serious matter and needs strong foundations. To say,
therefore, in the admitted absence of evidence, that I have any
belief as to the mode in which the existing forms of life have ori-
ginated, would be using words in a wrong sense. But expectation
is permissible where belief is not; and if it were given to me to
look beyond the abyss of geologically recorded time to the still
more remote period when the carth was passing through
physical and chemical conditions, which it can no more see
again than a man may recall his infaney, I should expeet to be a
witness of the evolution of living protoplasm from not living
matter. I should expect to see it appear under forms of great
simplicity, endowed, like existing Fungi, with the power of deter-
mining the formation of new protoplasm from such matters as
ammonium carbonates, oxalates and tartrates, alkaline and earthy
phosphates, and water, without the aid of light. That is the
cxpectation to which analogical reasoning leads me; but I beg
you once more to recollect that I have no right to call my opinion
anything but an act of philosophical faith.

So much for the history of the progress of Redi’s great doctrine
of Biogenesis, which appears to me, with the limitations I have
expressed, to be victorious along the whole line at the present
day.

As regards the second problem offered to us by Redi, whether
Xenogenesis obtains, side by side with Homogenesis; whether,
that is, there esist not only the ordinary living things, giving rise
to offspring which run through the same cycle as themselves, but
also others, producing offspring which arc of a totally different
character from themselves, the researches of two centuries have
led to a different result. That the grubs found in galls are no
product of the plants on which the galls grow, but are the result of
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the introduction of the cggs of insects into the substance of these
plants, was made out by Vallisnicri, Reaumur, and others, before
the end of the first half of the cighteenth century.

The tapeworms, bladderworms and flukes continued to be a
stronghold of the advoeates of Xenogenesis for a much longer period.
Indeed, it is only within the last thirty years that the splendid
patience of Von Sicbold, V'an Beneden, Leuckart, Kuchenmeister,
and other helminthologists, has succeeded in tracing every such
parasite, often throughthe strangest wanderings and metamorphoses,
to an egg derived from a parent actually or potentially like itself;
and the tendeney of inquiries elsewhere has all been in the same
dircction. A plant may throw off buulbs, but these, sooner or later,
give rise to sceds or spores, which develope into the original form.

A polype may give rise to Medusz, or a pluteus to an Echino-
derm, but the Medusa andithe Echinoderm give rise to eggs
whick produce polypes or plutei, and they are therefore only stages
in the cycle of life of the species.

But if we turn to Pathology, it offers us some remarkable approx-
imations to true Xenogenesis.

As T have already mentioned, it has been known since the time
of Vallisnieri and of Reawmur that galls in plants and tumours
in cattle are caused by insects, which lay their eggs in those parts
of the animal or vegetable frame of which these morbid structures
are outgrowths. Again, it is a matter of familiar experience to
everybody that mere pressure on the skin will give rise to a corn.
Now the gall, the twinour, and the corn are parts of the living body,
which have become, to a certain degree, independent and distinet
organisms. Under the influence of certain external conditions,
clements of the body, which should have developed in due subor-
dination to its general plan, set up for themselves, and apply the,
nourishment which they receive to their own purposes.

From such innocent productions as corns and warts there ave all
gradations to the serious tumours which, by their mere size and
the mechanical obstruction they causc, destroy the organism out
of which they arc developed ; while, firally, in those terrible struc-
tures known as cancers, the abnormal growth has acquired powers
of reproduction and multiplication, and is only morphologically
distinguishable from the parasitic worm, the life of which is neither
more nor less closely bound up with that of the infested organism.

If there were a kind of discased structure, the histological
clements of which were capable of maintaining a separate and
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independent existence out of the body, it scems to me that the
shadowy boundary between morbid growth and Xenogenesis would
be effaced. And I am inclined to think that the progress of
diseovery has almost brought us to this point already. I have
heen favoured by Mr. Simon with an early copy of thelast published
of the valuable ¢ Reports on the Public Health,” which, in his
capacity of their Medical Officer, he annually presents to the Lords
of the Privy Council. The Appendix to this Report contains an
introductory essay ¢On the intimate Pathology of Contagion,’ by
Dr. Burdon Sanderson, which is one of the clearest, most compre-
hensive, and well-reasoned discussions of a great question which has
come under my notiee for a long time. T refer you to it for details
and for the authorities for the statements I am about to make.

You are familiar with what happens in vaceination. A minnte
cut is made in the skin, and an infinitesimal quantity of vaccine
matter is inserted into the wound. Within a certain time, a vesicle
appears in the place of the wound, and the fluid which distends
this vesicle is vaccine matter, in quantity a hundred or a thousand-
fold that which was originally inserted. Now what has taken
place in the course of this operation ? Has the vaccine matter by
its irritative property produced a mere blister, the fluid of which
has the same irritative porperty ? Ordoes the vaccine matter
contain living particles, which have grown and multiplied where
they have been planted ? The observations of M. Chauveau,
extended and confirmed by Dr. Sanderson himself, appear to leave
no doubt upon this head. Experiments, similar in principle to
those of Helmholtz on fermentation and putrefaction, have proved
that the active element in the vaceine lymph is non-diffusible, and
consists of minute particles not cxeeeding zolvs of an inch in
diameter, which are made visible in the Iymph by the microscope.
Similar experiments have proved that two of the most destructive
of epizootic diseases, sheep-pox and glanders, are also dependent
for their existence and their propagation upon extremely small
living solid particles, to which the title of microzymes is applied.
An animal suffering under cither of these terrible diseases is a
source of infection and contagion to others, for precisely the same
reason as a tub of fermenting beer is capable of propagating its
fermentation “by infection,” or “contagion,” to fresh wort. In
both cases it is the solid living particles which are cfficient; the
liquid in which they float, and at the expense of which they live,
being altogether passive.
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Now arises the question, are thesc microzymes the results of
Honogenests or of Xenogenesis; are they capable, like the Terule
of yeast, of arising only by the developement of pre-existing germs ;
or may they be, like the constituents of a nut-gall, the results of a
modification and individualization of the tissues of the body in
which they are found, resulting from the operation of certain
conditions? Are they parasites in the zoological sense, or are they
merely, what Virchow has called ¢ heterologous growths™? It is
obvious that this question has the most profound importance,
whether we look atit from a practical, or from a theoretical, point
of view. A parasite may be stamped out by destroying its germs,
but a pathological product can only be aunihilated by removing
the conditions which give rise to it.

It appears to me that this great problem wiil have to be solved
for each zymotic disease scparately, for analogy cuts two ways. I
have dwelt upon the analogy bf pathological modification, which is
in favour of the xcnogenetic origin of microzymes; but I must
now speak of the equally strong analogies in favour of the origin
of such pestiferous particles by the ordinary process of the genera-
tion of like from like.

It is, at present, a well-cstablished fact that certain diseases,
both of plants and of animals, which have all the characters of
contagious and infectious epidemics, are caused by wminute
organisms. The smut of wheat is a well-known instance of such a
disease, and it cannot be doubted that the grape-disease and the
potato-disease fall under the same category. Among animals,
insects are wonderfully liable to the ravages of contagious and
infectious diseases caused by microscopic Fungi.

In autumo, it is not uncommon to see flies, motionless, upon a
window-pane, with a sort of magie circle, in white, drawn round
them. On microscopic examination, the magic cirele is found to
consist of innumerable spores, which have been thrown off in all
directions by a minute fungus called Empusa musce, the spore-
forming filaments of which stand out like a pile of velvet from the
body of the fly. These spore-forming filaments are connected with
others, which fill the ioterior of the fly’s body like so much fine
wool, having eaten away and destroyed the creature’s viscera.
Thisis the full-grown condition of the Empusa. If traced back
to its carlier stages, in flies which are still active, and to all appear-
ance healthy, it is found to exist in the form of minute corpuscles
which float in the blood of the fly. These multiply and lengthen
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into filaments, at the expense of the fly’s substanee; and when they
have at last killed the patient, they grow out of its body and give
off spores.  Ilealthy flies shut up with discased anes catch this
mortal disease and perish like the others. A most competent
observer, M. Cobu, who studied the development of the Empusa
in the fly very carefully, was utterly unable to discover in what
manner the smallest germs of the Kmpusa got into the fly. The
spores could not be made to giverise to such germs by cultivation ;
nor were such germs discoverable in the air, or in the food of the
fly. It looked exceedingly like a case of Abiogenesis, or, at any
rate, of Xenogenesis; and it is only quite recently that the- real
course of events has been made out. It has been ascertaived, that
when one of the spores falls upon the body of a fly, it begins to
germinate, and sends out a process which bores its way through
the fly’s skin ; this, having reached the interior cavities of its body,
gives off the minute floating corpusecles which are the earliest stage
of the limpusa. The discase is « contagious,” because a healthy
fly coming in contact with a discased one, from which the spore-
bearing flluments protrude, is pretty sure to carry off a spore or
two. TItis“infectious” hecause the spores become scattered about
all sorts of matter in the neighbourhood of the slain flies.

The silkkworm has long been known to be subject to a very fatal
contagious and infectious disease called the Muscadine. Audouin
transmitted it by inoculation. This disedse is entirely due to the
development of a fungus, Botrytis Busstane, in the body of the
caterpillar ; and its contagiousness and infectiousness are accounted
forin the same way as those of the fly disease. But of late years
a still more serious epizootic has appeared among the silk worms;
and I may mention a few facts which will giveyou some conception
of the gravity of the injury which it has inflicted on France alone.

The production of silk has been, for centuries, an important
braneh of industry in Southern IT'ranee, and in the year 1853 it
had attained such a magnitude, that the annual produce of the
Trench sericulture was estimated to amount to a tenth of that of
the whole world, and represented a money value of 117,000,000
franes, or nearly five millions sterling. What may be the sum
which would represent the money-value of all the industries
conneeted with the working up of the raw silk thus produced, is
more than I can pretend to estimate. Suffice it to say, that the
City of Lyons is built upon Freuch silk, as much as Manchester
was upon Ameriean cotton before the civil war.

Yo, V. W No. 3.
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Silkworms are liable to many diseases ; and even, before 1853,
a peculiar epizootic, frequently accompanied by the appearance of
dark spots upon the skin (whence the name of ¢ Pébrine” which
it has received), had been noted for its mortality. Butin the
years following 1853 this malady broke out with such extreme
violence, that, in 1856, the silk-crop was reduced to a third of the
amount which it had reached in 1853 ; and, up till within the last
year or two, it has never attained half the yicld of 1853. This
means not only that the great number of people engaged in silk-
growing are some thirty millions sterling poorer than they might
have been ; it means not only that high prices have had to he paid
for imported silk-worm-eggs, and that, after investing his money
in them, in paying for mulberry-leaves and for atiendance, the
cultivator has constantly seen his silk-worms perish and himself
plunged in ruin,—but it means that the looms of Lyons have
lacked employment, and that, for years, enforccd idleness and
misery have been the portion of a vast population which, in former
days, was industrious and well to do.

In 1858 the gravity of the situation caused the IFrench Academy
of Sciences to appoint Commissioners, of whom a distinguished
naturalist, M. de Quatrefages, was oue, to inquire into the nature
of this disease, and, if possible, to devise some means of staying
the plague. In reading the Report (Etudes sur les Maladies
Actuelles des Vers a Soie, p. 53) made by M. de Quatrefages, in
1859, it is exceedingly interesting to observe that his elaborate
study of the Pébrine forced the convietion upon Lis mind that, in
its mode of occurrence and propagation, the disease of the silk-
worm is, in every respect, comparable to the cholera among man-
kind. But it differs from the cholera, aund, so far,is a more
formidable disease, in being hereditary, and in being under some
circumstances contagious, as well as infectious.

The Italian naturalist, Filippi, discovered in the blood of the
silkworm affected by this strange disease, a multitude of eylindri-
cal corpuscles, each about si'ss of an inch long. These have been
carefully studied by Lcbert, and named by him Panhistophyton ;
for the reason that, in subjects in which the disease is strongly
developed, the corpuscles swarm in every tissuc and organ of the
body, and even pass into the undeveloped eggs of the female moth.
But are these corpuscles causes, or merc concomitants, of the
disease ? Some naturalists took one view and some another ; and

/it was pot until the French Government, alarmed by the continued
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ravages of the malady, and the inefficieney of the remedies which
had been suggested, despatched M. Pasteur to study it, that the
question received its final settlement ; at a great sacrifice, not only
of the time and peace of mind of that eminent philosopher, but, [
regret to have to add, of his health,

But the sacrifice has not been in vain. It is now certain that
this devastating, cholera-like, Pébrine is the effect of the growth
and multiplication of the Panhistophyton in the silkwerm. Tt is
contagious and infections because the corpuscles of the Panhisto-
phyton pass away from the bodies of the discased caterpillars,
directly orindireetly, to the alimentary canal of healthy silkworms
in their neighbourhood; it is hereditary, because the corpuscles
cuter into the eggs while they are being formed, and consequently
are carried within them when they are laid; and for this reason,
also, it presents the very singular peculiarity of being inherited
only on the mother’s side. ‘There is not a single one of all the
apparently capricious aud unaccountable phenomena presented by
the Pébrine, but has received its explanation from the fact that
the disease is the resuls of the presence of the mierescopic organism,
Panhistophyton.

Such being the facts with respeet to the Pébrine, what are the
indications as to the method of preventing it? 1t is obvious that
this depends wpon the way in which the Panhistophyton is
generated.  Ifit may be generated by Abiogenesis, or by Xeno
genesis, within the silkworm or its moth, the extirpation of the
disease must depend upon the prevention of the occurrence of the
conditions under which this generation takes place. But if, on the
other hand, the Panhistophyton is an independent organism, which
is no more generated by the silkworm than the mistletoe is gene-
rated by the oak, or the apple-tree, on which it grows, though it
may need the silkworm for its developement, in the same way as
the mistletoe needs the tree, then the indications are totally differ-
ent.  The sole thing to be done is to getrid of and keep away the
germs of the Panhistophyton. As might be imagived, from the
course of his previous investigations, M. Pasteur was led to believe
that the latter was the right theory; and guided by that theory,
he has devised a method of extirpating the disease, which has
proved to be completely successful wherever it has been properly
carried out.

There can be no reason, then, for doubting that, among inseets,
contagious and infectious discases of great malignity are caused by
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minute organisms which are produced by pre-existing germs, or by
Homogenesis ; and there is no reason, that I know of, for believing
that what happens in inseets may not take place in the highest
animals. Indeed, there is already strong evidence that some
diseases of an extremely malignant and fatal character to which
man is subject, are as much the work of minute organisms as is
the Pébrine. I refer for this evidence to the very striking facts
adduced by Prof. Lister in his various well-known publications on
the antiseptic method of treatment. It scems to me impossible to
rise from the perusal of those publications without a strong convic-
tion that the lamentable mortality which so frequently dogs the
{ootsteps of the most skilful operator, and those deadly consequences
of wounds and injuries which seem to haunt the very walls of great
hospitals, and are even now destroying more men than die of bullet
or bayonet, are due to the importation of minute organisms into
wounds, and their inerease and multiplication ; and that the surgeon
who saves most lives will be he who best works out the practical
consequences of the hypothesis of Redi.

I commenced this Address by asking you to follow me in an
attempt to trace the path which has been followed by a scientific
idea, in its long and slow progress from the position of a probable
hypothkesis to that of an established Law of Nature. Our survey
has not taken us into very attractive regions; it has lain chiefly
ina land flowing with the abominable, and peopled with mere
grubs and mouldiness. And it may be imagined with what smiles
and shrugs practical and serious contemporavies of Redi and of
Spallanzani may have commented on the waste of their high abilities
in toiling at the solution of problems which, though curious
enough in themselves, could be of no conceivable utility to mankind.

Nevertheless, you will have observed that before we had travelled
very far upon our road, there appeared, on the right band and on
the left, fields laden with a harvest of golden grain, immediately
convertable into those things which the most sordidly practical of
men will admit to have value,—namely money and life.

The direct loss to France caused by the Pébrine in seventeen
years cannot be estimated at less than fifty millions sterling ; and
if we add to this what Redi's idea, in Pasteur’s hands, has done
for the wine-grower and for the vinegar-maker, and try to
capitalizz its value, we shail find that it will go a long way towards
repairing the money losses eaused by the frightful and calamitons

- war of this autumn.
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And as to the equivalent of Redi's thought in life, how can we
over-estimate the value of that knowledge of the nature of epidemic
and epizootic discases, and, consequently, of the means of checking
or eradicating them, the dawn of which has assuredly commenced ?

Looking back no further than ten years, it is possible to select
three (1863, 186+ and 1869), in which the total number of deaths
from seavlet fever alone amounted to 90,000. That is the return
of killed, the maimed and disabled being left out of sight. Why,
it is to be hoped that the list of killed in the present bloodiest of
all wars will not amount to more than this! But the facts which
I have placed before you must leave the least sanguine without a
doubt that the nature and the causes of this scourge will one day
be as well understood as those of the Pébrine are now; and that
the long-suffered massacre of our innocents will come to an end.

And thus mankind will have one more admonition that the
“people perish for lack of knowledge” ; and that the alleviation of
the miseries and the promotion of the welfare of men must be
sought, by those who will not lose their pains, in that diligent,
patient, loving study, of all the wmultitudinous aspects of Nature,
the results of which constitute exact knowledge, or Science.

It is the justification and the glory of this great Meeting that
it is gathered together for no other object than the advancement
of the moiety of Science which deals with those phenomena of
Nature which we call Physical. May its endeavours be ecrowned
with a full measure of success !

GEOLOGY AND MINERALOGY.

Tue Srupent’s ELEMENTS OF GEOLOGY. By Sir Charles
Lyell, Bart,, I.R.S.—The Elements and Principles of Geology,
by Sir Charles Lyell, have been probably the most successful
works on that science ever published. The former has gone
through six cditions, and the latter is now ia its tenth. A
new edition of the Klements being required, Sir Charles was
induced to curtail it to suech dimensions as would make it a more
suitable manual fur students, without sacrificing any of its
essential features. This he has accomplished in the present
‘“ Student’s Elements,” which is a perfect gem in its way. Com-
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pact in size, admirably arranged, its well filled pages beautifully
illustrated, it brings up every department of geulozy to the latest
point in regard to facts, while the discussions in regard to
theoretical views are very striet, pithy and well-weighed.  While
the formations of lurope are, as is usual in Briti.h text-books,
taken as types, those of other parts of the world are well worked
in; and a fair share of attention is given to the discoverics which
have recently been made on this continent.

Sir Charles notices fully the recent remarkable discoveries of
fossils in the Lower Cambrian of Britain, which extend a rich
fauna back into the Longmynd Group, at one time supposed to be
nearly barren of fossils. He proposes, in conunection with this
to establish firmly the once debateable Cambrian system, and to
extend it as far upward as the Tremadoc. 1le thus arranges
these rocks : — ‘

Upper Cambrian :
Tremadoc Slates (Primordial of Barrande in purt.)
Lingula Flags (Primordial of Barrande.)
Lower Cambriun :
Mencvian Beds (Primordial of Barrande.)
«. Harlech grits.
b. Llanberis slates.

He regards the Potsdam Sandstone as equivalent to the Upper
Cambrian, and places the Huronian as the possible equivalent of
the Lower Cambrian. Ie barely notices our richly fossiliferous
Lower Potsdam or Acadian group, and does not include it in his
table, though it would have enabled him to find an equivalent for
his Menevian beds. He still regards Histioderma as a worm-
burrow, not being, apparently, aware of Mr. Billings' more pro-
bable explanation of it as a cast of a sponge.

It would, however, be uscless to follow in detail a work of this
kind, which every student and amateur in geology should have
in his hands as a book of reference, and which as nearly as is
possible in that science whose goal to-day is its starting point
to-morrow, brings up the subject to a level with the present
state of knowledge, and compresses all its more important facts
into the shortest possible space, while exhibiting them with the
utmost clearness.

Longmynd Group {

Georogrcar DiscoveRrIEs 1N Brazin.—The following letter
to one of the Editors from Prof. Hartt, 2 Nova Scotian by birth
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and cducation, and now Professor in Cornell University, gives
gome interesting notes on his present explorations in Brazil. The
letter is dated from near Mont Alegre, Rio des Amazonas :—

¢ I have been making some discoveries down here that I think
will interest you, On the Rio Tapajos I found a large area
occupied by Carboniferous (lower) strata, affording fossils in pro-
fusion. The rocks are sandstoune, limestone and shale,—the two
former full of fossils. The strata are horizontal. The fossils
bear a very close resemblance, many of them, to Nova Scotian
species, There is a Productus cora and a P. semireticulatus
wonderfully like the forms found at Windsor. I have between
one and two huadred species of these fossils, and most of
them will admit of determination. Many of the brachiopods, &e.,
are perfectly free from the rock, and shew interiors, loops, &e. I
have one species of T'rilobite, probably Phillipsia. Of fishes I have
teeth _cales, aud spines. I am in doubt whether the deposits are
Sub Carboniferous or Lower Coal Measures; I think the latter
the most probable. I am going to give up my little steamer,
which, through the kinduness of the President of the Province L
have had for two months, and divide up my party. I shall then
return to the Tapajos to study out carefully these carboniferous
deposits and Agassiz’s drift. By the bye in this last there are, at
Mont Alegre and Aveivos, trap beds.”

BOTANY AND ZOOLOGY.

Tue GeocrariicAL HANDBook or FErns; by Ketharine
M. Lyell, London, 1870.—Mrs. Lyell has done good service
to botanical students by compiling and publishing this excellent
and most lahoriously prepared handbook. The labor incident to
such work can be appreciated only by those who have made similar
attempts at compilation and geograpbical distribution. The globe
is divided into eighteen scctions or botanical areas, and the
catalogues of all the species known to occur in each of these secx
tions occupies the bulk of the volume; an indication of the distri-
bution of speeies throughout the section is given in addition to
the name,— thus Nephrodium fragrans oceurs in three of
these catalogues, first in one of the sections of Asia, ¢ Northern,
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Central and Western Asia, China and Japan” where its habi-
tat is said to be ““high-arctic and sub-arctic regions, Caueasus
“to Kawmtschatka, Munchuria, and Amur; ”—and then in two of
the N. A. arcas. The Jast foxty pages of the book are eccupiced by
a systematie catalogue of all the species, with the oceurrence of
cach throughout these cighteen areas tabulated in parallel columns.
North America is botenically deemed to go no further south than
the northern Mexican boundary and is divided into three arcas :—
1st, British America east of the Rocky mountains, and Greenland,
2nd, the United States east of the Rocky mountains and Bermuda,
and 3rd, the territory west of the Rocky Mountains {rom Alaska
to the Mesican boundary. As the two first are not botanically
separable by any geographical line perhaps that chosen by Ms.
Lyell is as good as any. Of the forty-four species given as
oceuring in the Canadian gdivision, four have probably been
inserted without suflicient authority; Woodsin scopuline, Lomua-
rig Spicant and LPolypodium alpestre sre known only from the
west side of the Rocky Mountains, and the occurrence of Asplenium
marinum in New Brunswick still awaits verification. On the
other hand nine undoubted natives have been omitted, some of
them through an inadvertence as Mrs. Lyell informs me; they
are,—

Cheilanthes gracilis (* base of the
Rocky Mountains, Aug. 13,
1828, Bourgeau no. 3639 in

Ierb. ook.?),

Pteris aquilina,

Woodwardia Virginica,

Scolopendrivm vulgare,

Woodsia Oregana (Lake Winnepeg

Aspidimm Lonehitis,

Nephrodinm Noveboracense,

Botry chium matricariefolinmA. Br
CGnelnding 5. lanceoletin
and=2I. rutacecum in Syn. Fil.
of Iooker, but not of Swartz),
and

Ophioglossum valgatum.

and westward),

Of these forty-nine species at least twenty are common to both
sides of the Rocky Mountains, ail of which (with a doubt as to

* Prof. Baton was kind enoagh to trace ont the exaet locality for me
—* Windy mountain near lacs des Ares, N. lat. H1° 17 44, vide
~Dr. Heetor’s journal m the * Blue Book’ on Capt. Dalliser’s BExpedition.”
This statiop is probably its northern limit. Tn the U.S. it ocenrs on hoth
siles of the Rocky mountains and as far south as Arizonu (Terb. Laton)
and New AMexico (Ch. Wright nos. 818, 2125). It is the Ch. vestila of
Hook. F1. Bor. Aw. ii, p. 264 and Sp. Fil.ii, p. 93, the Ch. lanuginosa of
Gray’s Manual.



1870.] BOTANY AND ZOOLOGY.

the two species which are marked) are also known to oceur on

the mountains themselves ; thege are,—

Woodsia Oregana,
Cystea fragilis,
Adiantum pedatun ?
Cryptogramme crispa,
Pellea atropurpurea,
Pteris aquilina,
Asplenium viride,
Trichomanes ?
Filix-feemina,
Aspidium Lonchitis,

On the east side of the Rocky Mountains, but apparently not
extending as far west as the mountains, ave twenty-three species,

as follows,—

Onoclea sensibilis,
Strathiopteris,
Woodsia glabella,
hyperborea,
Dicksonia punctilobula,
Cystea bulbifera,
Pellea gracilis,
Woodwardia Virginiea,
Asplenivm ebencum,
angustifolinm,
———— thelypteroides,
Scolopendrium vulgare,

Aspidinn aculeatum,
Nephrodium Filix-mas,
fragrans,
spinulosum,
Tolypodinm vulgare,
Phegopteris,
Dryopteris,
Botrychium Lunaria,
ternatum, and
virginianwn.

Scolopendrinm rhizophyilum,
Nephrodinm Thelypteris,
Noveboracense,
Goldieanum,
Tolypodinum hexagonopterm,
Osmunda regalis,
Claytoniana,
cinnamomea,
Botrychium simplex,
matricarizefolinm, and
Ophioglossum vulgatum.

The remaining six speeies of this area are found ou the Rocky
mouutaiuos, all of them (except Ch. gracilis which is not known
cast of Illincis) also extending eastward to the Atlantic; they are,

Cheilanthes gracilis,
Cystea montana,
Woodsia Ilvensis,

Aspidinm acrostichoides,
Nephrodivm cristatum, and
marginale ;

making forty-nine species indigenous to that portion of British
America to the cast of the Rocky mouutains. Irom the moun-
tains westward to the Pacific we have but cleven other species
which may be noted here. They are,

—On the Rocky Mountains and westward,
Woodsia scopuiina, Tolypodium alpestre.

—On the West Coast, but not cxtending as far cast as the

Rocky Mountains,

Woodsia obtusa,” Cheilaathes gracillima,

* Itis somewhat singular that this species which is common throughout
Prof. Chapman's and Dr. Gray’'s limits, coming right up to our borders
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Pellrea densa, Gymnogramme triangularis,
Lomaria Spicant, Nephrodium rigidum, (A. argutum,
Polypodinm Scouleri, . Kaulf),

intermedinm, and Aspidinm munitum,

thus giving British America a known fern-flota of sixty species
of which twenty-cight oceur on the Rocky mountains.

On another pageis given a list of the ferns of Labrador which
includes some species not hitherto published. Thanks to Mr.
Becket (one of the staff of the Geological Survey of the Island)
and to Dr. Bell (this journal vol. iv. 1869, p. 256) we have now
a tolerably longlist of the ferns of Newfoundland though Qoubtless
cight or ten species more would reward any caleful collector. It
is as follows :—

Onoclea sensibilis, Nephrodium fragrans (Bell),
Woudsia Ilvensis, . Filix-mas (Kunze),
glabella  (Becket— robust spinulosum  (verum et

specimens  like  some  of dilatatum),

Macoun’s from Lake Superior), Polypodimn Dryopteris,
Cystea fragilis, Phegopteris,
——— bulbifera, vulgare,
Pellrea gracilis, Osmunda regalis,
Pteris aquilina, Clay toniana,
Asplenium viride (Becket), ——— cinnamomea,

thelypueroides (Bell), Botryehium Lunaria (Lyell),

ternatum (Iooker),
virginianum (IDooker).

—~——— Tilix-feemina,
Aspidium aculeatum (Bell—the
var. Brannii),

A list of the ferns of Greenland, an outlying province of North
America but with a Xuropean flora cven aloug its western
shores, has an interest in this conneetion. It is copied from Prof.
Lange’s catalogue in Rink’s # Gronland” the author’s nomencla-
ture being preserved.

Polypodium Dryopteris L. Cystopteris fragilis Bernh.
~———  Phegopteris L. Woodsia ilvensis . Br.
———  alpestre Hoppe, hyperborea R. Br.

Aspidium Lonchitis Swe. Botrychium Lunaria Sw.

fragrans illd. rutaccum Irics (=D.

Tsastraea Filix-mas Presi, matricariacfolium 4. Br.)

dilatata Lresl,
Mirs. Liyell adds Woodsta glabella and Asplcnium viride without

in thc Smtc of New Yorl\ should be unl\nowu on thc e'xst side of the
Rocky mountains in British Awmerica and unknown on the west side in
the United States. Its Br. Am. stationis on the authority of Kew
specimens colleeted in 1861 on Galton mountains by Dr. Lyall of the
Oregon Boundary Survey.
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giving her authority and probably in error. Not ouc of these
twelve species is peculiar to America; none of them are likely
to have come from America unless dspidium fragrans, a non-
Buropean plant wide-spread in north Asia.

Turning to Mrs, Lyell's second aren, the United States east
of the Rocky Mountains and north of Mexico, we find that the
admitted species number seventy-cight, of which these four have
probably been inserted in error :—

Cystea montana (the Rocky Moun- { Cheilanthes gracillima, and
taius habitat of which is north | Woodsia scopulina  (neither of
of N. lat. 49°), which ocenr on the east side
Pellzea densa (“ Washington® Ter- of the mountains).
ritory being on the west side), |

A good many species should be added which may be conve-
niently divided into various groups:—

A. Species which occur on the Rocky Mountains, but not as
far north as lat. 490—

Cheilanthes Fendleri,
Asplenium Septentrionale,

Ncthochlana Fendler,
——— dealbata :—

[These four species added to the twenty-cight above noted, gives
thirty-two species as the fern flora of the Rocky Mountains. ]

B. Species which oceur on hoth sides of the mountaing (Cali-
fornia, Arizona or New Mexico, and Texas)—

Pelleea Wrightiana, Nothoclaena sulphurea (Mr. Baker’s
g suiy
mucronata, species is probably too com,
] prehensive).

C. Species which have to be removed from the third arca into
this—

Cheilanthes Wrightii, Nothochlana sinuata,
Lindheimeri, — ferruginea,

Pelleea aspera, Gymnogramme pedata,

~——— pulchella, Aneimia Mesicana.
cordata,

Aspidium juglandifolium,

This division must be held to include the trans-Mississippi
States cast and north of the Rio Grande, some of which (as Lexas,
Missouri, ete.) Mrs. Liyell erroneously quotes as belonging to her
third area.

D. Two Tastern speeies are omitted, probably in error—Wood-
sia glabella (New York and northward); Woodsia hyperhorea
(Vermont, H. Mann, and northward).

These additions bring up the number of the known specics
inhabitisg this arca, to nincty-four; to which may be added
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Woodsie Peruviana, should Chas. Wright’s no. 2120 prove to be
that species, and a new Asplenium recently found by Prof.
Bradley in Tennessee.

Mrs. Lyecll’s third division, embracing all North America to the
west of the Rocky Mountains and north of Mexico, is well sepa-
rated into a hotanical area, but, considering its extent and variety
of climate, its fern flora is small though in many respects pecu-
Har.  Mrs. Lycll enumerates sixty speeies which number must, I
fear, be considerably reduced, inasmuch as a great part of the
range of mountains known as Sierra Madre is in (old) Mexico,
not in New Mexico, and while such States as that last named and
Colorada are common to both second and third areas, others, such
as Texas, Kansas, Missouri, aud Nebraska, arc wholly in the
second. The omissions should probably be as follows :—

A. The eleven species above enumerated as belonging to the
sccond area not being known to occur on the west side of New
Mexico.

B. Xight species not known on the west coast further north
than Mexico proper :—

Adiantum Capilus-veneris (which, | Cheilanthes viscosa,
however, occurs on the east | Polypodium Madrense,
side from Alabama south- | Gymmnogramme tartarea,
ward), ———podophylla,

Cheilanthes Seemanni Acrostichum conforme.

——— micropbylla (there is a
Kew tradition that this specics
ogeurs in Texas, but it needs
confirmation),

A few species should be added, some of which I enumerate :—
Cheilanthes argentea (said to have | Nephrodinm  fragrans  (N. W.

heen collected by a Russian America, Seemann),
botanist in Alaska), ——— dilatatum, (same locality
Newberrii Faton (San Diego, and collector).

Dr. Newberry and Prof. Wood),

Pellaa (Sierras, 1369, Prof.
Bolander — probably a new
snecies),

The scanty fern flora of the west coast may be scen from
the following list copied from “ A Catalogue of the Plants of San
Francisco,” by II. N. Bolander, 1870, which is said to include
all the "¢ speeies found about 2 hundred miles north and south of
“ San Franciseo, and as far east as Mount Diablo ” :—
Polypodium Scouleri, Adiantum pedatum,

——— Californicum, . —=—— Chilense,
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Petris aquilina, Cystopteris fragilis,
Pellaen mueronata, Aspidium munitum,
——— densa, ~—-—— Californicam,

andromedzefolia, Nephrodium rigidum,
Gymmogramme triangularis, —— Tilix-mas,
Woodwardia radicans, i

or only fiftcen species in all.  Within the sawme distances of
Montreal we could muster nearly three times as many.

Mrs. Lyell has followed the “Synopsis Filicam ™ of Iooker and
Baker in nomenclature and species limitation, and, in the fore-
going remarks, I have more or less closely followed her example.

Norice o¥ Fucus SerraTUS ¥0ouND 1¥ Prcrou IIarbour.
By Rev. A. . Kemp, M.A.—On the 29th June, 1869, I had an
opportunity of examining the shores of the harbour of Pictou,
Nova Scotia, and was fortunate enough in finding very fine speci-
mens of Fucus servatus Lion.  This plant is very common on
the rocky sea-shores of Furope, and specially so in the northern
parts of the DBritish Islands. Harvey, in his Preface to the
Nereis Boreali-Amaricana, says that Fucus serratus has not yet
(1851) been detceted in America. In the supplement to that
work (1858), he says: « T have received a small fragment of this
¢ common Turopean plant, stated to have been found at Newbury-
¢ port, Mass, U.S. It is hardly probable that it is cither con-
¢ fined to onc locality, or even rave, wherever it oceurs; yet none
“of my other correspondents have sent it, nor do I know
“ the circumstances under which Captain Pike obtained it. I
¢ hope this votice may lead some one on the coast to investigate
¢ the subject ; for JGuropean botanists are yet uncertain whether
% 17, serratus be really bona fide native of the American coast, or
“ merely a stray waif accidentally cast ashore.” I have myself
examined several points ou the eastern coast of Aumerica where,
if anywhere, this plant might be expected to grow, but have
never secn a fragment of it. At Portland, and along the coast of
Maine, northward, the shore is highly favourable for the growth
of the larger fuci. At Peak’s Island I found a peculiar analogue
of I serratus, occupying very much its place, and having nearly
the same formTand habit, escepting the serratures of the marzius.
It was very abundant on the outer shores of the islands in Casco
Bay, but seems very much to be confined to that locality. I did
ot find it on the northern shores of the State around Eastport.
Harvey thinks the plant is Fucus anceps. It is as prolific and
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abundant as F. serratus is in Europe. I have also examined
several localitics on the northern shores of Nova Scotia and in
the harbour of IHalifax, and have not scen a fragment of F.
serratus, nor have I ever found it in the collections of amatewrs.
It was on the western shore of the harbour of Pictou, north of
the town, that I first met with this plamt. It was cast ashore
along with other sea-weeds, I however found it nowhere growing
there. J7. nodosus and F. vesiculosus were abundant @ situ, but
not this one. I searched carefully for it at low water, and only
found at last a few fronds of it growing on a flat stone about a
foot and a half in length aund six inches in breadth, and lying
loose on other stones, on the shore about a mile to the south of
the town. Irom the quantity that lay on the shores, it was
obvious that it grew abundantly in the harbour, but in deep
water., This is not its usual habit. Along with allied specics it
generally occupies the space between tide marks. From these
circumstances I have been led to think that F. serratus is not
indigenous to this continent, and has been introduced from
Europe. Probably it has been brought in the ballast of British
ships, which used at a former time to be discharged in to the deeper
parts of the harbour. This will also account for its deep-sea
habitat. Lhe fronds which I found growing were, as I have noted,
on a flat stone that might easily have been washed ashore by
the force of the waves, floated, as it would be to some extent, by
the luxuriant vegetation which covered it. I have every reason
to believe that this is the first authenticated instance of the
existence of this plant on the eastern coast of America; and is
probably the first instance in modern times of a naturalised
European alga.

Lasrapor Praxts.—The Rev. S. R. Butler, who has re-
cently returned from a residence extending over several years in
Labrador, has been good enough to give me a list of all the plants
collected by him when there, from which I have compiled the
following catalogue. Mr. Butler explains his localities thus:—
“The two places I have most thoroughly examined are Caribou
¢ Tsland and Forteau Bay. When a plant is marked ¢ Caribou,’
¢ it, is meant that I found it ouly at that place; when ¢ Forteau’
“ is mentioned, the plant may occur all round Forteau Bay,
¢« while ‘Amour’ means that T have found it only in ‘L’ance
« Amour,’ and that it is not likely to occur elsewhere in the Bay;
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¢« and when no loeality is specified, the species may be espected to
¢ ogeur at many places, if not all along the coast.” Amour Point
is in the Strait of Belle Isle in long. 562 50°, and is thus in La-
brador proper, while Caribou, three-fourths of a degree to the west-
ward, is in the Dominion. Mr. Butler adds that he collected
neither pines, willows nor glumaceous plants, and that his more
obscure species were named for him by Prof. Xaton, of New
Haven. This gentleman hos kindly furnished me with a list of
the collections of Miss Mactarlane in and around the same
localities, which contained several specics not mentioned by Mr.
Buatler; these T have inserted in their proper places, with the

collector’s name attached :

Ranunculus acris
grassy places, Forteau.
Anemone parvitlora Michr— hill-
sides, Forteau.
Thalictrum dioicum  ZLinn.—hill-
sides and along brooks,
Caribou and Forteau,
Cornuti Linn—(diss Mac-
. farlanc No. 1).
Coptis trifolia Salisb—in swamps
X along the coast.
Nuphar advena Aiton—in ponds,
Caribou,
Arabis alpina ZLinn.—Dbrook-sides,
Torteau.
Draba incana Zinn.—Caribou.
Cochlearia tridactylites Linn.—sca-
shore, Caribou.

hill-tops,
Fortean,

Viola blanda Willd.~—moist places,
common along the coast.
Muhlenbergii Zorrey—hill-
sides, common,
rotundifolia

swamps.

Parnassia  parviflora Cand.~hill-

sides, Amour.

acaulis  Linn.~hill-tops

Amour, also Old Yort

Island.

Arenaria Greenlandica  Spreng.—
hill-sides, Baic des Roch-
ers.

“«—— peploides  Linn—in sand
near the sea-shore, Cari-
bou and Fortean.

Drosera Linn—in

Silene

verna.  Linn. — hill-sides,
Amour.
lateriflora  ZLinn, — level

grassy places,

Linn. —level ' Stellaria longipes Goldie——near the

sea-shore.

Edwardsii R. Br—(iss
Macfarlane No. 9. Tor-
rey & Gray very properly
reduce this to a variety of
the last species).

borealis Bigelow—hill-sides,
Caribou.

crassifolin  Ehrh—~marshy
flats.

Cerastium alpinum Zinn.

arvense Linn.

—abundant about Forteau,
Astragalus alpinus Zinn.
Hedysarum boreale Nuttall

—hill-sides, Amour.

Lathyrus maritimus Bigelow-—Cari-
bou and Amour,

palusuris Linn.—Caribou.

Oxytropis campestris Cand.—hill-

side - near Fortcau light-
house.

Sanguisorba Canadensis Linn.—

abundant on hill-sides.

Alchemilla vulgaris Linn.—abun-

dant on hill-sides, Amour.

Dryas octopetala Linn—hill-tops,

Amour.

Geum rivale Linn——brook-sides.

Potentilla Norvegica Linn—~along
the sca-shore.

Anscrine. Linn—~flats near
shore

palustris  Scopoli—marshy
places, Caribou.

tridentata 4iton—abundaut
everywhere.

maculata  Pousret — hills,
Amour.




352

Fragaria Virginiana FEhrk.—spar-
ingly on hill-sides.

Rubus Chamwemorus Linn—abun-
dant everywhere,

articus  Linn, — in level
grassy places,

triflorus  Richkn—on hill-
sides.

strigosus Micke—in inland
gulches.

castoreus Fries?—Forteau.
Pyrus Americana Cand. —in gulches
and on hills,
Amelanchicer Canadensis Zorrey et
G'ray var. oligocarpa Gray
—in swamps.
Spilobium augustifolium Linn.—
on hill-sides, Caribou.
alpinum Linn.—wet places,
Tortean.
palustre  Zinn. — marshy
places, common.
latifolium Linn.—sca-shore,
Amour.
Ribes lacustre Loiret
——— prostratum L'Iler. }
—ravines, common in the
interior.
Sedum Rhodiola Cand.—on rocks
and hill-sides.
Saxifraga aizoides Linn.—on rocks,
Forteau.
—— oppositifolia ~ Linn, — on
rocks, Amour,
cespitosa  Linn~—in level
seady places, Forteau.
Mitella nuda  Linn.— hill-sides,
Forteau.
Cornus Canadensis  Linn.— com-
mon cverywhere,
ITeracleum lanatum Mickz
Archangelica atropurpurea
Iloffm.?
—hill-sides and ravines.
Ligusticum Scoticum Linn.—Cari-
bou.
Lonicera carulea Linn.
Linnxa borealis Gronov. }
on hill-sides.
Viburnum pauciflorum 2Lylaie—in
ravines.
Galium trifidum, var. pusillum 4.
Gray—(Miss Macfarlane
No. 25).
Senecio pseudo-Arnica Lessing—on
hill-sides.
aurcus Linn. var. Balsami-
tee Gray—in swamps.
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Aster Radula Aiton—on the sca-
shore.
Vaccinum caspitosum Micha— on
hill-sides.
uliginosum
swamps.
Vitis-Idwea Linn.—on hills,
Oxycoccus Linn. — in
swamps.
Pennsylvanicmin Lam. var,
angustifolium  Gray.—on
hill-sides.
Chiogenes hispidula Zorrey et Gray
—(Miss Mack. No. 35).
Cassandra calyculata .Don — in
marshy places.
Andromeda polifolia  Linn. — in
swamps.
Kalmia glauca .4iton—hill-sides
and swamps.
Rhodora Canadensis ZLinn.—~hill-
sides, Caribou.
Ledum latifolium «iton—common
on hills.
Rhododendron Lapponicum ekl
—on a hill-top near
Amour,
Loiscleuria procumbens Desy.—on
hills, Caribou.
rotundifolin  Linn. — in
swamps, Amour.
Moneses uniflora Gray—in damp
shady places.
Armeria Labradorica Boissier—on
a hill-top, Amour.
Primula farinosa Linn.—along shore
and on hill-sides.
stricta Jlornem—Fox Island
near Caribou (P. Mistas-
sinica Michz.)
Trientalis Americana LPursh—com-
mon on hills.
Plantago pauciflora Pursh—(diss
Macfarlane No. 42).
Pinguicula vulgaris Linn.—in moist
places.
Euphrasia officinalis Linn.~—on hill«
sides, Caribou.
Rhinanthus Crista-galli Linn.—
common on hill-gides and
on flats,

Mertensia maritima Don—in sand
on the sea~shore.
Diapensia Lapponica Linn.—~com-

mon on hill-tops at Cari-

Linn, — in

Pyrola

bou.
Gentiana acuta Mickz— on flats,
Caribou,
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propinqua Richn

Halenia deflexa Grised.

—on hill-sides, Amour.

Pleurogyne rotata Griseb.—on flats
at Caribou and shores of
Ilsquimaux river,

Menyanthes trifoliata Linn.

Diapensia Lapponica Linn—com-
mon on hill-tops, Caribon,

Polygonum viviparum Linn.—com-
mon.

Empetrum nigrum ZLinn—every-
where common.

Myrica Gale Linn.—(Miss Macfur-
lane No. 56).

Betula nana Linn,

glandulosa Michz f

~—on hill-sides everywhere.

pumila Linn—(Miss Mac-

farlane No. 57).
Americana  Michr — in
swamps and ravines.

Juniperus communis  Linn.—on
hill-tops.

Sparganium simplex Judson—(the
vars. genuinum and an-
gustifolium of Gray)—in
ponds, Caribou.

Habenaria obtusata Lickn—on hill-

sides, Caribon.

dilatata Gray

hyperborea 2. Br.

—in swamps and on hill-
sides.

Listera cordata B. Jr.—in ravines,
Caribou.

Iris versicolor Linn.—common on

flats and hill-sides,

Larix

Tue StupENTs FLora orF wug BRrrrisi ISLANDS.
London : -MacMillan & Co:—Yet
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Smilacina bifolia Ker

trifolia Desf. !
~in marshy places.

stellata Desf.—on the sea-

shore.

Clintonia borealis Rafin.—on hill-
sides.

Streptopus  roseus  Mickx — in
ravines.

amplexifolius Cand —(Miss
Macfarlane No. 62).

Eriophorum capitatum 2ost—on
hill-tops.

russcolum Fries—in swamps
and on high hills.

shore.
—on the sea-shore,

Luzula parvifolia Desv.—on hills.

Hicrochloa borealis Roem. et
Schultes

Lycopodium annotinum ZLinn.—

ravines and hill-sides.

Poa pratensis Linn.—on the sea-
Elymus mollis Lrinius
Polypodium Dryopteris Linn.~—on

rocks.
Phegopteris  Linn. — in
ravines.
Pellea gracilis Jlook. rocks,
Cystea fragilis Smith }’ Amour.

montana (Lam.)—Amour.

Aspidium  spinulosum  Swartz —
ravines and hills, common.

Athyrium TFilix-femina Roth—on
hill-sides.

t Botrychium Lunaria Swartz—hill-

7T sides, Amour.

[l
] .t

Ay

By

another flora of Britain! is one’s involuntary exclamation on
opening this book—making not a fifth wheel but something like
a tenth wheel to the proverbial ecoxch. Nor is. this feeling modified
after a careful perusal of the book ; the work is, of course, well
done—remarkably well done, as is everything that Dr Hooker
does—but why should one of the first botanists of the day waste
such good work on a thread-bare subject? THad Dr. Hooker
given us a condensed flora of north Furope, or, better still, taking
in Ledebour's ground, of the northern portion of the eastern
hemisphere, not merely British students, but students the world
over would have thanked him; as it is, one cannot help feeling
that a great deal of good work has been thrown away. Dr.
Vou. V. b ) No. 3.
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Hooker may well afford to leave the naming and deseribing of
some twenty varieties of Ranupculus aquatilis and the thirty
varieties of Rubus fruticosus to less busy pens. There arve in
this book some remarkably good features well worked out.  Dr.
noker gives the affinities of each family, oftentimes a note of its
properties (p. 259, “a few are purgative or emetic or intensely
bitter or very poisonous”), always its distribution throughout the
world and the numbers of genera and species comprised in it.
IIc gives the same details under each genus and the geographical
distribution of each species. As regards our personal hobby, the
ferns, his notes on such of the species as are also American are
remarkably correet, much more so than in any foreign flora we
have seen. I note only the following corrections: Z'richomanes
radicans oceurs in Alabama which is not ¢ trop. Am.” ; Asplenium
marinum is still given as ¢ Brit. N. America® ; and Scolopen-
drium vudgare is said to occur in ©“ N. W, America,” while it is
known only from Western Canada and New York., Dr. Hooker
in orthodox in his mode of quoting authors ; hence he writes the
name of a well-kuown Linnean plant as ¢ Selaginella sclaginoides
Gray,” thus depriving Link of what little credit may be due to
him, but giving compensation elsewhere by writing ¢ Cystopteris
montana Link,” which species is certainly Bernhardi’s in view of
what he wrote in Schrader’s neus Journal for 1806, part 2nd,
p- 26; moreover this old blunderer’s impossible genus (loc. cit.,
table ii., fig. 9) having been accepted, he may as well get the
benefit of any doubt touching ore of the species. Dr. H. intro-
duces a new name to fern honors, the Acrostichum septentrionale
of Linneaus being referred to its proper genus Asplenium as A.
septentrionale IZudl, an author unkoown to us. It would add
greatly to the value of such manuals if the reference were given
in addition to the name of the author of the species; Asplenium
germanicum Weis Plantee Crypt. p. 299, or Scolopendrium
Smith in Turin Mem., v., p. 1421, do not occupy much space,
and are necessary to the proper understanding of the names
quoted. Dr. Hooker writes ¢ Nephrodium ecristatum Rich.”
probably for Richard, and referring to Michaux's Flora, of which
work he was author. If this be correct some other author’s name
must be'found to attach to this well-known Linnean plant, inas-
much as Prof. Eaton has shewn that Michaux’s eristatum is
spinulosum, as might have been surmised from the omission of
the latter species from that work, though it is much more general
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than cristatum, and is one of the commonest of ferns in this
country. The refercuce, ¢ A. cristatum Sw.” under Nephrodium,
Filix-mas, is probably a slip of the pen. The  var. uliginosum
(Rabenhorst, no. 19) is correctly referred to this species, and is
thesame as our Aspidium Boottis of Tuckerman in Hovey’s Mag.
of Hort. and Bot. vol. ix. (1843), p. 145, which Dr. Ilooker,
however, quotes as a variety of his “sub sp. dilatatum ' under
« V. spinulosum Desv.”—wherein, I think, he errs.  The last-
named specics is divided into three sub-species: (1) “spinulosum
proper”; (2) dilatatum having four varieties — glandulosum,
nanum, Boottii and dumetorum, and also, as Isuppose dilatatum
proper, ; and (3) remotum. Of dilatatum it is said that it « ex-
tends into W. Asia and E.N. America,)” but if I be correct in
referring Seemann’s no. 1760 and some of Dr. Lyall’s British
Columbia specimens to this variety, its range in North America
is much more extensive. The usually noted differences between
it and spinulosum, as color and shape of scales, color of the
frond, and whether glandulose or otherwise, are all inconsistent;
the outline of the frond I judge to be the only consistent character.
The publishers have doue their part well; the letter-press is
remarkably clear and distinet, and the type well chosen, after the
style first set by Dr. Gray. The paper, though good, is too soft
to bear ink, and the fifty pages of advertisements are rather too
heavy an imposition.

SaroNacEOUs Prants.—Many plants in different countrics
furnish useful substitutes for soap to the natives, where there are
no couveniences or materials for manufacturing the ordinary soap
of commerce. Prominent among these are the soapworts, tropical
plants belonging to the genus Sapindus. The Hindoos wuse the
pulp of the fruit of Sapindus detergens for washing linen.
Several of the species are used for the same purpose instead of
soap, owing to the presence of the vegetable principle called sapo-
nine. The root and bark also of some speeies are said to he
saponaccous. The capsule of Sopindus emarginatus has a deter-
gent quality when braised, forming suds if agitated in hot water.
The natives of India use this as a soap for washing the hair,
silk, &e. The berries of Sapindus laurifolivs, avother Indian
species, are also saponaceous. The name of the genus is merely
altered from Sapo-indicus, Indian soap, the aril which surrounds
the seed of S. Saponaria being used as soap in South America.
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According to Browne, the seed-vessels are very acrid ; they lather
freely in water, and will cleanse more linen than thirty times their
weight of soap, but in time they corrode or burn the linen.
This assertion, however, requires confirmation. ITumboldt tells
us that proceeding along the river Carenicuar, in the Guif of
Cariaco, he saw the native Indian women washing their linen
with the fruit of this tree, there called the Pura para. Sapon-
accous berries are also used in Java, for washing. The fresh
bark of the root Monnine polystachin called  Yalhoi,” pounded
and moulded into balls, is used by the Peravians in place of soap.
Suponine exists in many other seceds and roots—in the legumes
of Acacie concinna, in which a etonsiderable trade is carried
on in some parts of India, and in the root of Vuccaria vulgaris,
Agrostemma Githago and Anagallis arvensis. It also occuwrs in
various species of Dianthusiand Lychnis, and in the bark of
Silene inflata.  Gypsopyile struthium is used by the Spaniards
for scouring instead of soap. The bruised leaves of Suponaria
officinalis, a native of England, forms a lather which mueh re-
sembles that of soap, and is similarly efficacious in removing
grease spots.  The bark of Quillaia saponaric of Central
America answers the same purpose, and is used as a detergent by
wool dyers. It has been even imported largely into Irance,
Belgium, &e., and sold in the shops as a cheap substitute for soap.
The fruit of the Bromelia Pinguin has also been found useful asa
soap substitute. A vegetable soap was prepared some years ago
in Jamaiea from the leaves of the American aloe (Agave Ameri-
cana), which was found as detergent as Castile soap for washing
linen, and had the superior quality of mixing and forming a lather
with salt water as well asfresh.  Dr. Robinson, the naturalist, thus
describes the process he adopted in’ 1767, and for which he was
awarded a grant by the House of Assembly of Jamaica:—¢ The
lower leaves of the Curaca or Coratoe (Agave Laratu) were
pressed between heavy rollers to express the juice, which, after
being strained through a hair cloth, was merely ingpissated by the
action of the sun, or a slow fire, and cast into balls or cakes. The
only precaution deemed necessary was to prevent the mixture of
any unctuous materials, which destroyed the efficacy of the soap.
Another vegetable soap, which has been found excellent for wash-
ing silk, &e. may be thus obtained :—To one part of che Ackee,
add one and a-half parts of the before-named Agave Laraty, ma-
cerated in one part of boiling water for twenty four hours, and
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with the extract from this decoction mix four per cent, of rosin.”
In Peru, the leaves of the Maguey agaze ave used instead of soap ;
the clothes are wetted, and then beaten with a leaf which has been
crushed ; a thick white froth is produced, and after rinsing the
clothes are quite elean. The pulpy matter contained in the hard
kernel of a tree called locally ¢ Del Joboneillo’ is also used there for
the same purpose.  On being mixed with water it produces a white
froth. Tn Brazil, soap is made from the ashes of the bassena or
broom plant (Sida lanceolut), which abounds with alkali. There
are also some barks and pods of native plants used for soaps in
China. The soap-plant of California, Phulangivm pomeridianum,
is stated by Mr. Edwin Bryant to be exceedingly useful. The
bulbous root, which is the saponaceons portion, resembles the
onion, but possesses the quality of cleansing linen equal to any
olive soap manufactured. From a paper read before the Boston
Society of Natural IHistory, it appears that this soap-plant grows
all over California. The leaves make their appearance about the
middle of November, or about six weeks after the rainy season
has fairly set in; the plants never grow more than a foot high,
and the leaves and stalk drop entirely off in May, though the
bulbs remain in the ground all the summer without decaying.
Itis used to wash with, in all parts of the country, and, by those
who know its virtues, it is preferred to the best of soap. The
method of using it is merely to strip off the husk, dip the clothes
into the water, and rub the bulb on them. It makes a thick
lather, and smells not unlike brown soap. At St. Nicholas, one
of the Cape Verde Islands, they make a scap from the oil of the
Jatropha curcas seeds, and the ashes of the papaw tree leaf. The
oil and ashes are mixed in an iron pot heated over a fire, and
stirred untit properly blended. When cool it is rolled up into
balls about the size of a six pound shot, looking much like our
mottled soap, and producing a very good lather.—2P. L. 8. in
the Journal of Applied Science.

Trz " ZrUres AND HuddnNg BIrps oF TROPICAL AMERICA.
—A¢t the recent meeting of the American Association for the
Advancement of Science, held at Troy, N.Y., in August, 1870,
Prof. James Orton reod a paper upon the * Condor and the
Humming Birds of the Equatorial Region.” The following
abstract of the Professor’s paperis taken from the October (1870)
number of the dmerican Naturalist:~—

.
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“ He remarked that probably no bird is so unfortunate in the
hands of the curious and scientific as the Condor. TFifty years
have clapsed sivce the first specimen reached Europe, yet to-day
the cxaggerated stories of its size and strength are repeated in
many of our test books, and the very latest ornithological work
leaves us in doubt as to its relation to the other vultures. No
one credits the assertion of the old geographer, Marco Paulo, that
the Condor can lift an clephant from the ground high cnough to
kill it by the fall; nor the story of the traveller, so late as 1830,
who declared that a Condor of moderate size, just killed, was
lying before him, a single quill feather of which was twenty paces
long. Yet the statement continues to be published that the
ordinary expanse of a full grown Condor, is from fiftcen to
twenty feet, whereas it is very doubtful if it ever exceeds or even
equals twelve feet. I have a full grown male from the most
celebrated locality in the Andes, and the stretch of its wings is
pine feet. Fumboldt never found one to measure over nine feet;
and the largest specimen which Darwin saw, was eight and one
half feet from tip to tip. An old male in the Zoological Gardens
of Lond: 1, measures eleven feet. It is not yet settled that this
greatest of unclean birds is geoerically distinct from the other
great vultures. My own observation of the structure and habits
of the Condor, incline me to think it should stand alone. Asso-
ciated with the great Condor is a smaller vulture, having brown
or ash-colored plumage instead of black and white, a beak wholly
black instead of black at the base and white at the tip, and no
caruncle. In inhabits the high altitudes, and is rather common.
This was formerly thought to be a distinct species; but lately
ornithologists have with one accord pronounced it the young of
the Sarcoramphus gryphus—a conclusion which the speaker did
0ot seem wholly to endorse.

As to the royal Condor, Professor Orton offered the following
observations, either new or corroborative: Its usual habitation is
between the altitudes of ten thousand and sixtcen thousand feet.
The largest scem to make their home around the voleano of
Cayambi, which stands cxactly on the Kquator. In the rainy
season they frequently descend to the coast, where they may be
seen roosting on trees; on the mountaivs they rxarely perch, but
stand on the rocks. They arec most commonly secen around
vertical eliffs, perhaps because their nests are there, and also

‘ because cattle are likely to fall there. Flocks are never scen
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except around alarge carcass. It is often scen singly, soaring at
a great height in vast civeles. Its flight is slow. It never flaps
its wings in the air, but its head is always in motion as if in
search of food below. Its mouth is kept open and its tail spread.
To rise from the ground it must needs run for some distance;
then it flaps its wingg three times and soars away. A narrow pen
is therefore sufficient to imprison it. In walking the wings trail
on the ground and the head takes a crouching position. Though
a carrion bird it breathes the purest air, spends much of its time
soaring three miles above the sea. Humboldt saw one fly over
Chimborazo. I have scen them sailing at one thousand feet above
the crater of Pichincha. Its gormandizing power has hardly been
overstated. I have known a single Condor, not of the largest size,
to make away in one week with a calf, a sheep, and a dog. Tt
prefers carrion, but will sometimes attack live sheep, deer, dogs,
ete. The eyes and tongue of a carcass are the favorite parts and
first devoured ; next the intestines. 1 never heard an authen-
ticated case of its carrying off children, nor of it attacking adults,
escept in defence of its cegs.  In captivity it will eat everything
cxcept pork and fried or boiled meat. When full fed it is
exceedingly stupid, and can be caught by the hand; but at other
times it is 2 match for the stoutest man. It passes the greater
part of the day sleeping, scarching for prey in the morning and
evening. It is seldom shot (though it is not invulnerable asonce
thought), but is generally caught in traps. The only noisc it
makes, is a hiss like that of a goose—the usual tracheal muscle
being absent. It lays two white cggs on an inaccessible ledge. It
makes no nest proper, but places a few sticks around the cggs.
By no amount of bribery could I tempt an Indian to search for
Condor's eggs, and Mr. Smith, who had hunted nearly twelve
years in the Quito Valley, was never able to get sight of one.
Incubation oceupics about seven wecks, ending in April or May
(in Patagonia much carlier, or about February.) The youngare
searcely covered with dirty white down, and are not able to fly
until nearly two years oid. D’Orbiguy says they take the wing
in about a month and a half after being hatched, a manifest error,
for they ave then as downy as goslings.  Itis five months moult-
ing, and while at that stage whea its wings are useless, it is fed
by its companion. As may be inferred the moulting time is not
upiform. Though it has neither the smelling powers of the dog
(as proved by Darwir), nor the bright eyes of the cagle, somehow
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it distingnishes a carcass afar off. He deseribed in full the
appearance of the Condor, remarking that the female is smaller
than the male, an unysual circuwstance in this order, the
feminine eagles and hawks being larger than their mates.
Professor Orton next spoke of the Humming Bivd, of the habits
and cconomy of which our knowledge is very meagre. The
relationship between the genera is not clear, and one sgecies is no
more typieal than another. The only well marked divisions we
can discover, are those adopted by Gould and Gray, the Phee-
thornithinee and Polytmine. The former are dull colored and
frequent the dense forests. They are more numerous on the
Amazon than the other group ; and I know of no specimen from
the Quito Valley, or from an altitude above ten thousand fect.
Their nest are long, covercd with lichens, lined with ¢ilk and hung
over water courses. The latter compriscs the vast majority of
the Ilumming Birds, or ‘nearly nine-tenths. They delight in
sunshine, and the males generally are remarkable for their brilliant
plumage. Their head-cquarters seem to be near New Granada;
some species are confined to particular voleanoes, or an area of a
few miles square.  Of the four hundred and thirty known species
of ITumming Birds, thirty-five are found in and around the valley
of Quito, thirty-two on the Pacific slope, and scventeen on the
Qriental side of the Andes, making a total of eighty-four, or
about one-fifth of the family within the Republic of Ecuador. If
the wanton destruction of Humming Birds for mere decorative
purposes, continues for the next decade, as it has during the last,
several genera may become utterly extinet.  This isevident when
we consider that many a genus is represented by a single specics,
which species has a very circumscribed habitat, and multiplies
slowly, producing but two cggs in a year. IIe noticed one fuct in re-
gard to the nests of Tumming Birds, which he could not esplain.
Our northern hummer glues lichens all over the outside; so do a
number of species in Brazil, Guiana, ete. But in the valley of
Quito moss invariably is used, theugh lichens abound. A similar
variation is scen in the nests of the chimuney swallow—our speeies
building of twigs glued together with saliva, while its Quito
representative builds of mud and moss.  The time of incubation
at Quito is twelve days, and there is but one brood in a year.”
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MISCELLANEOQUS.

O~ tne COMPARATIVE STEADINESS OF THE ROSS AND THE
JacksoN MICROSCOPE-STANDS.—In most of the older Miero-
scopes the Body was a fixture, and the focal adjustment was
obtained by giving motion to the Stage. This plan, however,
was very soon abandoned when the improvement of the Micro-
scope, in its mechanical as well as its Optical arrangements, was
seriously taken in hand by men of real constructive ability;
and the Stage being made a fisture, two different modes were
adopted for supporting and giving motion to the Body, of onc or
the other of which nearly all the different patterns devised by
our now numerous makers may be regarded as modifications.
The one in which the Body is attached at its base ounly to
a transverse Arm, borne on the summit of a racked stem, I
have clsewhere tern.ed the Ross model ; not because Mr. Ross
could in any sense be considered its inventor, but merely beeause
he was among the first to employ it, and his original patterns
are now in general use, with extremely little modification. The
other, in which the Body, having the rack attached to it, is
supported for a great part of its length on a solid Limb, to the
lower part of which the Stage is fixed, may with more propriety
be distinguished as the Juckson ¥ model ; sinee it was originally
devised by Mr. Jackson, and was thenceforth almost uniformly
adopted by the Firm which may be considered as the represen-
tative of his ideas. .

It has always appeared to me that the Jackson model is so
obviously preferable mechanically, that if' it had been introduced
before the Ross model had come into use, it would have been the
one more generally adopted ; and having lately had an oppor-
tunity of comparing the performance of iwo instruments, onc
constructed on the Ross and the other op the Jackson model,
under peculiarly trying circumstauces, and having found my
previous opinion most fully confirmed, T have thought it well to
bring my experience in this matter before those whom it wost
especially concerns, namely, Microscope-makers and practieal

* In the Jast edition of my ‘ Microscope* I inadvertontly designated
thisas the Lister model, having supposed it to have been devised by
A, J. J. Lister. .

Vor. V. Y No. 3.
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Microscopists. In order thab the bearing of that cxperience
may be rightly understood, it will be desirable in the first instance
to esamine the conditions on which ¢remor of the Microscopie
image depends.

When the building in which the Mieroscopist is at work is
thrown into vibration as a whole, as by the passage of a heavily-
laden eart in the street outside,—or the floor of the room in
which e is scated is made to vibrate by the tread of a person
crossing it,—the Microscope and the observer move together; and
if the frame of the Microscope were peyfectly rigid, there would
be no tremor of the image. For this tremor is the result, not of
the vibration of the Microscope as a whole, but cither (1) of the
difference between the vibration of the Body as a whole and that
of the object on the Stage; or (2) of the difference between the
vibration of the two extreinities of the Body, the ocular and the
objeetive.

Now it scarcely seems to me possible to conceive a method of
construction which should be more favourable to this differential
vibration, especially at the ocular end of the Body, than that
which is adopted in the Ross model. The long tubular body,
fixed only ab its base, is peculiarly subject to it; and although
the oblique stays with which it is sometimes furnished diminish
the vibrations of the tube, they by no means prevent it. The
transverse arm and the stem which bears it, each have a vibration
of their own; and it is obvious that the nearer to the fixed point
of the whole system~—which, in this arrangement, is the part of
the racked Stem embraced by the tube that carries the Stage—-
flesure takes place, the greater will be the vibration of the Eye-
picce, which is at the greatest distance from that fised point.
The only mode in which this vibration can be kept in check, is
the giving great solidity to the Stem, the Arm, and the Body,
especially the two former; and this, while objectionable on
account of the cumbrousness which it imparts to the Micros-
cope-stand, is by no means cffectual for its purpose; as every
Microscopist knows to his cost, when using very high powers
under any condition but that of the most perfect stillness of the
support.

Onthe other hand, in the Jackson model, the support of the
Body along a great part of its length reduces to a minimum the
vibration of the tube, and the consequent differential vibration of
the ¢ye-picee; and cven in those modifications of it in which the
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tube has but a short bearing, as the support is given to it in the
middle of its length, instead of at its lower extremity ; the vibra-
tion equally affects its ocular and its objective extremities. The
form of the Limb makes the Body much less liable to vibration
as a whole, than when supported on the transverse Arm and
vertical Stem of the Ross model; and as there is no fixed poict
from which vibration can commence, inereasing in extent with
the distance from that point, the Body and Stage are much more
likely to move together, such motion imparting no tremor to the
image.

In the “ Porcupine ” Bxpedition for the Exploration of the
Deep Sea, in which I took part last summer, mieroscopic inquiry
had to be carried on under conditions very different from those
which obtain on shore. When our ship was lying-to under sail,
even if the swell was suflicient to produce considerable pitching
and rolling, the motion, being imparted equally to the Microscope
as a whole and to the Observer, did not produce any tremor of
the image; and the only difficulty lay in the maintenance of the
observer’s own position, which was most effectually sceured by
firmly grasping the leg of the table (wbich was fixed to the floor
of the cabin) between his knees, When the ship was going
under ¢ casy steam,” with either a fair wind or 2 light contrary
breeze, there was cnough general vibration to produce a con-
siderable differential vibration in any Microscope liable to it, and
thus to occasion a decided tremor in the image ever when only
moderate powers were employed. But when we were steaming
with full power against a head-sea, the general vibration hecame
so greab as to be the severest test of the mechanical arrangements
of our Microscopes. Now, it happened that whilst my own
instrument—a portable Binocular Microscope weighing less than
seven, pounds, which is my usual travelling companion—is con-
structed on the Jackson model, Professor Wyville Thomson was
provided with an iostrument of about the same scale, but
heavier by some pounds, made upon the Ross model; and we
thus had an opportunity of fairly testing the two plans of con-
struction under circumstances peculiarly critical. The “differ-
ence in their performance was even more remarkable than I had
anticipated. I found that I could use a 1-4th-inch objective on
my own Microseope, with an even greater freedom from tremor
in the image than I could use a 2-3rds-inch objective on Pro-
fessor Wyville Thomson’s. o fact the image “danced” very
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peréeptibly in the latter, even when the 13-inch objective was in
use. .

Now I purposely abstain (for obvious reasons) from naming
the Makers of these two instruments. DBut I think it well to say
this mueh, in order to mect the possible objection, that the differ-
ence lay rather in the workmanship of the two instruments than
in their plan of construction,—that the advantage, if' any, lay on
the side of the Ross model. And my own very decided convie-
tion is, that the adoption of the principles of the Jackson model
would be decidedly advantagceous, alike for first-class Microscopes,
in which the steadiness of the image when the highest powers are
being employed ought to be a primary consideration,—for those
second-class instruments, which are intended, at a less cost, to do
as mueh of the work of the first-class as they can be made to
perform, portability being hére of cssential importance,—and for
those third-class instruments in which everything hasto be reduced
to its simplest form, so as to permit the greatest reduction in their
cost. — Dir. W. B. Curpenter, in Transactions of the Ruyal
Microscopic Soclety.

— Mr. J. Gwyn Jeffreys, who had just retwrned from the
south of Burope, after having accomplished his part of this year's
deep-sca esploring expedition in IL.M.S. Purcupine, stated that
in this cruise he had dredged across the Buy of Biscay, and along
the coasts of Spain and Portugal to Gibraltar. The weather had
not been favourable; but the depth reached was 1,095 fathoms.
A larze enllection of Mollusea, Echinoderms, Corals, Sponges, and
Iydrozoa, had been made. Ialf a-dozen specimens of a beautiful
new Lentacrinus (I wyville-thomsoni) had been taken in 795
fathoms depth, between Vigo and Lisbon. Both Northern and
Mediterranean species of shells were met with.

— Congress has granted $30,000 for the ercction of a Govern~
ment Winter Garden, either at New York or Washington, some-
what similar to that at Kew, but on a smaller scale. This will
partake partly of the nature of an cconomic garden, in which
useful plants can be raised and then disseminated far and wide
throughout the States.

Publiched, April 10, 1871.



