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NATURE'S . BYEPATH S

e

EHAPTER. L

SUBTERRANEAN MOUNTAINS.

¥~ o OSSIBLY no social crises
M.V have been without national
importance, The general
series of strikes for higher
wages, and the reckless
manner with which the coal-
miners refused to work ex-
cept their arbitrarydemands
were complied with, coupled
with the high price to which
coals have risen in the
market haveset mena-think-
ing about the possibility
of adding to the coal sup-

= ply. The geology of Great
Britain is pretty well known, and everywhere mining
engineers and landed proprietors have been asking
N B
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whether the existing coal-fields may not be profitably
worked under strata of a later age ; and whether, here
and there, a continuation of the area of certain coal-
fields may not be discovered so as to make coal-mining
profitable in new localities, Among other places, Nor-
folk has been suggested, and even our most eminent
geologists—those who know most about such matters,
as Messrs. Prestwich and Godwin-Austen — listen
favourably to the suggestion. The Directors of the
Great Eastern Railway are alive to the theoretical ad-
vantages, and some time ago invited eminent geologists
to confer with them as to the desirability of some time
commencing experimental borings somewhere in Nor-
folk or Suffolk. In West Lancashire, Leicestershire,
and near Lincoln, it has been mooted to start similar
experimental borings, so that in a short time we may
hope to be in possession of some valuable national
information on this most important question. Sussex
has been distinguished by the Sub-Wealden enterprise,
and the odds are, we shall have one commenced in the
Eastern Counties ere long.

Let us briefly endeavour to give the reasons for
the welcome conjecture that in Norfolk or Suffolk we
may have available coal measures lying at no great
depth under us. The localities mentioned in the
“shires” all lie more or less in the great area which
has generally been regarded as coal-producing, and
therefore it does not seem such a matter for surprise
that the margins of the already-worked coal-fields
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should be extended on every side. What is far more
surprisingand unexpected is that faraway to the south-
east and east of England it should be deemed possible
that the coal strata lie beneath those of the chalk!

It cannot be denied that the subject is one of con-
siderable difficulty to people who don’t pretend to
know anything about geology. But that science is
now exercising such an important influence upon
modern thought that it can no longer be withheld
from a liberal education. To fully understand every-
thing about how the coal strata lie in the crust of the
earth, we are required to be acquainted with the suc-
cession and distribution of rock-masses ; and also with
the physical geography of the ancient seas along
whose bottoms these rocks were originally formed, as
well as with the disturbances which have taken place
since then. But even with all these scientific diffi-
culties bristling round the subject, and rendering it
anything but readable to such as have never attempted
anything more than novels, we do not think it im-
possible to bring it before the attention of a non-
scientific public so that the latter will care to read
about it, if only for the sake of its probably influential
value. Among the many wonders which .gei:}lng}r has
placed before the public, none is more striking than
the immense periods of time during which our earth
has been in existence. Accumulations of ancient
vegetation have been covered up with other deposits,
and quietly stored away as coal. Creation after
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creation of animals and plants has passed away, and
their remains packed up in the rocks of the earth’s
crust. The dry land of every geological epoch has
been mapped with mountain-chains, plains, lakes, and
rivers, just as the surface of the earth is now. For
ages these various mountains were exposed to similar
atmospherical wear and tear, the materials thus
stripped off being carried away by rivers, etc,, to the
sea, to form deposits of a later date. There is no
reason to suppose that this wear and tear was much
more rapid than we see it going on around us, but
it extended over such a long period of time that
sedimentary rocks were formed, even before man’s
appearance on the earth, that had reached a total
thickness of over 19 miles! Volcanic outbursts and
upheavals compensated for this wear and tear, and
thus the relative conditions of land and water were
always maintained, although their areas changed with
the different epochs.

It will be seen that the physical geography of any
of the past geological periods cannot be guessed at
merely from the present surface arrangement—that
is to say, the mountains and plains, the seas and
rivers, which distinguish our globe now, bear little or
no reference to those of former periods. Let us sup-
pose that the entire area of Great Britain was slowly
sinking (as we know the northern parts of Europe to
be at the present time), and that this sinking were to
be continued say for millions of years! What would
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be the result? That as the land sank the sea would
gain, first on the lowest parts, would extend farther
and farther, until when the depression had reached
its climax the highest hills would be covered. The
marine muds and sands would first be strewn over
the plains, and the formations would gradually
increase in thickness, until eventually they would
bury and cover up the very mountain peaks! If
Snowdon or Ben Nevis or such a range of hills as
the Pennine Chain were to be thus gradually entombed
beneath a layer of rock to the depth of a thousand
feet by such a great mud-sheet, then a huge plain
would be the effect of the last great geological opera-
tion, and when this was uplifted from the sea-bottom,
where it was formed, and inhabited by man, few people
would dream of the mountain-chains that were buried
beneath it. We are here only boldly sketching what
the geologist can prove has repeatedly taken place.
But suppose that the ancient rocks of such a buried
Snowdon or Pennine Chain were coal strata. Then it
would be evident, if we wanted to find coal beneath
the newly-formed plain, that our plan would be to
hit upon the place where these mountains are only
a thousand feet below. For if we went farther away
we should come over where the original plains lay
below, at a depth of thousands of feet more, so that
even if they were formed of coal rocks the great
depth would utterly preclude coal-mining. It may
seem strange to apply this supposition, but it can be
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proved that such a chain of buried mountains does
extend beneath the eastern and south-eastern counties
of England. This ancient ridge appears to slope off
gradually north and south, so that, farther away from
a given point, strata overlying it grow thicker. Of
the rocks comprising this buried mountain-chain,
those containing coal form only a part. We know,
further, that these ancient mountains must have long
been exposed to meteorological wear and tear, so that
thick strata have been denuded and stripped off.

Let us briefly sketch the brilliant generalisation—
it can be called by no other name—which led to the
belief that a ridge of ancient rocks thus stretched
across the eastern and south-eastern counties long
before any facts concerning it were known. More
than twenty years ago Mr. Godwin-Austen read a
paper before the Geological Society of London on
the subject, and as he stands in the first rank of those
geologists who have studied the physical geography
of the ancient seas, and, therefore, of the distribution
of their sedimentary deposits or 7ocks, his views were
listened to with the respect they deserved. In that
paper Mr. Austen showed that the coal-fields of
Bristol and South Wales, on the west, and of Northern
France, in the east, were merely “ outcrops ” (or places
where the coal strata came to the surface), of one con-
tinued area. Both these widely separated coal-fields
have the same “strike” or run of their rocks. It is
evident, therefore, that the Somersetshire range of
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hills, and that of the Ardennes, in Belgium, are con-
tinuations ; and the deduction is that this continuity
is only broken as far as surface appearance s concerned,
and that, beneath subsequently formed strata which
have covered these hills up in the manner we have
asked our readers to suppose it is still maintained.
In fact, a great depression has bellied down an exten-
sive part of this ancient ridge, and it is in the hollow
that the later rocks rest.

A few years after Mr. Godwin-Austen’s theory
was put forth it obtained verification in a remarkable
manner. A deep well had to be bored in Kentish
Town, in London, over where, if the theory were true,
the ancient ridge lay below. The borers passed
through the Tertiary strata, as well as through the
various subdivisions of the chalk, and then, at a
depth of about 1300 feet, they came upon some
queer-looking primary or ancient rocks. In fact,
they had hit upon a part of the mountain-chain
buried below! No fossils were obtained, and this
was an unfortunate circumstance, as geologists are
as well able to tell the age and position of a rock by
its fossils, as a gardener is to tell a tree by its fruit.
But, as far as appearance and mineralogical structure
went, the best authorities were of the belief that the
ancient rocks thus reached belonged to the geological
formation known as the Devonian. Now, this forma-
tion lies below the true coal-bearing rocks, so that in this
particular spot the latter had either been stripped off
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or had never been deposited there. The former idea
is believed to be the correct one. Professor Prest-
wich had been of the same opinion as Mr. Austen
respecting the extent of the ancient and buried-up
ridge, and both these gentlemen gave their full
reasons for holding it before the Royal Coal Com-
mission, where our readers who are curious may find
their complete evidence printed in 1871.

Not long after the boring at Kentish Town had
taken place, the Harwich Corporation commenced
their waterworks, and several wells were bored to
furnish the necessary water supply. The deepest
went to 1070 feet, and here, at a depth of nearly 200
feet Jess than in London, the old ridge was again
reached. This time, however, the Carboniferous or
“coal-bearing” rocks were touched, and fossils ob-
tained which are peculiar to that formation, so that
the age and relative position of the ridge were at
once known. But the part of the coal rocks thus
reached was the lwest—that immediately resting on
the sloping Devonian rocks, which we have seen under-
lie the metropolis. The part of the coal formation
where the coal seams occur is the upper, consequently,
if the latter rocks incline on the Harwich beds as those
do on the metropolitan, we should have to go a little
farther nort/ to find them, and this would bring us
to the borders of Norfolk and Suffolk.

To prove that the ancient coal vegetation extended
over the Norfolk and Suffolk area, we have only to
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notice the fact that coal is worked much farther to
the south, near Calais, in France, where it is pro-
fitably wrought at a depth of 1500 feet. There the
true coal-bearing rocks lie just underneath the chalk,
the secondary strata being absent as they are under
Harwich and London. The great axis of rocks, chiefly
Silurian, Devonian,and Carboniferous, which constitute
the Ardennes chain, in Belgium, dips westwards
under the chalk of Northern France, and has been
traced underground nearly as far as Calais. Nearer
Boulogne these rocks are close to the surface, and
they crop up in the Boulonnais from beneath the
chalk. There can be no doubt that the ancient
mountain-chain of which the Mendips still stand
above at the western end, and the Ardennes at the
eastern, like all mountain-chains, did not run in a
straight direction, but was a curving line. Hence
there is a difficulty to know how the line runs beneath
us. Only repeated experiments can give us the
necessary information, and a rich nation like England
ought to conduct some borings in the interest of
coming generations, Another thing which has to be
considered in enquiring whether coal actually lies
under the Eastern Counties is, whether the original
rocks in which the coal-seams are imbedded have
been denuded away before the later formed rocks
were deposited. There is reason for supposing they
have in some places, but not in all. Supposing the
old ridge to extend at an available depth, and seeing
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the probability of the upper coal measures succeeding
the lower as the latter must succeed the Devonian, then,
at no great distance north of Harwich, they will
most probably be met with. For many technical
reasons Hunstanton has been suggested as a likely
place for a trial boring—chiefly because the lowest
part of the secondary rocks crop up there, and Pro-
fessor Hull has shown that these thin out so rapidly
to the south that the Oolite and New Red Sandstone
formations are not likely to occur beneath London.
Subsequent deep borings in and near the metropolis
have proved the sagacity of Professor Hull's hypo-
thesis. From the pebbles enclosed in the strata
about Hunstanton, geologists know that when they
were deposited some part of the ancient ridge of
rocks stood above water, for the latter were actually
broken up, and these fragments have entered into
the composition of those now occupying the surface.
The composition of the Lower Greensand in Cam-
bridgeshire, Bedfordshire, Buckinghamshire, and else-
where, shows, by its large angular grains of quartzite,
that this deposit must have been formed in shoal
water ; and the abundant pebbles of old rocks, grains
of quartzite, and even of coa/, plainly indicate the
neighbourhood of land composed of Pal®ozoic rocks.
The number of Qolitic and other extraneous fossils,
mixed up in the Cambridgeshire and Bedfordshire
Greensand beds, with the fossils belonging to that
formation, also indicates that the older secondary



SUBTERRANEAN MOUNTAINS. 11

formation must have been very much denuded and
otherwise broken up (as well as the Primary rocks),
or we should not have such a strange medley of
organic remains as we find in the Greensand phos-
phatic nodules.

On the other hand, it would appear certain that
sout of the ridge of underground mountains, the
Oolitic and associated rocks are actually thicker than
elsewhere in England. This was proved by the
famous Sub-Wealden boring—an enterprise which was
at once a glory and a disgrace to the British nation.
It was a splendid scientific experiment to originate
and carry on; it is a deeply lamented fact that in a
wealthy country like England it had to come to an
end just when every additional foot sunk deeper in
the boring was getting of greater importance.

Whilst the boring was still in progress we had the
opportunity of visiting the locality in Sussex where
the “Sub-Wealden Exploration,” as it 'was called, was
made. St. Leonards was reached by rail, and we
proceeded thence, by way of the famous town of
Battle, to Netherfield. ~For miles after leaving
Hastings, the road runs over hill and dale in nearly
a straight line, thus indicating its possible Roman
origin. The Norman invaders must have proceeded
by this very road. Reaching Battle, we noticed
how the physical character of the scenery suddenly
changes close to the town, and we are told that this
is due to an enormous “fault” or dislocation of the
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solid rocks beneath, which has brought up the lower
beds to the surface. It is certain that this has oper-
ated upon English history, for it was chiefly by taking
advantage of the position thus brought about that
the Conqueror defeated the Saxons under Harold,
and established a Norman dynasty in England. As
we passed along these straight roads, with their high
hedge-banks, we could not but think of that import-
ant event which occurred hereabouts eight centuries
ago, and wonder what the England of the nineteenth
century would have been, had the Norman invasion
never taken place! The many bright flowers of an
English summer were competing for the mastery of
the luxuriant hedge-banks. Gnarled old oaks, chiefly
dwarfed by the sea-breezes, lined the road-side, and
occupied the same places they possibly held when
the Norman troops marched past. But our eyes
caught glimpses of a period infinitely older than that
of the Normans, for the flag-stones which pave the
sides of the road are each distinctly impressed with
ripple-marks ! They come from the formation known
as the “ Hastings Sands,” one of the upper beds of the
great Wealden deposit which underlies the whole of
this part of Sussex. The Wealden was a secondary
formation elaborated at the mouth of an enormous
river as a delta, where the materials brought down
accumulated until they reached a thickness of two
thousand feet. Since then, these sedimentary beds
have been converted into rock, but, as in the case of
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these ripple-marked sandstone flags, they still retain
many traces of the physical and vital conditions that
were in force at that distant epoch. In these deposits
you obtain the remains of the great fossil reptiles,
Tguanodon, Megalosaurus, etc., huge monsters thirty
feet or more in length. We get fossil relics of palm-
trees and tree-ferns which then clothed the dry land,
and, as we approached Netherfield, we came to lime-
stone beds composed entirely of the remains of fresh-
water shells. A wonderful country is this, and one
cannot wonder it should be so fertile, seeing that its
subsoils are the remains of an old river delta, just as
the fertile land of Egypt owes its riches to a similar
physical cause.

We passed through the quiet old town of Battle,
which seems as if the onward tide of progress had
left it high and dry. From Battle we passed Norman-
hurst, and other villages whose termination of Jurst
shows that they were founded in an ancient forest.
The scenery is most magnificent. The country is one
grand undulating, forest-clad area, and as such has
very little altered its character since the days of the
Saxons. Indeed, one cannot doubt that the sur-
prised and affrighted remnants of Harold’s army
must have sought shelter amid these very coverts
from the dreaded pursuit of their Norman foes! In
our rapidly changed country, it is quite refreshing to
come across spots so rich in incident, and so thoroughly
unchanged since those incidents took place. At
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length we came to a denser part of the wood, away
from the main road, and found our way down a toler-
ably steep declivity, covered with brushwood and
loose fragments of limestone. The brook, which is
still cutting its way through these beds, may be
heard and seen below ; and there we get a good sec-
tion of the beds, and as many of such fossil fresh-
water shells as we like, for these limestone layers are
literally composed of nothing else. Just before we
reached the stream, a little wooden shanty and the
three wooden legs of a crane met our eyes. A port-
able engine was puffing out balls of steam and smoke,
and the otherwise unbroken silence of this old English
forest scene was disturbed. It would not have been
difficult for us to imagine we were in Australia, and
that this was some exploring party in search of gold.
Here, however, was being carried on an underground
exploration, suggested by the profoundest scientific
sagacity, to which the keen attention of every
geologist in Great Britain was directed.

We all know the result of this boring before it
was stopped for want of funds. The upper Oolitic
beds were found to be of extraordinary thickness,
and practically all the money raised for carrying on
the exploration was spent in boring through this one
formation. But even the unsuccessful result of the
Sub-Wealden Exploration has not been without its
scientific value in tracking out the strike of the sub-
terranean mountain-chain. We now know that the
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experiment was carried on %o far to the south of
London. And this conclusion is strengthened by
more recent discoveries, the result of several deep-well
borings in and near the Metropolis which, had they
been known at an earlier period, would probably have
had the effect of commencing the experiment else-
where than in Sussex, and very probably in the north
of Essex or the south of Suffolk.

Let us glance briefly at the nature of these
metropolitan well-borings. We have already seen the
effect which the deep borings at Kentish Town and
Harwich had upon the idea that a ridge of Palaozoic
rocks extended beneath the south-eastern counties.
The well—and other borings at Burford (in Oxford-
shire), Ware in Hertfordshire, Turnford, and at
Meux’s Brewery in Tottenham Court Road, London,
have furnished the most complete confirmatory evi-
dence of the trend of the subterranean mountain-range,
and have also furnished us with specimens of its rocks
and their fossils. At Burford, coal was actually
reached beneath the overlapping of Oolitic rocks,
and the nature of the fossil plants, etc, indicates
that this is an underground extension of the Bristol
and Forest of Dean coal-field. Burford is thirty-five
miles eas? of either, and thus we have actually proved
the Somersetshire coal-field to be running in an
easterly direction, whilst similar borings beneath the
secondary rocks of Northern France have proved that
the Ardennes coal strata extend underground as far
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as Calais. The trial-boring for these buried-up strata
will have to be made, in the future, somewhere along
the line connecting Burford with Calais, which line will
be more or less mapped out for speculative geologists
by the recent well-borings in and about London,
Between Ware and Burford is a distance of about
eighty miles. It would be a most valuable experiment
to institute a trial-boring somewhere between these
two points. The depth to which the shaft was sunk
at Ware before the buried-up Palzozoic rocks were
reached was only eight hundred feet. Here the
Upper Silurian strata were struck, and the boring
tool brought up cores which showed the very angle
at which the rocks were dipping, although, owing to
the tool having to be turned round, it was not possible
to tell the dérection of the dip. Mr. Etheridge, of the
Geological Survey, has published a list of thirty-three
species of well-known Silurian fossils which were
imbedded in the cores. At Turnford, at the depth
of nine hundred and eighty feet, Devonian rocks were
reached. At Loughton, pal®ozoic strata were struck
at one thousand and ninety-two feet from the surface ;
and at Meux’s deep well-boring, at a depth of eleven
hundred and forty-eight feet, Devonian rocks were
also reached, in which certain characteristic Devonian
fossils were imbedded ; whilst the mineralogical cha-
racter of the strata is said to be wonderfully similar
to the Devonian rocks of the Ardennes, and of other
places in Northern France. The Lower Greensand












20 NATURE’S BYEPATHS.

Maize, tobacco, lucerne, and rye carpet the low-lying
lands with sheets of splendid greenery. The slopes
of the somewhat precipitous hills are clad with little
vineyards, or packed with forests of young trees
intended ultimately to serve for fuel in the absence of
coal. No railways have as yet invaded this pleasant
region, and the aspect of things has not much changed
during the last two hundred years. There are no
large landed proprietors, and no capital therefore has
to be expended in the newest scientific agricultural
improvements. Ploughing is still performed with a
rude wooden implement drawn by a couple of oxen
or cows. The whole country is mapped out into neat
little enclosures. Every peasant is a landowner, and
has a *“stocking” in which his hard-earned savings
are stored away. The people labour from early
morn to dewy eve, for each is working for himself.

A new industry has recently arisen in this part of
France. A few years ago a retired army surgeon,
who had picked up a smattering of geology, found
some queer-looking stones lying on the surface of the
rubbly ground in the department of the Aveyron.
He was curious enough to have them analysed, when
they were discovered to be phosphate of lime, now
called “phosphorite.” Few minerals have been more
largely sought after than this since Liebig suggested
the application of mineral manures to soils, and when
the phosphate of lime deposits in the south of France
were heard of in England, companies and private firms
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could restore all the carbonate of lime which the
rivers have carried away to unknown seas in the
interim, it would go far towards levelling up the
valleys and hollows to the height of the hill-tops.
There are no traces of “drift” deposits hereabouts,
and therefore we have every reason to suppose the
country was dry land at the time when Great Britain
was wrapped in a vast Greenland-like ice-sheet.

In these ancient French gorges are a few traces of
another formation which overlay the limestone in
places, but has since been removed by denuding
agencies. Some of the larger of them are filled up
with a kind of coarse, well-bedded sandstone, resem-
bling many of those formed during the middle Tertiary
epoch. Evidently this once extended over part of the
country, but the wear and tear of atmospherical action
has removed it elsewhere, having planed down the
rocks of the neighbourhood and left nothing of the
sandstone formation but what was preserved in these
sheltered positions. The sides of these ancient gorges
artd caverns are covered with layers of stalagmite,
which has evidently oozed out of the limestone rocks,
just as we may see it now in the well-known and much
visited caves of Matlock and the Peak district. It is
caused by water in which lime is dissolved finding its
way out of the rock along the walls of caves, etc.
Part of the water is absorbed by the air, and thus the
lime which it previously contained is precipitated as
a fine film. In time it upholsters the rugged rock
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they have separated them some distance asunder.
In our limestone districts this process is still going
on, and is visible in every stage. Clearly neither
“pockets” nor “veins” of any mineral could be
formed unless the hollows or fissures had been pre-
viously excavated. Then it becomes the work of the
oozing water to throw down any mineral it may hold
in solution. In this manner a good many well-known
mineral deposits have originated. The extensive
mines of hamatite in the neighbourhood of White-
haven are only stalagmites of iron ore, formed layer
upon layer like the coats of an onion, in ancient
caves of the Carboniferous limestone. The iron ore
in the Whitehaven caves may have had its origin in
the Triassic or Oolitic epoch, when the limestone was
covered with Carboniferous sandstone cnntaining-
nodules of impure iron, which was partially decom-
posed and carried down by the percolating water to
be deposited in the subterranean caverns beneath
until they were partly or entirely filled up. Eventually
this overlying series of rocky strata was stripped off
and the limestone was laid bare, with its iron ores in
many instances cropping out to the daylight. The
malachite deposits in the Ural Mountains and Aus-
tralia are in like manner stalagmitic formations of
carbonate of copper, filling up ancient hollows with
their peculiar banded layers. The surfaces of all
the mineral accumulations which have originated in
this peculiar way are covered with smooth knobs,—







26 NATURE’S BYEPATHS.

bear strong witness to the wear and tear produced by
the extinct vegetation on which these animals fed.
Some of these caves are perfect cemeteries of Miocene
mammalia. Even a non-geologist cannot help seeing
what a wonderful difference there is in the appearance
of these fossil teeth and those of any existing animals.
The naturalist is perfectly bewildered by them, for
he hardly knows to what kind of creature he shall
assign them, on account of their partaking in many
instances of the characters of three or four different
classes of living mammalia. In one of these store-
houses of antediluvian natural history jaws and teeth
could be picked up at the surface. Hitherto these
early Miocene mammals have occurred singly, and a
tooth has been considered a treasure. Guess, there-
fore, one’s astonishment at seeing in the little parlour
of the Mayor of Bach—a small village near Limogne
—more bones and teeth of early Tertiary mammals
than are to be found either in the British Museum or in
that of the Jardin des Plantes at Paris! Some of the
teeth must have belonged to gigantic animals, for
there were canines four inches in length,

It is not uncommon to find the bones of animals
along the floors of caves, or mixed up in what is
called “ cave earth,” and it is now acknowledged that
for the most part both bones and earth have been
conveyed there from the surface by the action of
water. If the reader were to witness the rubbish
carried by the water, especially after a heavy rain,
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in these caves and died there. The commonest
animal whose bones and teeth are thus met with are
those of the Palwotherium. This was a harmless,
herbivorous, tapir-like creature, first described by
Cuvier. Its remains are not only abundant, but in
the finest state of preservation. Associated with it
is a kindred extinct animal whose harmless nature is
indicated by its name of Awnoplotherium. A large
rhinoceros-like creature, called the Acerotherium,
formed a prominent figure among the group ; and by
many geologists it is believed to be the original
hornless ancestor of all the species of rhinoceros.
Whilst referring to the fossil remains so plentiful at
Bach we must not forget those of the Cricetodon.
These were chiefly small jaws, having teeth of an in-
sectivorous character. Associated with them were
teeth and jaws of Cynoictis, a creature related in some
measure to the racoons and weasels. The remains of
the Hyenodon were met with more or less abundantly,
and from the worn character of the crowns of the
teeth the terrible uses to which they had been put
were made evident. The AHyenodon was in all pro-
bability the ancestor of the modern hyzna, and
possibly of other generic types of carnivorous animals
as well, for the singular feature about these ancient
mammalian forms is that they are veritable “missing
links,” and possess distinctive zoological characters
which are now shared among half a dozen generic
types. The peculiar feature about the jaws of the
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for believing that the Deinotheriim was related to
the sea-cows, such as the manatee and dugong, which
now frequent the mouths of large tropical and sub-
tropical rivers. Besides the above, there are numerous
remains of such extinct animals as Xiphodon, Amphi-
cyon, Bats, large Serpents, etc.

It is needless to give a further catalogue of the
strange creatures whose teeth and bones lie com-
mingled in this ancient French burial-ground. The
reader will have seen how unlike they are, not only
to any existing animals, but particularly to the fauna
of the district. We know that the mean temperature
of the climate has altered since that distant period
sixteen degrees at the least. We found no remains
of plants; but the flora of the early Miocene age is
even better known, from what has been discovered
elsewhere, than its animals. Doubtless many of the
bones have decomposed, and thus been removed
altogether. Indeed we found them in every stage of
decomposition ; and perhaps it is only the chemical
change which had replaced, particle for particle, phos-
phate of lime for carbonate of lime, that has helped
to protect and preserve so many. In some caves and
gorges very few traces of animals are met with, and
then only as portions of teeth. These, however, are
of the same kind as those above described. Singu-
15:‘1}? enough, in those caves where the phosphorite
was thickest and richest, the bones and teeth were
fewest:; and where the fossil bone and teeth were







CHAPTER TII.

SUBMARINE FORESTS.

our readers have wandered
along that terra incognita
to Londoners—the Norfolk
coast. The journey is any-
thing but cheerful Near
Yarmouth the shore is skirted
by alow and undulating ridge
of “marram” hills, so called
from the particular species of
grass whose roots partially
bind down and hold together
the otherwise shifting sand-
dunes. Besides this there is
little herbage, and that of the
most meagre description. The landscape is nearly
as bleak as it is possible to suppose one can be.
Here and there maybe, at various distances, squat a
few houses, built principally of drift-wood or old
boats, much after the fashion which Dickens has
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described in David Copperficld. These are chiefly
fishing villages or settlements. The most noticeable
feature about them is the general absence of the male
kind, who are absent on their fishing expeditions, and
whose numerous yawls and trawling-vessels scattered
over the sea hard by relieve the silent monotony of
the landscape. This German Ocean is the piscine
harvest-field of the Metropolis, and generally of
England. It is exceedingly shallow; for there are
parts where hardly twenty feet of water exists.
Dangerous sand-banks dot its surface, whose neigh-
bourhood at high tide can be easily told by long lines
of white breakers. Between them are navigable
channels, the deepest of which is about sixty yards.
This is known on the charts as the “ deep-water chan-
nel,” and its course is more or less parallel to the
coasts of Essex, Suffolk, and Norfolk. Fringing every
spit of sand are shoals of cod, haddock, turbot, plaice,
sole, etc,, all of them greedy to prey upon the mollusca
which there find a suitable habitat. The open sea is
the haunt of the herring and the mackerel, so that the
fishing navy is naturally divided into the two classes
whose business it is to seek ground and surface fish.
The busy scene seawards always provides the specta-
tor with sufficient objects. The vast numbers of trawl
and herring boats, and the fleets of Newcastle colliers,
make it more lively than any other portion of the
British seas. This fact, coupled with its dangerous
character, accounts for the thick cluster of black dots,
D
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which, in each year’s wreck-chart, indicates where
vessels have gone to pieces.

Proceeding northwards from Great Yarmouth,
past Caistor, Somerton, and Winterton, as the pedes-
trian approaches Happisburgh he finds a change
taking place in the coast landscape. The last me-
mento of the sand-dunes is old Eccles Church, buried
in the drifting sands, with the exception of the upper
portion of its round tower, which peeps out like
some antediluvian well stripped of its extraneous
covering, A good example this of the waste of our
Norfolk coasts, which has been going on for ages.
From this spot there commences a long line of bold
cliffs, composed chiefly of a stiff blue clay, capped by
sand and gravel, known to geologists as the “lower
glacial beds” or “drift.” This bold range of cliffs
continues to beyond Cromer, and is never lost sight
of ; alternating in height from thirty to one hundred
and twenty feet. An occasional church with an
unusually high tower, made to do duty in the olden
time as a landmark, and pairs of white lighthouses,
intended to direct navigators through the intricate
labyrinths of the sand-banks, are nearly all the traces
of human presence the spectator can see from the
shore. At low water the sandy beach extends out-
wards for miles ; proof of the shallowness of the sea.
At the proper season it would almost seem as if a
human population had sprung into existence by
magic ; for carts and horses, men, women, and children,
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are thickly strewn over the shore collecting cockles
and mussels, or busy shrimping. But this peaceful
scene, with the German Ocean gently rippling over
the sands and lapping the base of the tall cliffs, is
transformed into a fearful spectacle when a north-west
gale has blown for a few days. Then we have the
secret of the shallowness of the adjacent sea, as well
as of the origin of its dangerous sand-banks. The
waves rise to a fearful height, and dash against their
barriers with a violence hardly excelled in the most
dangerous seas of our globe. The soft clay masses
are eaten away, and then the strata overhead fall
down with a shock like to that of a small earthquake.
Not content with this wholesale destruction, the
hungry sea hurries away its spoil and distributes it
along its floor. Quantities of the waste are piled up
by currents as shifting sand-banks, or are thickly
silted over the beach. The disintegrating power of
these storms may be guessed at by the fact that
boulder-stones of nearly a ton weight are washed out
of the cliffs, and rolled by the billows miles away from
land. These boulders the trawler fears beyond mea-
sure ; for if once his drag-net gets entangled with a
specimen, his profits are gone for many a week to
come. Some parts of the sea-bottom are actually
unfished on account of the quantity of these danger-
ous obstructions lying along it. Meantime the dry
land is slowly wasted away on an average of several
feet a year. At Happisburgh may be seen rows of
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houses, formerly inhabited by the coast-guard, all
standing solitary and untenanted near the verge of the
cliff. The surface of the land, nevertheless, is rich and
fertile, and man clings to it as long as he can. But
the farms fringing the coast are generally let on short
leases and on annually decreasing rents.

Cropping out along the feet of these cliffs is a
geological phenomenon possessing intense interest
even to a non-scientific reader. It is neither more nor
less than an old Forest-bed of immense antiquity.
After one of the north-west gales already mentioned,
there may be seen extensive patches and sheets of
semi-indurated mud and turf which extend to the very
margin of low water, and continue beneath it seawards
for miles. This is the soil upon which the old Forest
grew, and the vegetable exuviz it left behind. When
examined, it is seen to contain hundreds of the stools
of trees, some of them three or four feet in diameter,
and each with its roots spreading into the surrounding
mud. Thisold Forest-bed has been traced as far from
Cromer as Southwold in Suffolk, a distance of nearly
forty miles, whilst its accurate landward and seaward
extensions are unknown. That it forms no small
portion of the floor of the German Ocean there can be
little doubt. Fishermen are constantly dredging up
portions of its vegetable soil, its old gnarled tree-
trunks, and its numerous mammalian remains. Under-
neath the sea hereabouts is one of the most striking
evidences of an old land-surface known to geologists.
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Were this sea-bottom to be upheaved only forty yards
(a mere trifle compared with what has taken place
since the forest grew), then the whole of this strange
phenomenon would be laid bare. Owing to the
shallowness of the sea, dry land would stretch away
from Flamborough Head to Heligoland and Jutland.
Norfolk would once more be connected with the great
Germanic plain, and England become a westward
prolongation of the European continent. The “deep-
water channel ” skirting the eastern coast would, under
such circumstances, become the course of the Thames
and 1its tributaries. Such a change would, in fact,
almost restore to us the terrestrial conditions which
existed when this now submarine Norfolk Forest-bed
flourished.

The geological age of this phenomenon is pre-
glacial ; that is to say, it dates before the period of
intense cold, when an arctic climate replaced our own,
and before Great Britain had last sunk beneath a
wintry sea, all but the tops of her highest mountains.
The present cliffs under which the buried forest ex-
tends, since the latter rejoiced in its arboreal glory,
have been formed as an immense mud-sheet along
the bottom of that glacial sea. The huge masses of
sand, gravel, and clay strewn over the Northern hemi-
sphere down nearly to the fortieth parallel of latitude,
have all been elaborated since the Norfolk submarine
Forest ceased to exist. Our mountains have been
sculptured by inorganic forces into their present
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shapes, many of our valleys have been eroded into
their prevailing fertile and smiling conditions, old
continents have gone down like foundering ships, and
new seas overwhelmed their areas, since this Forest-
bed was transposed from its superficial condition.
And yet, geologically speaking, these vast changes
are hardly to be compared to the mighty events
which took place in ages long antecedent.

The most striking peculiarity about this Forest-
bed is the extreme contrast between its animal and
vegetable remains. The latter, with one or two ex-
ceptions, almost exactly resemble the present flora of
Great Britain ; whereas the former are utterly unlike
any animals now living in these islands. All the
geological changes above referred to have therefore
taken place within the lifetime of existing species of
plants and trees. Elsewhere in this country we have
manifold evidences of old land-surfaces. Our coal-
fields are full of examples; and the Portland “dirt
bed,” of later date, with its petrified trees allied to
tropical forms, is a later illustration. But in the
Norfolk Forest-bed we have evidence of a temperate
climate very similar to that now enjoyed by ourselves ;
as well as striking proofs of our former continental
prolongation. A close examination of the upper soil
of this old Forest, which is matted into thin layers,
reveals the presence of innumerable wing-cases of
beetles, fresk-water shells, etc. It certainly is singular
to find fresh-water strata forming the floor of the sea.
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Among the stumps of trees so plentifully dotting the
black surface are chiefly the Scotch and spruce pines,
and branches, roots, and leaves of yew, willow, alder,
oak, sloe, and hazel. The matrix is frequently of a
turfy structure, and in its dark appearance shows the
presence of a great admixture of vegetable matter.
Its entire suite of arboreal remains reminds one
strongly of the adjacent Norfolk land-surfaces, and
extensive muddy marshes. The most advanced
opinion relative to this Forest-bed is that it is the site
of an old marsh, rich in the various mineral elements
necessary to a luxuriant vegetation. The fresh-water
shells and other remains certainly bear out this idea,
which is further supported by our finding such fossil
plants as the buck-bean, the yellow and white water-
lilies, hornwort, pond-weed, etc. The occasional
occurrence of marine and brackish water shells shows
that the sea was not far distant, and tells how its
waters made periodical excursions over the low-lying
portions of the area. In fact, the various circum-
stances attending the deposition of the vegetable
remains indicate conditions exactly like those of
everyday life, Hazel-nuts are found perforated by
weevils, fir-cones are bitten away as if by squirrels,
and even the gum which exuded from the pines may
be met with as so many lumps of resin, just as in
older strata in the Baltic it is found as amber. The
water-lilies bloomed and seeded, although possibly
human eyes were not opened upon the smiling earth
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for ages afterwards. The stagnant pools were faintly
streaked and rippled by “spinners ” and other water-
beetles. Judging from the fineness of the mud or
soil, it must have been a long time in process of
formation. At Cromer the stratum attains its
greatest thickness, which never exceeds a few feet.
Here also one meets with the greatest quantity of
vegetable remains. At Runton, a little farther along
the coast, the soil of the Forest-bed expands into a
thick fresh-water deposit. The only tree not indi-
genous to Britain whose trunks and cones are found
is the Norway spruce-pine. This is a native of a
colder climate than our own, although we have
naturalised it in this country pretty easily. The
Scotch fir, also abundant in the same bed, has been
confined within historical times to the land whence it
takes its name. QOur then connection with the Con-
tinent, however, will explain how such northern trees
grew in English latitudes; whilst the subsequent
submergence of Great Britain during the Glacial
epoch, is sufficient to indicate the causes that exiled
them until they were reintroduced. It is well worth
the while of the geological student to visit these
wild and solitary Norfolk coasts, especially after a
long-continued north-west wind. If he go at any
other time, he must take his chance of finding any
portion of the Forest-bed visible. The waves have
an immense power of silting up, as in stripping off,
their own work, As the sea is constantly gaining on
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the land, after every storm more severe than usual,
new sets of sub-fossil trees are constantly being
brought to light. A better indication than this could
not be wished for, of the persistent character of the
old Forest, as well as of its landward extension.
Familiar and matter-of-fact as are these floral
details, so that they seem to differ little from what
we should find in any extensive peat-bog in our own
times, the difference is more than atoned for by the
associated animal remains. These are met with both
in the Forest-bed proper and in an overlying stratum,
which has earned for itself the name of the “elephant
bed” from the large quantities of teeth and bones of
that animal which have been disinterred from Iit.
Thanks to the researches of the Rev. John Gunn, the
mammalian remains of the Forest-bed are now pretty
well known. Elephants of at least #ree species have
been exhumed, the largest of which, according to the
late Dr.Falconer, was not less than sixteen or seventeen
feet high. The tusk of one of these animals has been
dug out, and although nearly three feet were broken
off, it still measures ten feet in length, and is nearly
three feet in circumference. The other animals known
are a species of horse, much larger than the biggest
Suffolk cart-horse, together with abundant remains
of tiger, bear, hippopotami, rhinoceri, and beavers
(nearly twice as large as any now living), deer, oxen,
goat, water-rat, fresh-water tortoises, etc. Many
species of these animals were of unique form. One
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kind of deer, named after the veteran geologist Pro-
fessor Sedgwick, had antlers extending six or seven
feet on each side the head, and four feet in height.
The remains of one “missing link” in the animal
world have turned up in this deposit, connecting the
ox with the deer, its horns or antlers possessing
characters common to both. Such is a brief outline
of the fauna of the Norfolk Forest-bed. It existed
long before the German Ocean had cut its way
through the boulder clay and occupied its present
site. It is difficult indeed for one to associate an
English forest with the heavy tramp of browsing
elephants, or English rivers with wallowing hippopo-
tami and rhinoceri. And yet here are evidences of
the marsh and perhaps the delta of an old river cer-
tainly as vast as the Rhine. In it we have evidence
of huge beavers building their dams and seeking their
finny prey. Herds of deer were attracted by the
luxuriant vegetation and the fresh sprouts of familiar
shrubs, Wild horses galloped over the bleak chalk
plains of Norfolk and Suffolk, and goats and oxen
wandered as their nomadic appetites prompted them.
Under the German Ocean, with the exception of that
portion stripped off by its fierce currents and strong
tides, lies the great sepulchre of these pre-Adamite
animals. A semi-hardened soil, containing fresh-
water shells and land and aquatic plants, is the floor
over which one of the most dangerous seas in the
world storms and tumbles. The pre-human epoch is
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brought into contact with the present in strange
affinity. Many a goodly ship has found a resting
place on old-forest ground, and the bones of brave
mariners who fought hard for dear life lie commingled
with the remains of old-world elephants, hippopotami,
rhinoceri, and bears.

As an indication of the numerous bones and teeth
which have been washed out of the original matrix of
the Forest-bed, we may here mention that altogether
many thousand elephants’ teeth have been dredged
at various times from the sea-bottom by Norfolk
fishermen. In addition to these have been found
great numbers of fossil tusks, etc, many of them
covered with marine worm-tubes, oysters, and anomia.
At Bacton remains of the narwhal, walrus, and the
common whale have been met with. Their occurrence
proves that, towards the conclusion of the Forest-bed
period, a gradual change of level had commenced,
during which these animals were stranded and their
bones entombed. This submergence, it is known,
went on until a tolerably deep sea spread farther and
farther inland, and eventually all but the tops of the
high hills in Great Britain were covered by it. Of
the time taken up by the process, we can form little
idea in actual numbers of years. But we have their
result in those superficial deposits of sand, gravel,
and clay, so necessary to agricultural wealth and
prosperity, and without which England would have
been in a very different state from what she now is.
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Under the German Ocean lies one of the latest
chapters in geological history—an epitome of old-
world animals and plants, many of them the direct
ancestors of existing species—the details of whose
former humble life may be read off as plainly as
antiquaries have deciphered the manners and customs
of ancient Herculaneum. Just before the great ice-
sheet swathed northern continents, we catch a glimpse
of peaceful English forest-life hardly differing in its
floral character from that of to-day, although scores
of centuries have meantime rolled away to join the
mighty host which preceded them.

Not far from Cromer and Overstrand, near
Happisburgh, and at Hunstanton, on the Norfolk
coast, is another submarine forest, but of quite a differ-
ent geological date. We have already seen that the
Cromer Forest-bed was pre-glacial—that is to say, it
grew before the strange physical change took place
which wrapped Great Britain—and, indeed, most of
the northern hemisphere—in a winding-sheet of ice
and snow, similar to that which now invests Greenland.
These arctic conditions extended, maybe, for scores
if not hundreds of thousands of years, if we are to
judge by what took place in the interim. It was
after this rigorous northern winter had passed away,
that all our other British submarine forests grew.
The latter are therefore called post-glacial. When
they flourished, the great Germanic plain now occu-
pied by the waters of the German Ocean was low-
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lying dry land, where herds of hairy elephants
(Mammoths) wandered amid a continuous scrub-forest
of dwarf oak, alder, and willow. Through this level
plain the Thames poured its waters—along that con-
tinuous valley marked on the Admiralty charts as
the “deep-water channel.” Farther to the north it
may have even been joined by the Rhine, the two
forming a stately river, which debouched into the
North Sea. The latter has been a sea for ages, as
its depth of 600 fathoms plainly shows. Along its
floor exist marine creatures which, before the days of
deep-sea dredging, were supposed to be extinct, their
remains having been found only among the numerous
fossils of the “crag” strata, or even in the chalk
On the other hand, an elevation of only 120 feet, if
it took place under the German Ocean, would once
more convert the latter into dry land. But it is evi-
dent that this upheaval, great as would be its geo-
graphical influence over the German Ocean bed,
would hardly affect that of the deep North Sea, or
the habits of the marine creatures living on its bottom.

A line of soundings shows that the floor of the
German Ocean is comparatively shallow as far as the
“Dogger Bank,” off the Northumberland coasts.
The old Thames valley to which we have referred
hugs the outline of the English shores all the way,
and here and there we have deep holes that may
have been lakes when this sea-bed was low-lying
marsh-land. Over an immense area the dredging-
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boats are constantly bringing up peaty soil, showing
that the bottom was once dry land. The remains of
post-glacial animals are also frequently brought up.

A collector at Yarmouth bought all the bones and
teeth which the fishermen lately dredged up, till he
was tired of purchasing ; and his collection now shows
tusks and teeth of the elephant, grinders of the hairy
rhinoceros, antlers of deer, etc, in profuse abundance.
These have all come from the adjacent shallow sea-
bed, and chiefly from the post-glacial forest, although
some of them are undoubtedly from the pre-glacial
submarine forest at Cromer, already referred to.

It is difficult to reach the Hunstanton forest with-
out the assistance of a boat, so far does it lie out to
sea. About a couple of miles from high-water mark
you come upon the submerged forest, full of trees,
trunks, and branches, all of them so soft that they
yield to the pressure of the finger. In this respect
the Cromer trees are much harder, and more full of
iron sulphite. The black peat, in which the trees lie,
is composed of matted leaves, twigs, bog-moss, etc.
It was once inhabited by herds of deer and wild oxen,
as is evident from the abundance of their remains.
Nay, savage man seems to have also been a denizen
of these “wild woods,” for a flint celt, or stone axe,
was found imbedded in one of the submerged trees.

Nearly all our estuaries appear to be underlain by
these ancient forests. Mr. Lucy, F.G.5, has recently
described one under the Severn, twenty or thirty feet
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beneath the present level. Within the last few years
we had occasion to draw attention to one beneath
the river Orwell, in Suffolk, which extends down the
old valley from Ipswich, for a distance of six or seven
miles. The river channel, at low water, is partly
excavated out of it. We dug through the compact
bed of peat, which now represents it, for a depth of
seven feet, until we came upon the ancient soil on
which the forest formerly grew. The upper part of
the forest-bed was crowded with trunks of beech,
scrub-oak, and hazel, and was composed chiefly of
matted leaves, so perfectly preserved that every vein
could be seen, and all the leaves identified.

Coming farther south, we find a submerged forest,
evidently of the same age as the two last mentioned,
underlying the Thames. At various places between
Woolwich and Erith the remains of this interesting
deposit may be seen at low water. It is overlain, in
the marshes, by six or eight feet of alluvium. When
dug into it yields abundance of stools and trunks of
trees, leaves, etc., as well as remains of the red deer,
and long-fronted or native ox. At St. Leonard’s,
near Hastings, the remains of another submarine bed
are to be seen at low tide. Farther to the south at
Bracklesham, and to the south-west in Torbay, we
come upon others, which seem to lie in deeper water
than usual. At Lyme Regis, Porlock, Minehead,
Weston-super-mare, Sharpness, Millendreth Bay,
Falmouth, Barnstaple, Bideford, Holyhead, More-
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cambe Bay, and elsewhere, are visible many other
“forests under water.” The description of one, as
regards the trees, leaves, and plants, and also the
associated animal remains, would nearly answer for
all. -
One needs little geological knowledge to perceive
that when this extensive fringe of submarine forests
grew, the land occupied by them must have stood
higher than it does now. The question remains—
Did it stand high enough to convert what is now the
shallow German Ocean and Irish Sea into dry land ?
Geologists believe it did, and that the peat-bed and
Mammoth remains lying along the floor of the latter
are pretty much of the same age as the submerged
forests, Of the two they are older, and these old
woods may have grown when the depression was
slowly going on which ultimately transformed the
low-lying marshes of the Germanic plain into a sea-
bed. That the geographical separation of England
from the Continent, and of Ireland from England, is
one of the most recent geological phenomena con-
nected with these latitudes, all scientific men are
agreed. Not only does the fringe of ancient forests
surrounding the British Islands indicate this, but it
is further supplemented by the animals and plants
which still live among us. All our native species are
identical with those found on the mainland of Europe.
Our mammals, birds, insects, fresh-water fish, and
mollusca, land and aquatic plants, are the same as
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may be seen on the other side the German Ocean.
They must, therefore, have naturally spread over
what is now Great Britain before the depression took
place which converted the latter into a group of
islands. The similarity of the trees, plants, shell-fish,
and animals found in our submarine post-glacial forests
to those on the dry land tells plainly of the former
connection of fauna and flora, and indicates how it
was broken. Here, therefore, we catch a glimpse of
primeval England, shivering in a less warm climate
than the present, perhaps partly on account of the
absence of the Gulf-Stream influence before she be-
came an island. She is clad in woods and forests
even more dense than those described by our earliest
historians—a continental prolongation, with Ireland,
into the unknown Atlantic. Savage man contends
for the mastery with bear, and wolf, and hairy Mam-
moth. The flat, boggy, Germanic plain becomes
marshier ; the North Sea laps farther and farther to
the south, and so gains upon the morass as the de-
pression goes on, The Atlantic has already assumed
the sovereignty of the low plains of the Channel,
although it did not wash over the Irish Sea until
some time after. The “strip of silver sea” gains
with the centuries, until the isolation is complete,
England has become an island, and Ireland has fol-
lowed the example even before the faunal migration
has extended to the western verge, leaving behind

species of reptiles and mollusca, abundant on the east
E






CHAFTER IV

HUNTING FOR MINERALS.

S q MONG the thin fissures and
g -I :I"t_ I

hollows of the Carboniferous
limestone rocksof Derbyshire
there usually occur crystals of
various minerals. Sometimes
the deposition of these has
gone on along both walls
until the fissure has been
completely filled up alter-
~ nately with sparryand metal-
lic matter, thus constituting
b a “metal lode.” Very fre-
i quently, even in hand speci-

mens, one may see crystals of
. a certain geometrical form
covered by those of a later deposit; thus indicating
that, when the first were formed, they must have
been outermost.

Lower down, the unfilled and larger fissures are
taken advantage of by natural drainage ; so that we
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frequently find them constituting the subterranean
beds and courses of rivers or streams. This con-
tinued for ages, and, meantime, they were widened by
chemical dissolution and erosion. Then, perhaps,
has come more or less of an upheaval, which caused
the waters to flow at a lower level, and so to leave
their former passages as long winding caverns. Into
one of these, some years ago, we rambled, with the
determination to get as far as the passages would
allow us, in order to seek for certain rare minerals
which were reported to be found. The main part
of the cavern had been discovered after many years’
stupid and blundering “driving ” after lead-ore. The
passage or tunnel had all been cut out in this way.
This very remarkable semi-natural phenomenon is
situated in the neighbourhood of Castleton, in
Derbyshire—a locality known to all readers of
Scott’s Peveril of the Peak—and it goes by the name
of the “Speedwell Mine.” The scenery around is
truly magnificent, more especially near the mouth of
the cavern, which occurs at the entrance to the
“ Winnats ” or “ Portal of the Winds,” as the word
signifies. The Winnats is an enormously wide
fissure, extending above half a mile through the
solid rocks in the manner above described. No
matter however still or sultry the summer day may
be, we are sure to meet with a gentle breeze winding

along this mountain-pass.
The entrance to the Speedwell Mine is by a door
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in the hill-side, which strongly reminds one of that
mentioned by Bunyan in his Pilgrinds Progress, as
shown to Christian by the shepherds. In at this
door, one starlight night in February, we entered,
each laden with a suit of miner’s clothing wherewith
to equip ourselves for our adventure. We speedily
converted the small cottage hard by into a dressing-
room, and turned out in a manner that would cer-
tainly have surprised our friends.

Entering by the door at the hill-side, we de-
scended a flight of more than a hundred steps ; when
at the bottom, to our great surprise, we found a boat
ready to row us along a subterranean passage, in
which was about four feet of water. There was just
sufficient room to sit upright in the boat without
knocking our heads against the top; and along this
passage we sailed for the distance of nearly half a
mile, lighting our way as we went by sticking candles
against the sides, by means of balls of soft clay.
When we had proceeded for some distance, we were
requested to look behind us; and the reflection of
the lights in the still water was strikingly beautiful,
reminding us of a long narrow street lit up by gas.
This is the main passage, which was literally hewn
out by the muscle and sinew of the miners in their
search after lead, and we could see one or two thin
veins of that metal crossing the roof of the passage
transversely.

The stillness at first was almost unearthly, and it
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seemed to be exaggerated when we remembered it
was night ; but by and by we could hear a faint
droning sound. On asking whence it came, we were
told, to our astonishment, that it was caused by the
water over which we were then sailing falling over a
cataract into the “ Bottomless Pit.” As we pro-
ceeded, the noise increased, until at length we had
to speak in a different note in order to hear one
another. We were so completely interested in the
uproar that we did not notice the boat had stopped
until one of the company drew general attention to
it. A large rock had impeded our course, and to
it we moored the boat and landed. Raising our
candles above our heads, we perceived we were in a
mighty cavern, whose darkness our feeble lights only
seemed to render more obscure. On each side, high
as we could look up, huge rocks hung over, as though
ready to topple on our heads with the least disturb-
ance. But the sight was inexpressibly grand, when,
after lighting a rocket, the hissing blazing torch
mounted upwards for more than one hundred feet,
without even then reaching the top. As it ascended,
the darkness below became more and more palpable ;
and the dazzling light above our heads revealed a
similar arrangement of rock-masses to those we could
see around by the faint light of our candles. The
whole effect was most striking, and had much of the
character which Martin has thrown into his weird
picture of the “ Great Day of His Wrath. We shall
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never forget it. The sight has haunted our dreams
scores of times since.

We now turned our attention to the falling vol-
ume of water as it dashed over the precipice. The
latter is protected by an iron railing ; and a dazz-
ling magnesium light held over showed us a black
yawning chasm, into which the seething waters were
hurrying themselves. We could not see the bottom,
although it is known that a communication exists
between this cavern and the Peak, more than a mile
away ; for sawdust thrown into this stream has been
carried out by the rivulet which flows from the
mouth of the Peak Cavern, or Devil's Hole. The
sights above mentioned are those ordinarily shown
to visitors ; but as we passed along the main canal,
we had noticed several small passages branching out
on our right hand, and now we returned to make
our explorations in them. They had not been
entered for nearly thirty years, so that there was a
little spice about the adventure. We were each
armed with hammers—geological indispensables—
and in our toilet of miners’ clothing were well pre-
pared to rough it. So in returning we stopped at
the mouth of the right-hand passage called the
“ Half-way House,” and fastened the boat firmly to
the rock; for had it chanced to drift away, we
should have had a quarter of a mile to wade through
a stream four feet deep, whilst the owner would
have had to perform the same feat right to the other
end to bring it back.
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As we got out of the boat, we had above a foot
of water to wade through for about a hundred yards,
along a narrow and dripping passage which cramped
our backs with the bending. We were relieved at
the end by being able to stand erect in a vast rent
in the rocks, extending so far above our heads that
the dim light of our candles did not enable us even
to guess its height. Between the walls of this fissure
—which was about three feet across—bars of wood
had been placed to serve as staves ; and so, fastening
our hammers in our belts, and sticking our lights in
our hats, we mounted up one after another. This
was a somewhat dangerous task, for the wooden bars
had been there so long that they had become rotten
from moisture ; so if the leading man had made a false
step and tumbled down, he would have sent us all
before him like a lot of skittles. At last, after ascend-
ing some hundred feet in this way, we reached the
top, and found a passage similar to that along which
we had waded extending in a westerly direction.
Along this we made our way with bent backs, and
at the risk of breaking our shins over an old wagon,
which had been left there by the miners years before.
Here we could see the lead-vein crossing the path,
the matrix in which it occurred being filled with
« cawk,” or sulphate of barytes in an uncrystallised
form. Farther on, the passage was so narrow that
we had to crawl on our hands and knees among mud.
All this labour, however, was abundantly compensated
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There was a little passage on one side through
which we could creep one at a time, and so we
wriggled our way through to see what lay behind.
And if nothing else had repaid our labour, certainly
the sight of the magnificent cavern into which we
now entered did so most amply. Not only for its
splendour, but also for its size, it was unequalled by
anything we had before seen.

When we had all got together, we looked round
us, and were deeply impressed by what we beheld.
The wide vault, hidden by the blackest Egyptian dark-
ness above our heads, and the masses of rock strewn
around, made us feel like pigmies. The effect was
more striking still when we burnt another magnesium
light ; for it threw out the light and shade of over-
hanging masses into splendid relief. @~ The huge
stalactites, the massive folds of stalagmite which
mantled the faces of the rocks, the thousands of
crystals of various shapes and colours which reflected
the dazzling light in as many coruscations, made us
almost speechless with wonder and delight. After
attempting to make our way in other directions, we
had to give up, owing to the passages narrowing so
much as to prevent us even worming ourselves along,
else there is no doubt we might again have met
with caverns as capacious as any we had seen. In
fact, all the hills hereabout are quite honeycombed,
and the subterranean passages extend for miles,
widening and narrowing alternately as they run along.







CHAPTER Y.

SOILS : THEIR ORIGIN, RENOVATION, AND DECAY.
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EITHOUT intending a pun,

v

oW &
iy | .‘ it may be safely said that

“ this is a subject which covers
a great deal of ground.
There are few other subjects
of greater importance, for it
has long since been proved
by political economists that
all wealth comes out of the
soil. It gives us day by
day our daily bread. It
provides us with food whilst
% living, and a shelter when
dead !

The nature and condition
of soils are the most important of topics to the
farmer. On their composition considerably depends
the kind of crops he shall sow. Nature can do a
great deal in this respect, and science can do even
more. By science, we do not only mean the mere
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theory of soils, but that accurate knowledge begotten
of experience. Quite as much depends on the mechan:-
cal condition of soils as on their composition ; and
the former, we know, is in the farmer’'s own hands.
According to the way in which he treats it, we know
whether or not he deserves that best of praise—*a
good farmer.”

A great step was made in our knowledge of what
really good soils are, when, many years ago, Baron
Liebig showed that different crops took up from the
soil different mineral substances ; that if the soil did
not contain the mineral substance, in a soluble form,
which a particular crop required, it was foolish to
sow it ; and that we could give to the soil what it
most lacked, or which any special crop required. In
short, that plants require food, wherewith to grow,
just as animals do, and that their food is contained
in the soil. Mr. Coke, of Holkham, in Norfolk, had
previously, although without, perhaps, understanding
the scientific reason why, discovered the value and
initiated the system of “rotation of crops,” which
simply means that one kind of plant will feed or
grow upon substances in the soil rejected by another
kind,

The term soz/ is often employed in a very vague
manner, although we may regard it as referring to
the upper looser surface covering the dry land every-
where. The different soils are popularly denoted
by several terms qualifying them ; and some speak of
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them as “heavy,” “light,” “marly,” etc. As to the
origin of soils, there is only one source to which we
can ascribe them—the weathering and decomposition
of solid rocks. In the Eastern, as well as over a large
area in the Northern and Midland counties, we have
extensive sheets of material which have not been
derived immediately from the underlying rocks. On
the contrary, these vast beds of sand, gravel, and clay
have been brought from a distance, as we may at
once perceive by the boulders in them. To geolo-
oists they are familiar by the name of the “ Drift-
beds,” and it is known that they actually owe their
origin to the action of icebergs and glaciers. Now,
the soils in our agricultural counties are nearly all of
them derived from the weathering of these drift-beds.
No richer source of soils could possibly be mentioned,
for our drift-beds have been all formed by the break-
ing up of rocks of different geological formations and
of various chemical constituents. Consequently, the
soils derived from the weathering of those divisions
of these drift-beds, known as the “boulder clays,”
and formed by the wask along the slopes of valleys,
are likely to be much richer in various minerals than
soils which have been derived immediately from the
weathering of any one kind of rock, as granite, lime-
stone, or sandstone. We see, therefore, that it is
primarily this peculiar relationship of the soils to the
boulder clays that agricultural fame and wealth of the
agricultural counties are due.
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into a very light, almost white-coloured soil. It is,
however, frequently very barren for all important
agricultural purposes, notwithstanding that granite
contains some very valuable mineral constituents,
such as potash, soda, alumina, etc., derived chiefly
from the decomposition of one of its mineralogical
ingredients, felspar. On the other hand, the marls
of the New Red Sandstone in Cheshire, Worcestershire,
and elsewhere, weather into rich, stiff, clayey soils,
which make excellent permanent pastures, and so
they have stamped Cheshire for ever as a “ Dairy
County.” The hard sandstone of the Carboniferous
formation weathers very little ; although the thick
beds of shales it includes disintegrate rapidly, and so
form stiff, impervious clays which hold moisture on
their surface, and form cold, sour lands.

Nearly every geological formation has its beds of
clay in one form or another. Sometimes these strata
are of considerable thickness, and then, if their angle
of dip be small, they will be found extending over
considerable areas of country, and determining the
character of its physical geography. Thus, the
Oxford clay occupies the greater area of our Fen
districts, the Kimmeridge clay underlies the fens of
Lincolnshire, and the London clay the marshes of
Essex. What a strange similarity in the physical
geography of these three different regions, and how
wonderfully the agricultural pursuits are determined
thereby ! These various deposits weather into stiff

.
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soils and subsoils when they are uncovered by the
“drift ” beds, and, although they contain undoubtedly
rich ingredients, their mechanical condition does not
allow vegetation to obtain there so readily as they
require,

We have already said that the wmechanical condition
in which soils are met with is of the utmost agri-
cultural importance. Too much stress cannot be
placed upon this. When soils are broken up from
the stiff condition in which they occur—for instance,
in many parts of the Fen districts—so that the atmo-
sphere as well as the rain can find its way through
their interstices, they prove good ecereal soils. If
they are not so treated they must be left as pasture
lands—an adaptation which perhaps involves less
labour owing to the readiness (often too great readi-
ness) with which the clays maintain the moisture
necessary for the permanent growth of grass. Deep
draining is nearly always necessary in these sub-clay
soils. Even the colour of a soil is found to affect its
physical character. JDark-coloured soils, whether
heavy or light, are more affected by the heat of the
sun than whitish soils, for the latter reflect both light
and heat, Therefore, the germination of seeds must
be quicker in dark soils than in any other. Drainage,
by carrying off the excess of moisture, allows the
land to be warmed by that heat of the sun which, in
the undrained state, would be employed in evaporat-

ing the surface moisture.
F
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On soils where the remains of insects, the drop-
pings of animals, and the accumulation of decayed
vegetation have persistently gone on, there is formed
a fwmus. It is the percentage of this which gives
the dark colour to a soil. Humus contains carbonic
acid, and in this state is very useful to plants in
enabling them to dissolve soluble mineral matter
more readily. In our opinion, one of the best friends
of the farmer is the common earth-worm. Its abun-
dance in grass pasture cannot fail to be especially
beneficial, for it “top-dresses” the surface by its
abundant castings. Now, as earth-worms live en-
tirely upon the organic matter contained in the
soil, and in spite of ignorant and prejudiced asser-
tions to the contrary, zever (for they cannot) attack
or devour grass roots, their habit of burrowing under-
ground must be beneficial to the undersoil in allow-
ing free access of air and rain-water; for the roots
of plants require nearly as much air as (and even
more water than) the leaves. Moreover, when rain-
water can thus get down into the soil and be dis-
tributed equally throughout it, it can dissolve the
soluble salts in the soil, and be itself broken up into
vapour by the sun’s heat ; for the roots of plants re-
quire, not water, but watery vapour. Indeed, unless
water exists in the latter condition it is of no use
whatever to plants, but the converse. Plants will
actually perish of thirst, even when immersed in
water, for want of the conditions necessary to form

watery vapour.
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earth-worms, etc.), the solid rocks would appear
naked at the surface, as is the case in mountainous
districts, where the wasting away of the soil is more
rapid than the rate of decomposition of the under-
lying rocks. Even the tilling and ploughing of
arable land so far plays into the hands of the
robbing, weathering action, by enabling it to act
more powerfully on the soil, and to waste it in a
higher degree than it could have done had it been
protected by natural vegetation or by the grass of
pasture land.

Hence, it is not merely necessary to put into
soils the mineral constituents taken from them by the
garnered crops—we must also compensate for that
great weather waste to which we are indebted for
the very existence of the soil itself. Even supposing
we could always give back the exact quantity and
quality of the mineral matter we have removed, it
would only enable us to farm at a dead level from
one generation to another. We may regard it, how-
ever, as impossible to replace over any given area
the absolute materials which have been carried off in
the shape of crops. To put on the manure of ani-
mals, even although they have garnered the vegetable
produce of a field, is not enough ; for we have to
remember that, even if we could replace, when the
animals died, the phosphates and carbonates of lime
they had abstracted and secreted in their bones, by
strewing their carcasses over or working them into
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the soils on whose grass they had fed, there would
still be a large quantity of soluble salts which had
been dissolved out of the soil in the meantime, and
carried off by brooks and rivers into the sea. We
hold it, therefore, to be an absolute necessity in what
is called “high” or genuine scientific farming, that
so-called artificial manures, and especially phosphatic
and nitrate manures, should be employed, not only
as fertilisers, but to atone for all the wear and tear
and dissolubility of which we have just spoken.
Plants are like animals in this respect—they not
only form new tissues, but they excrefe, or throw off,
old and disused ones. And the same kind of plants
can no more flourish healthily in a soil charged with
such vegetable excretions, than mankind can in a
sewage-infected atmosphere. Hence, if the same
kind of crop be cultivated in the same soil for
several years running, the soil actually becomes
poisoned for them by such excreta. One effect of
tillage or cultivation is to turn over the soil and
expose it to the oxidising influence of the atmo-
sphere, which literally burns it up and consumes it.
Not unfrequently it is found when cultivation has
been carried on for a long period, or over the same
estate (particularly the cultivation of araéle land),
that a hard bed seems to form at a certain depth.
These beds are known to farmers by the name of
“iron-pans.” They require the strongest of steam-
ploughs to break them up. Such “iron-pans” have
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been formed by the insoluble matter contained in
the loose soils having been carried down by the per-
colation of water and precipitated, when much of it
was thrown down as an oxide of iron.

The renovation of soils must always be a matter
of consideration in scientific farming. Everybody
can see that the soils may become poorer, but how
to more than restore their lost energies demands the
most careful consideration and ingenuity. Chemical
composition, as well as mechanical conditions, have
alike to be studied. It is always easier to lay the
blame on the medicine, when in reality the non-
beneficial results are owing to the fact that no pains
have been taken to know whether it was being
administered rightly. Hence we cannot help think-
ing that so-called scientific agriculture has often
been despised by those who thought they were
adopting it, but who were utterly ignorant through-
out of its first principles. It is no uncommon thing,
even now, to hear of farmers buying high-priced
artificial manures and putting them on their land,
without even enquiring whether they were suitable
or not for the particular crops they were anxious
to raise! Is science to be blamed for the lack of
common-sense that does not know how to take
advantage of its knowledge? The greatest benefit
which can be derived from soils is that the fertilising
salts they contain shall be rendered easily assimilable
to the plants or crops grown on them, These salts

—
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may be present in the soil abundantly, but owing
either to their being in an insoluble state, or to its
mechanical condition, or to the soil not being favour-
able, they cannot be immediately utilised by the
crops. For instance, it is found that in very stiff
clay lands the mere act of turning over masses of
the underlying clay is beneficial ; whilst if we burn
some of this stiff clay and used it for top-dressing it
is most advantageous, inasmuch as the burning
transmutes the potash contained in the clay from an
insoluble to a soluble condition. Clay, and the iron-
oxide which it nearly always contains, have a pecu-
liar effect on the nitrogen which is mechanically
mixed with oxygen to form the atmosphere. They
absorb more of the nitrogen with which they come
into contact than they do oxygen. Nitrogen is a
fertiliser—a stimulant to vegetable growth ; so that
anything which causes the soil to absorb it is so far
as beneficial as if we actually put nitrogenous manure
upon the soil. We hold that Liebig expressed a
greater chemical truth than has yet been appreciated
by agriculturists, when he said that crops require very
little additional nitrogen, and that good mechanical
preparation of the ground would, as a rule, cause the
soil to absorb nearly as much as the crops required.
Moreover, we have given our reasons in a later
chapter for believing that much of the modern plague
of mildew is caused by over-nitrogenising the soils by
excess of manures; for it is well known that these
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microscopic fungi flourish best where nitrogenous
substances abound.

In thus speaking, let it be understood that we
are only summarising, in the small space at our
disposal, some of the most remarkable conclusions
at which modern science has arrived. We believe
that many of our thoughtful and experienced agri-
cultural readers will find that science is here in
accord with their common-sense experience. Of
course some soils are very light and poor (as on our
“light lands ”), and applied there nitrates would be of
unquestionable benefit. But it should be understood
that nztrogen is beneficial not so much because it is
an element of growth as because it is a promoter of,
or stimulant to growth. It is always present in the
growing parts—in the leaf-buds, the young seeds,
the terminal branches, etc. Plosplhorus, on the
other hand, zs absolutely necessary. It is necessary
to the reproductive functions, which without it can-
not be fulfilled. Hence wheat-corn, barley—all the
cereals, indeed—as well as beans, peas, etc. (all of
which are the chief ends of crop-cultivation) are
highly or lowly developed according to the amount
of soluble phosphates in the soils on which they are
grown, Even in the secondary crops, such as the
“bulbs ” of turnips, swedes, beet, and the “tubers”
of potatoes, which contain much phosphorus, phos-
phates are necessary to increased development.
The seeds or reproductive parts of our cereal and
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leguminous crops cannot possibly attain even
ordinary development unless a certain quantity of
phosphates be present in the soil. Moreover, these
phosphates must be so/uble—that is to say, in the
chemical condition which enables the delicate
spongioles of the roots of plants to absorb them
when they come into contact. This is the artificial
condition in which phosphate of lime is sold by the
best and most respectable of manure manufacturers.
Of siliceous matter there is always quite enough in
any kind of soil. Hence the practice of putting
strawv as manure on land is not because the straw
contains fertilising materials in itself (for it is almost
pure carbon and silica), but because it absorbs
nitrogen as manure from the stable or the shippen,
and is furthermore of mechanical use when ploughed
into the land in keeping it open and pervious to air
and rain. Again, when placed on “layers” of
clover in winter it protects that delicate and nutri-
tious “stock” crop from the blasting influences of
the winter’'s frost. When phosphatic manures are
employed as fertilisers it is necessary to take care
that they are placed upon proper soils. For in-
stance, it is almost certain that soils which naturally
contain large quantities of iron-oxide (or “rust,” as
we popularly call it) will precipitate the most care-
fully-prepared and high-priced of phosphate manures
into an insoluble and therefore useless condition.
In such soils what is required is Aumus, which is so
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beneficial in assisting to render the necessary salts
soluble. Phosphates, therefore, should as a rule be
- employed in the ordinary manure, or in association
with some nitrogenous substance, which will very
largely prevent its return to the much-dreaded and
wasteful znso/udle condition. In this way the nitrogen
becomes a vehicle to carry the phosphates safely
and without danger of change of condition; and as
a rule it will be found that artificial phosphatic
manures act best when employed in such com-
bination.

The chief elements, therefore, it is necessary the
soils should contain to raise them from an exhausted
or depraved condition to one of high fertility and use-
fulness, and to thoroughly renovate them for all the
purposes required by modern “ high-farming,” are the
presence of such soluble salts as soda and potash,
and the even more delicately-balanced condition of
soluble phosphates. A geological knowledge of the
various kinds of soil, and more particularly of the dif-
ferent sub-soils which are sure to occur on an exten-
sive estate, may be turned to agricultural value. For
possibly the thin, poor, hungry, light soils might
be advantageously top-dressed by materials easily
obtained where the “chalky boulder clay ” occurred ;
and the too stiff marsh lands might be rendered light
and porous by an interchange of sands or other
material. Even the peaty soil of a bog may be
rendered of high agricultural value by burning it, for
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A NATURALIST ON THE TRAMP (No. L.)
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lovely drives or walks in the
West of Ireland is that
from Westport to Cliefden.
The distance is something
over forty miles, and the
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road is tolerably good,
although in many places
chequered by a good number
of ups and downs. If walk-
ing, we should recommend
the pedestrian to do the first
eighteen miles to Leenane,
which is, in our opinion, the
most beautiful spot to be
visited. The road thereto lies over the mountains,
and, after gradually ascending three or four miles
from Westport, we traverse the surface of a table-
land, everywhere boggy and wet, and with pretty
loughs or lakes studding its surface. Some of these
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loughs are very paradises of water-plants, and their
margins are covered with the cool green leaves and
exquisite white blossoms of the common water-lily.
All round this table-land there rises a panorama of
hills. Some of them may be called mountains, for
they are three thousand feet in height, and their tops
pierce the sky, so that the cloud scenery is mapped
and patterned by their presence, and produces quite
a different appearance from cloud-land in our own
parts of the country. These ancient hills have a
riven and a weird look, for they are composed of
the very hardest rocks known to geologists—namely,
the metamorphic rocks. The Silurian sandstones
and slates and limestones, most of which once con-
tained organic remains, have been so completely
altered by heat that scarcely a trace now remains of
a fossil; and yet their geological map—for this
country has been geologically surveyed by some of
our ablest men—shows the whole region in a vari-
ously coloured pattern which indicates how different
is the variety of rocks. The white lines on the map,
which represent faulfs or vertical crackings and
slippings of the solid rock, are exceedingly numerous.
Along the line of some of these faults the valleys
now extend, for they have proved the weak places
where weathering action could be best exerted.
The outlines of these grand old hills have been
sculptured by Father Time. They are amongst the
oldest of our British mountains, and no country in
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the world has such ancient mountains as Great
Britain and Ireland! For millions of years the
storms of diverse climates have gathered around these
ancient peaks, and have spent their fury upon them
not in vain ; for it is chiefly to the combined and con-
tinued action of the weather that their very shapes
are now due.

From the table-land we have mentioned, a peaty
brown stream called the Erive makes its appearance ;
at first so small that a boy could jump across it easily.
As we pass along the uneven road, the stream gathers
strength from its numerous tributaries, all of them,
after a rainy night, seaming the sides of hills like
silver threads; and anon it gains in violence and
volume and brawls over its rocky bed, which latter
widens and deepens as the stream descends towards
the sea. Here and there it throws its volume of
seething water over some rocky terrace as a water-
fall or cataract, and occasionally its restlessness is
checked by a deep pool, which the brown, peaty-
coloured water makes to appear of unfathomable
depth. Everywhere, however, along the route of the
stream, even in these elevated regions, there was
growing such a wild luxuriance of that most magni-
ficent of all British and even exotic ferns—the Royal
Flowering fern (Osmunda regalis)—as we have never
before seen, except perhaps once along the southern
side of Barton Broad, in Norfolk. The tall fronds
rise to a height of five and six feet, with their brown
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spore-bearing branches rustling to and fro in the
mountain wind. As we passed along the road we
saw numbers of ordinary marsh plants, but we were
on the outlook for one particular flower which occurs
nowhere else in the British Islands, except these
western coasts of Ireland. It is one of the heaths,
known as St. Dabeoc’s (named after an Irish saint),
and formerly christened by botanists Dabeocia polifolia,
although now, in honour of a Scotchman, its generic
name has been unmusically changed to that of
Menziesia. By and by we came in view of this
lovely plant. Great was our joy, for we had never
seen it before except in the pages of Sowerby. The
reader may well pardon the delight of an ardent
botanist at the first sight of this plant, growing in
luxuriance in its wild abodes, for its beauty is not
exceeded even by the magnificent heaths which have
been imported into our greenhouses from the Cape
of Good Hope and Australia. Its rose-coloured,
bell-like flowers are nearly three times the size of
those of our English heaths ; which latter grow side
by side with it, as if for the sake of comparison.
After some miles of tramping, the pedestrian will
discover that he has passed the highest point of the
watershed, for the streams are now flowing in a
different direction. The mountain scenery becomes
grander as he proceeds, the mountains presenting
themselves one after another like the gigantic billows
of some stormy sea. At length a glimmer of light
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appears between the hills where the valley ought to
be, and we gradually approach Killery Bay. This
is a fiord like Clew Bay, extending from the sea
sinuously into this mountain-land for a distance of
twelve or fifteen miles, the mountains rising in some
places quite steeply from the water. Various moun-
tain streams pour themselves into it at the head where
the primitive village and capital inn of Leenane is
situated. No better spot for the tourist to rest a few
days could be selected than this. Along one moun-
tain pass he can proceed to Kylemore Lough, which
is, perhaps, the loveliest in Ireland, with the excep-
tion of one of the lakes of Killarney ; for Kylemore
Lough has not only rugged and bare mountains rising
around it on every hand, but these are softened down
near the margin of the lake by rounded bosses,
festooned with honeysuckle, and bramble, and wild
roses, the haunt of a thousand plants dear to the
botanist, and now bright with three or four species
of heath, including an abundance of our prized
Dabeocia. Shrubberies of hazel bush, willows, alder,
and larch come down to the very edge of the water,
while above them stand stately groups of Scotch fir,
whose rough stems gather all the light that is in the
sky and reflect it in the very warmest of colours.
Rarely have we been more pleased with a situation
than that of Kylemore, At one end stands the
magnificent seat of Mr. Mitchell-Henry, M.P. for
Galway, who has done good work in the neighbour-
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hood by inducing the peasantry on his estate to drain
the bog lands, so that they are being rapidly con-
verted into fertile fields.

From Leenane there are beautiful roads to Delphi,
through Glen Fee, and to the Pass of Saal Ruck, a
walk of about six or seven miles after having crossed
Killery Bay. The bay is full of fish, especially
mackerel and whiting, and this delicate food can be
obtained in almost unlimited quantity. From Lee-
nane to Cliefden is about twenty-four miles, and
Kylemore Lough may be taken on the road. To-
wards Letterfrack we were particularly struck by the
signs the landscape presents of the influence which
moving ice has exerted in this region. During all
our journeyings we had been beset by the strongest
evidence of this kind, but nowhere is it more plainly
seen than at Letterfrack. Huge hillocks of refuse
are composed of fragments of rocks of almost every
size of bigness and smallness, each fragment polished
and scratched by the ancient ice-sheet which long
ago disappeared. Low rounded bosses of rock, or
roches moutonnées, had been seen on each side of the
road all the way from Westport, many of the latter
covered with groovings and s##ie, all of them con-
verging in the direction of the valleys. There can
be little question that, before these bays or fiords
were filled with salt water, they had been filled with
ice, and had very probably been deepened by the

mechanical erosion of the moving ice-sheets towards
G
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those deeper and lower parts now covered by the
waters of the Atlantic.

Near Letterfrack we came upon some limestones
which had been altered by heat until they assumed
the appearance of loaf-sugar. Some of the lime-
stones have been coloured green, and the well-known
““green marbles” of Connemara are obtained from
this deposit. Of them many exquisite ornaments
are manufactured and sold at Cliefden, for the deposit
crops out along the adjacent hill-sides. A grander
country for the geologist, and especially for the
physical geologist, could hardly be selected than this,
for there are so many varieties of rock formations,
particularly of the older and more primitive rocks,
that at every few hundred yards the student comes
upon a new stratum on which he feels forced to
exercise his hammering abilities. Perhaps none of
them struck us more than the outcrop of what had
once been a Lower Silurian conglomerate, that is to
say, a shingle or gravel bed, which had accumulated
as such in one of the earliest geological periods.
The pebbles of this bed were formed of various kinds
of granite, and they had been cemented together in
a sandy and clayey kind of matrix, which bore a
wonderfully suggestive likeness to a Boulder-clay,
until the entire stratum had become solid. Then
this bed had been exposed to the influence of heat
and the enormous pressure of overlying masses, so
that both the pebbles and the material in which they
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had been imbedded had been metamorphosed
together., No more instructive illustration of the
great changes effected upon the configuration of the
earth’s surface by the agency of heat could have
been afforded. The only drawback to the geologist
whilst studying these rocks is the absence of a
donkey-cart and a good strong donkey, for his knap-
sack soon gets full and his pockets weighed down ;
and, worst of all, he is obliged to leave specimens
behind him that he would otherwise gladly carry
away to gloat over and study during the winter
months.

We reached Cliefden late in the evening, when
the dusk was falling around us, and the neighbouring
hills were gradually shading off into immaterial
obscurity. We rose early next morning in order to
catch the eight o’clock mail-car for Galway. Punc-
tually to the moment, a lumbering old car, with two
Irish horses harnessed thereto, made its appearance
at the hotel door, an Irishman perched in front of
the machine as if he were on the top of a chimney-
pot. The first part of our way led us by the side of
the well-known and much-talked-of Twelve Pins or
Bens, both the word “Pin” and “ Ben” (which is
common in Scotland) meaning head or peak, in the
Celtic language. The names, in this instance, have
reference to a group of twelve tall mountains which
stand clustered together in the wildest part of Conne-
mara. The road to Galway winds in and out of the
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valleys formed by and along the base of the moun-
tains, so that we had magnificent mountain scenery
on the left-hand side, whilst, on the right, there
extend, for miles, a series of lakes like “ pearls on a
string.” Some of these lakes, as, for instance, Lough
Inagh and Glenda Lough, are of considerable size,
- and have islands in their midst upon which are the
ruins of many an old castle or keep. At Ballyna-
hinch, in one of the largest of these islands, we behold
one of the finest of these castles, that of the Martins,
an Irish family which once possessed almost regal
power in this part of the country, and owned no
fewer than 200,000 acres of land. At Recess there
is a capital hotel, much frequented by salmon and
trout fishers, their prey being abundant in the lakes
and rivers of the neighbourhood. Here, too, the
scenery becomes more wooded ; but the drive from
Recess to a village called Oughterard is one of the
wildest and most dismal that it is possible to imagine.
We saw it under characteristic conditions. There
was a drizzling rain descending from the mountain
clouds all the way, and it seemed to bring out the
misery and the sloppiness and the bogginess of the
low grounds in all their intensity.

As we approach Galway the country becomes
more cultivated. The roadsides and walls are per-
fect paradises of ferns, among which Scolopendrium
vulgare, Asplenium trichomanes, and Ceterack offici-
narum, are most abundant. There are signs of
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greater wealth, and here and there mansions make
their appearance with rich woods around them.
Lake Corrib stretches away to the very heart of the
Twelve Pins, some forty miles away, and a steamer
plies up and down the water during the summer
months. At Galway Bridge we could see from the
parapets the salmon in scores, three or four together,
lying at the bottom of the stream, waiting for the
freshets, so that they could pass up the salmon leap
and through the loughs into the mountain streams
above. A day or two may be agreeably spent in
Galway, especially in exploring that outlying suburb
called the “Claddagh,” where the Spanish settlers
of 300 years ago still live apart from their Irish
brethren, with a mayor of their own, elected every
seven years, and governed by their own unwritten
laws (which are obeyed much more strictly than the
written laws of the Saxon in Galway town).

We left Galway by the steamer which crosses the
bay to Ballyvaughan. The day was intensely hot,
and the atmosphere seemed full of light. Hence
the white limestone-terraced hills of the Burren
would have been unbearable for one’s eye to gaze
upon had it not been for the oases of greenery here
and there. We think there can be little doubt that
these rock-terraces are due to weathering, and that
they do not represent successive sea-beaches, as some
imagine. The terraces appear to coincide with the
outcrop of the limestone beds, and the terraces are
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most pronounced towards the tops of the hills, the
débris lying along the bases having greatly protected
the lower strata from meteorological erosion. The
rainfall hereabout is 54 inches in a year, and as it
mostly descends in a fine drizzle, nearly every drop
must tell upon the limestone, and its weathering
action must therefore be almost complete.

We stayed a few days at Lisdoonvarna, a pleasant
green country, richly undulated, where the Yoredale
shales abut against the Carboniferous limestones, and
the water percolating through the former dissolves
away its iron pyrites, so as thus to form “ Spas” of
notable benefit. Dr. Westropp, the kind and genial
physician of the place, has made a remarkable living
collection of all the varieties of the Hart’s-tongue
ferns found growing in the fissures and joints of the
Carboniferous limestone near Blackhead. These
joints are very numerous, and in each of them we
saw growing a wonderful luxuriance of Maiden-hair
(A. capillus-veneris) and other ferns; while on the
cliffs the surface was matted with Dwyas octopetala
(still in flower); and patches of Statice spathulata
grew here and,there, close by denser tufts of As-
plenium  marinum. Near Mohr Cliffs we found
Lastrea recurva completely covering a bank for a
short distance. These Cliffs are a magnificent spec-
tacle, rising quite perpendicularly for nearly 600 feet
out of the sea. They are formed of Lower Car-
boniferous rocks, the thin flagstones of which are
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completely covered with worm or molluscan tracks.
The green Atlantic rollers, unbroken in their gather-
ing strength by a single rock or island between here
and America, thunder and surge at the bases of these
cliffs, and break up into masses of foam as white as
the thousands of seabirds whose cries almost bewilder
the ears. We should be delighted to convey to our
readers even a faint idea of the pleasure we enjoyed
from the detailed exploration.of the limestone “ rock-
gardens,” surely unknown in the whole world else-
where, of the loveliness of the green western Irish
land, and of its balmy atmosphere, which one can
almost taste !

The Carboniferous limestone underlies the whole
country thereabout—a land bare, almost as a wooden
table, of grass, and yet richly feeding numbers of
sheep. The real reason why sheep are able to
feed over the limestone tract of the Burren hills, is
that the rocks are much fissured with the wvertical
cracks, in which grow the loveliest of wild plants,
many of them rare to the botanist, and a profusion
of such ferns as the Hart’s-tongue, the Maiden-hair
(Adiantum capillus-veneris), the Ceterach, and many
others. Various species of grass also grow in these
chinks, and it is upon the latter that the sheep
browse, and so the spectator is presented with the
peculiar appearance of sheep grazing on what appears
to be a region of the poorest and the baldest rock.
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\’:"" spite of the “good old
: times” of which we often
hear so much, we have an
advantage over our fore-
fathers in the facility with
which we can annually
throw off the year’s burden
of cares, and run away for
a week or two’s change.
How temptingly the tourist
advertisements read to a
man who is on the look-out
as to where he shall go, and
who is perhaps realising
more pleasure in the antici-
pation of his summer outing than he will experience
when actually enjoying it! And how tantalising
they must appear to an individual, equally willing
and more ardently wishing to go, but to whom ten
pounds is of greater importance! DBut still, there
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botanist, for within a radius of a few miles there
are some of the best fossil-hunting grounds we know
of, in the Carboniferous limestone and Silurian for-
mations. It is not the mere change of air and scene
that is beneficial to one in these outings,—there is
to be considered also the rich store of knowledge
which may be gleaned. Many a time, in our dreams,
or suggested during a casual conversation, or by some
reference to a book we may be reading, we can go
back to the scenes of former rambles, and enjoy
them over again! The mind is strengthened, and
one’s moral nature purified, by reminiscences of this
kind. That grand view of the mountains for the
first time, the stretch of lake scenery, the solemn
sunset among the hills, when the night-wind began
to whistle, and we were tramping, footsore and weary,
to our night's quarters,—all these incidents can be
restored in a moment! We can recall the maritime
landscape of some beloved and never-to-be-forgotten
spot, now unvisited for years,—the kind friends we
met for the first and last time as we ascended some
steep mountain-side,—the delicious summer moon-
light scenes far away on the Scottish lochs or the
Cumberland lakes. All the hard work and bitter
care of our lives cannot rub out these pleasant re-
miniscences ; and memory does well to guard them
like so many blessed recollections.

As you walk along some of the silent mountain
roads in North Wales, with the mountain wind
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blowing in your face and inflating your lungs, you
cannot help feeling how nearly allied good health of
body is to peace of mind. You step lightly and
firmly out, and some catch of a song you have not
heard—much less sung—for years, bubbles up in
your memory, and unconsciously expresses itself in
sound. You seem to yourself to have gone back in
your life ten years by the change! Below you,
some hundreds of feet, the mountain rivulet is
brawling and foaming, silently reducing the hard,
angular masses of slate rock, which nearly block up
its bed, to their original fine mud and sand. Did
you ever, in sheer idleness, or possessed by the
“spirit in the woods,” of which Wordsworth spake,
sit by the bank of such a stream, and let your
thoughts or reveries play freely at will? If so, you
will remember experiencing some of the most sooth-
ing and seductive moments of relaxation you ever
enjoyed. What thoughts the very play of the water
seems to call up! It looks quite black in the
deeper pools, where the current swells and eddies
and pauses for a moment, as though it had got rest
at last, and was free from the seething rapidity with
which it had been dashed down the mountain
ravine, The overhanging pines and alder bushes
make these deep pools appear all the more gloomy:.
Just before you, the stream comes rippling over its
uneven bed with some attempt at regularity ; and
as you recline, you catch the light and shade
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of the surface-ripples. For what untold ages has
that shimmer of light gone on!—how many more
generations will it see die out and be forgotton ere
the river's course be changed! There is some-
thing at every turn in the world which makes a
thoughtful man feel how temporary is his tenancy of
it! And yet what objects of beauty greet one’s
eyes whenever we give them a chance to observe.
It is surprising, too, how little incidents like those
we have been describing will recur to memory
in years hence, long after what we deemed greater
and more important matters have been totally for-
gotton. That group of foxgloves growing on the
margin of the river—how pretty they look, nodding
to and fro, as if, Narcissus-like, they were admiring
their own beauty in the water which so distinctly
reflects them. We feel certain, as we look, that we
shall see that little picture for years to come. Per-
haps it will suddenly present itself when some great
sorrow is upon us, and the soul is dulled by the
weight it has to bear; and then, like an angel of
mercy, the image of the foxgloves comes up, and the
mind dwells on it with unconscious reverence and
pleasure! Truly, all these organic objects are
“ministering spirits sent forth to minister.”

Let us back to the ascending mountain road
again. Above and beyond, the hill-tops rise out of
the “sea of pines” which clothe their bases. What
a purple light there is reflected from the rugged
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slate rocks! One never sees it in good pictures
without thinking the artist has been taking a little
liberty. The mottled green of the short turf causes
the hill-tops to look even more attractive. The
streak of brighter green here and there shows us
where some little rill is trickling down the slope.
Lower down the purple heather lights up the uneven
flanks with a vivid and yet mellow colour.

Whilst you were silently drinking in the impres-
sive beauty of the scene, you had noticed that the
silence was broken by a sudden boom, then a crash,
followed by a prolonged roar; and had wondered
what it could mean. It recurs again and again,
and meantime your senses are keenly on the look-
out for the cause. At length you discover it. On
the hill-top, or nearly so, across the valley, your eye
catches the reflection of a moving mass, which you
soon afterwards discover to be slate refuse, just
thrown down from a small slate quarry : the sudden
boom you heard was a “blast,” the crash was caused
by the falling mass of rock which had been liberated
by it, and the roar was due to the occasional empty-
ing of a wagon-load of refuse down the great heap
that has accumulated just outside the quarry. Every
time such a load is emptied it seems as if it set the
outside of the heap in a general commotion. Per-
haps you have never explored a slate quarry, so we
invite you to accompany us first to one of the few

smaller ones which are opened in the Wenlock Shales
near Llangollen,
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Few things are more difficult to judge upon than
where a really good and profitable bed of slate rock
occurs. Generally these beds (or “wveins,” as the
workmen call them) are very limited, and occur in
the midst of a considerable mass of schistose rock,
or other slates too much broken or too badly “cleaved”
to be of much commercial value. Besides, unless
the slate quarry is situated near some good road,
railway, or seaport, and there are means of getting
rid of the vast accumulations of rubbish that always
result from slate working, the quarry cannot be
wrought with any great advantage or profit. But
surrounded by these advantages, a slate quarry is
then more profitable than a gold mine! These work-
able slate beds are not peculiar to any one geological
formation, although, in North Wales, slates are chiefly
obtained from that great deposit known as the
Cambrian. In the neighbourhood of Llangollen,
however, they are worked in a more recent formation
—one known as the “ Wenlock Shales,” a member
of the Upper Silurian rocks. These strata are in all
cases of clayey origin, and were originally accumu-
lated on ancient sea-floors as thick deposits of fine
marine mud. Some of the large slabs of slate ob-
tained in the Wenlock Shales of Llangollen bear the
most beautiful impressions of groves of ancient
Encrinites or sea-lilies—stems, heads, arms, fingers,
etc.,—just as they formerly lived on the sea-bed !
Besides these, you may obtain innumerable casts of
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extinct shells,—far too numerous for the quarrymen’s
liking—such as Orthoceras primeva and Cardiola
interrupta. As far as their mineralogical composition
goes, however, the slate beds both of the Cambrian
and Upper Silurian formations are nearly identical.
The best and finest slates in Wales are usually ob-
tained from the Cambrian rocks. The fine clayey or
argillaceous strata of these primary formations always
present a very peculiar appearance. Their original
sedimentary structure is usually quite lost, owing to
the heat and mechanical pressure to which they have
been subjected during the thousands of physical
changes, upheavals, and depressions, which have taken
place in the earth’s crust since they were formed.
Hence it is that the external marks of the mechanical
origin of such rocks are nearly always obliterated, or
but faintly visible. Rarely indeed do we find them
splitting up along the plane of deposit ; that is, into
the thin layers which represent the accumulation of
the ancient sedimentary matter. In the place of
such “bedding,”—that is, of the layer on layer
usually seen in shales and other rocks, and which is
due to the gradual accumulation of the material by
which such rocks grew to their present thickness,—
these ancient slate beds have assumed a peculiar
structure, due to the mechanical, chemical, and
physical changes above alluded to, technically called
cleavage, 1t is this change which makes the slate
rocks so commercially valuable ; for, owing to it, the
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slaty masses will split or cleave into the thinnest of
plates or layers along this plane of cleavage ; and
thus they can be readily prepared for roofing and
other purposes. In the winter-time great masses,
which have been quarried on purpose, are often al-
lowed to stand in the open air so that the frost can
operate upon them ; the result beinrg that the slates
are neatly cleft, and only require clipping to their
available shapes.

In quarrying the masses of slate rock, the quarry-
men have to bear this “line of cleavage” in mind ;
and they usually so bore the holes in the rock, which
are to contain the charges of powder for blasting,
that huge masses are detached, each having more or
less of a cubical shape, owing to the natural joints
which intersect the rock. In the smaller quarries,
such as that we are now exploring, it makes one’s
flesh creep to watch the men at work. They are
gibbering to each other in Welsh, and talking as fast
as only genuine-blooded Celts can talk! The bare,
wet face of the rock is nearly vertical, and its base
terminates in the deep quarry, a hundred feet below.
Here and there strong ropes hang loosely down from
the top ; and you see the men catch hold of these,
and steady themselves along the rock-face by their
means, whilst they follow their work. A score or
two of men are busily engaged in boring holes in the
rock, each hanging in this perilous manner. Sud-
denly a loud and shrill whistle is heard. This is a
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signal that the blasts are about to take place, and
that the slow fuse is being fired. Instantly, and as
if by magic, the quarrymen run along the rock as if
they were spiders,—catching hold of one rope after
another, like the monkeys in the Zoological Gardens,
—each man hiding in some prepared nook or cranny.
We are hastily hurried away by the overseer, and
not even allowed to peep round the corner; for the
fragments of hard slate, when blasted, will fly off in
every direction, like so much canister-shot. We wait
in the tunnel in breathless silence and expectation ;
and the few seconds which elapse before the shot is
fired seem quite an age. At length it comes, turning
us momentarily deaf, so that we hardly hear the
crashing fall of the dissevered rock-masses, or the
rolling echoes which follow each other along the
mountain-side. Perhaps two or three blasts succeed
each other ; for these are generally arranged to come
off together, in order to save time, When they are
over, you see the men swarming forth out of their
hiding-places like so many bees, and toiling away
again as if nothing had happened! In spite of all
the precautions which are taken, and they are both
numerous and effective, some shocking accidents often
occur in these slate quarries, but generally through
the carelessness or rashness of the men themselves.
The quarrymen engaged in such workings as
these have usually to come a great distance ; hence

you see no houses about, except a few sheds erected
H



98 NATURE'S BYEPATHS.

perhaps by the single men, who prefer to live in
them from Monday to Saturday to going home great
distances. Although their dangerous calling is apt
to induce the callousness peculiar to men like colliers
and sailors, who pass the greater part of their lives
in great peril, the slate quarrymen are, as a rule, a
very religious body. Calvinistic Methodism is the
denomination they usually affect; and you see their
neat and unattractive chapels in every village you
pass through, with its name inscribed perhaps in
English and Welsh. Round about it the “rude
forefathers of the hamlet sleep ;” and at the heads
of the graves stands a slate slab, recording in Welsh
the virtues of the deceased. The village schools are
generally attached to these chapels; and perhaps
you are passing one such when the youngsters are
issuing forth to play. Sidney Smith said, when he
was in France he was most struck with the ease with
which the children spoke French! The same thing
strikes you of these Welsh infants; for they are gesti-
culating, and pouring forth torrents of unintelligible
jargon, not one word of which can you understand.
In the large quarries, such as those at Festiniog,
Llanberis, and Bangor, a different style of working is
carried on from that above described. Here so many
men are employed that it requires no small degree
of engineering skill to so direct their operations as
to make them most effective. The slate rock, when
the strata are thick enough, is usually worked in huge
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terraces, each terrace being about fifty feet above the
other, so that frequently the upper terrace will be
five hundred feet above the lower. Flights of steps
communicate with all these, from the bottom to the
top. On each terrace there are laid iron rails for the
wagons to run upon. These are of two kinds: one
for carrying away the slates, and the other the refuse.
The latter are capable of being tilted, so as to enable
them readily to discharge their cargo. As you stand
below such a slate quarry, say as that at Llanberis,
you cannot but admire the scene. Before you is the
picturesque lake, five or six hundred feet deep, which
our best geologists state had its rock-basin deepened,
if not actually hollowed out, by glacier action during
the period of the Northern Drift, and when these
mountains were covered with ice and snow like the
flanks of the Alps. On the other side the lake is a
huge hillock of slate refuse, as big as many a hill we
have seen elsewhere dignified with a Celtic name,
Unfortunately this heap is slowly encroaching on the
lake ; and though it will take a long time to fill the
latter up, it is undoubtedly interfering with its beauty.
On the terraces the workmen swarm like ants; for
there are about two thousand of them altogether,
men and boys. From the point where you stand,
near the old Welsh castle of Dolbadarn, a little geo-
logical knowledge will indicate to you how violently
this part of the country suffered from volcanic action
during the Cambrian epoch, although these huge
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mountains and deep valleys are not due to upheaval,
as we shall presently show. The volcanic forces just
mentioned were in operation when these slate rocks
were forming, as so much fine mud, along the bottom
of the ancient Cambrian Sea. Then ensued volcanic
outbursts from submarine vents, and then it was that
these layers of igneous rock and ashes were ejected,
to roll and spread over the sea-floor.

At Festiniog there are several extensive slate
quarries, the principal .of which is that known as the
“ Palmerston ” quarry. As a rule, the larger of these
various quarries are worked into the solid rock in a
horse-shoe form, all the terraces being thus worked
together. The numbers of new houses, and the
apparent air of prosperity everywhere seen at Fes-
tiniog, at -once indicate to the visitor the number of
people here employed. They are, of course, chiefly
Welsh ; and one incident struck us wery imnuch whilst
staying at an hotel here. The evening was terribly
wet, too wet to go out; and the time hung heavily
on our hands. A large company had gathered in
the smoke-room, principally of the slate quarrymen ;
and these were being entertained by performances
on the Welsh harp. One man, whose mobile face
vividly showed the slightest feeling that crossed his
mind, was singing in Welsh,—or rather, was chant-
ing or intoning some lengthy lay. “The whole com-
pany looked on with much interest, and presently
this increased to real excitement, so that every now
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and then the vocalist was interrupted by their re-
peated cries of applause or indignation. The singer
himself grew intensely excited, his eyes were starting,
his mouth almost foamed : and as if the strong ex-
pressions of his face were not able to help. him to
deliver himself of his ideas, his hands violently
gesticulated, and his whole body quivered with
emotion from head to foot. We never saw a sight
like it before ; it was as if one of the ancient bards
had risen from the dead to go through his per-
formances in a modern hotel! We observed that
his voice rose and fell in cadences; and that at
regular poetical intervals, alliteration was employed
instead of rhyme. On inquiry as to the subject-
matter of the entertainment, we found it was exfem-
poraneous ; that the singer had been including all the
events of the town and the proceedings at the slate
quarry ; and that his recitative had been composed
as he proceeded. It was one of the most marvellous
“restorations” of the ancient bards—of the first
birth of poetry, when poetical feet was all that was
required—that ever we listened to; and it was all
the more interesting because the vocalist was an
ignorant man, unable to speak English, who had un-
consciously resting on his shoulders the garment of
the ancient British bards !

The slate quarries at Penrhyn, near Bangor, have
already been described. The guide-books are not
wrong in including them among the “sights” of
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North Wales. More than two thousand people are
employed in them, and have been for many years,
for these are the oldest slate quarries in Wales. It
is in consequence of the long time they have been
worked that their appearance is so very impressive :
huge precipices, disused terraces, hills of loose refuse,
—all these surroundings speak volumes of the human
labour which has been here expended. ¢ Piece-
work ” is the system of labour usually employed in
the largest quarries ; that is, the principle of paying
the men so much for the work done. Good wages
are therefore earned by all employed ; and the in-
dustry displayed, and the intensely busy appearance
of the workmen in such quarries, are quite striking.
They have no time to look at a visitor, no time to
make remarks to each other, for these would be at
their own expense! The principle of division of
labour is very perfectly carried on, from the blasting
and bringing down of the rock-masses, to their sub-
sequent splitting up and finishing off into “ queens,”
“ duchesses,” and “ countesses,” etc., such being the
high and mighty titles under which the different
sizes of finished slates are known to the trade.

At Festiniog the celebrated Port Madoc diminu-
tive railway runs right up to the quarries, and carries
away thence the wrought material, for shipping to
every part of the world. And a comical sight this rail-
way appears, to our cockney eyes, with rail-tracks two
feet six inches wide, and carriages on whose roof you
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could sit and almost dangle your legs over each side !
This line, nevertheless, is said to pay the best of any
in the kingdom. It crosses the ridge of high hills,
its small but pretty locomotives looking like the
young of the huge monsters we see on the usual
English railways. Here and there you note a
narrow line running down the steepest part of the
mountain-side. This is for the purpose of letting
the laden slate wagons down on the regular railway,
which is done by means of a stationary engine. A
train of such wagons rushes down the steep incline
as if an accident had occurred ; but it stops at
the bottom as quietly as a butterfly alighting.

No better idea of Welsh scenery, of its geology
and physical geography, can be seen than lies on the
road from Bedgellert to Llanberis, by the way across
Snowdon. Indeed the scenery along this route is
among the very finest. Grand, cloud-topped moun-
tains rise bluely on every side, their riven sides gaunt
with the rocky ribs which stick out. In the valley
where the village of Bedgellert stands, the bright
river sparkles as it dashes rapidly over the stones;
and the rich meadows are covered here and there
with bosky woods, whose soft picturesqueness causes
the neighbouring mountain scenery to look more
grandly rugged than ever. After passing by the
fine old bridge, you take the road leading to Capel
Curig, which you follow a short distance before you
turn off to begin the ascent of the Snowdonian
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range. We will not stop to describe it,—everybody
has done that, more or less, who has been in North
Wales ; and each has imagined that nobody had
such a climb as himself. But only one pen has
done justice to the noble majesty of Snowdonian
scenery—that of Charles Kingsley, in his 7wo Vears
Ago. The genial Canon was an ardent lover of
Welsh scenery, and he always wrote about it like a
man who had felt its awe-inspiring power.

We toil up one acclivity after another in the vain
hope it is the last peak, instead of which it is only
to show us one higher still. The tediousness of the
slow climb is beguiled by the objects we presently
come across,—Arctic plants, such as Saxifraga stel-
laris, Rhodiola, etc., isolated from their natural home,
and growing on these mountain-sides to tell of the
physical changes which have taken place in Great
Britain since the Glacial period. Here and there, in
the damper clefts of the rocks, grows the pretty little
parsley fern. The rocks themselves are, in many
places, full of fossils, or rather of the natural casss
and impressions of fossils,—remains of some of the
oldest organisms that peopled the earliest seas of
the globe. The mountain mists now begin to gather
thickly, and we are climbing amid what is really a
dense cloud. But the wind is tolerably high, and
every now and then it tears part of it away as if it
were tissue-paper, and gives us a glimpse of the dis-
tant landscape. What a scene! Mountain rises
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behind mountain in billowy wildness, and dark tarns
lie at their bases or fill up the yet deeper slopes of
the valleys. There they reflect the subdued light,
and the mountain-peaks see themselves ruggedly
mirrored. How difficult it is to realise the fact, that
the smaterial of which this grand scenery is com-
posed was once deposited as marine mud along the
bottoms of primaval seas,—that the very impres-
sions of shells we see in the rocks are the eloquent,
though silent, remains of the ancient creatures which
lived in those primitive oceans! This Welsh scenery
is among the oldest in the world,—older, by whole
geological periods, than the Alps, Pyrenees, Hima-
layas, or Andes. Its character is due, #nof fo wp-
feaval, as so many people hastily assume without
having examined the district a day, but to the alter-
nate occurrence of harder and softer beds of rocks.
In the long ages during which these rocks have been
exposed to atmospherical wear-and-tear, the softer
parts have been eaten out ; hence the Welsh valleys
always occur where the softer rock crops out. The
mountain scenery of the Snowdonian district has
been carved by the hand of time, with no other tools
than the same agencies of the weather we still see
going on around us, The last touch of the tool that
produced the most decided scenic effect, was during
the geological period immediately antecedent to the
present, and which is known as the “Glacial epoch.”
An Arctic winter then reigned over what is now
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Great Britain,—for how many thousands of years we
dare not say ; and then it was that these mountains
and valleys were wrapped in ice and snow. You
cannot stir in this district, if you have a geological
eye, without seeing as ample traces of ancient
moraines, “ muttoned ” (or rounded) rocks, ice-scratch-
ings, etc, as if you were observing the existing
glacial phenomena of Switzerland. Most of the
Welsh lakes owe their origin entirely to these ancient
glaciers, which here scooped out the solid rock by
their mechanical movement, often to an immense
depth ; or else banked up a valley with morainic
matter. In most of these lakes, also, there may be
found, still living, fresh-water fishes only to be met
with in similar glacial lakes in Scotland, Switzerland,
Norway, and elsewhere.

At length we reach the wondrous summit, and
commence the descent to Pen-y-Ghent. The com-
fortable inn at the latter place is reached in the
evening, and the cheerful and welcome fire enables
us and other mountaineers to dry our clothes, previous
to walking down the Pass of Llanberis. Truly, a
wonderful place this pass,—looking as if the rocks
had been rent in a zigzag fashion. And yet we
know that it is only a natural fissure, #of formed by
volcanic agency, as one is apt to imagine on first
beholding it, but due probably to a simple crack first
caused by the consolidation of the strata, and then
worn wider and wider by ordinary atmospherical
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ing away in a south-easterly direction are so very
unlovely. Dudley Castle looks down from its woody
heights on a night scene more strange and weird
than any that could be selected elsewhere in Eng-
land. And yet this is classic ground to the young
geologist ; for these limestone rocks are crowded
with upper Silurian fossils so thickly that you cannot
place your finger’s tip on the surface of a slab with-
out covering or touching some ancient form of life !
The rocks rise at a steep angle, and are so hard
that very little vegetation can gain a foothold. At
their base lie the Coal measures, wrapping round the
hilly ridge, and containing that wonderful seam of
coal, thirty feet in thickness, which has transformed
this region into one of the busiest in Great Britain.
The fossils standing out in bold and beautiful relief
on the limestone slabs of the “ Wren's Nest” tell
plainly of ancient marine conditions, when coral-
reefs studded ancient seas, and forgotton types of
marine life did similar work to that now performed
by modern organisms. What a contrast between
those ancient and silent conditions, long ere man
was created, and the present, when he is stamping
his presence so distinctly on everything around him !

Just about the period when oral passes into
written history, we obtain occasional glimpses of a
very different state of things in this district from those
we now meet with, We have knowledge of ancient
forests, older than the days of the Silures and
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Brigantes, clothing the wide area of the “Black
Country,” in which roamed wolves, wild boars, and
bears, that were hunted by aboriginal tribes hardly
less savage. Subsequently these ancient forests
were cut down and burnt for charcoal, in the days
when coal was unknown. The region was rich in
iron ore, and the charcoal was used for smelting it.
This roundabout process took place notwithstanding
that the thickest coal-seam in England—that techni-
cally known among miners as the “ten-yard coal”—
actually cropped up to the daylight, in the very centre
of the region where the ancient forest grew.

A visitor, fresh from and fond of the country,
longs, like the hart for the water-brooks, to get
away from the naked, treeless “ Black Country” to
shady lanes and purling brooks. But it is a country
where “a good deal of money is made ;” and there
are some who believe that if such news went forth
of a country blacker still, there would be a migration
thither before long! Every step one takes in the
“ Black Country ” almost painfully impresses us with
a sense of the enormous wealth, in the shape of
invested capital, there represented. Nowhere else
have we seen human life and labour so apparently
subordinated to money-getting. It would almost
appear as if this were the great end of life, and that
human existence was formed solely with a reference
to it! In this locality, in the day time, when the
summer sky would be clearest and bluest elsewhere,
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a curtain of black smoke, often very dense, is drawn
across the sky. From this curtain there are con-
stantly being rained down minute “ blacks,” which get
into one’s eyes and irritate them most unpleasantly.
The “Black Country” is very flat away from the
hilly region, and it appears crowded with forests of
tall and tapering black chimneys, and with equally
black iron furnaces, whose shapes remind you of
huge cpera-glasses. Lines of railway run in every
direction, and so intersect each other that from a
balloon the land must look as if matted with an
enormous spider’s web. Canals, of a date anterior
to that of railways, and which were the first expres-
sions of a felt want of locomotion, wind to and fro,
the water in them being of the consistency of burnt
pea-soup. The grunting of stationary engines, the
puffs and shrieks of locomotives, the clanking of iron
pulleys and chains at the coal-mines on every hand,
fill the atmosphere with a loud and most unmusical
chorus. In spite of the vast wealth and enterprise
manifest in the “ Black Country,” a few of the coal-
mines bear a very antiquated appearance. Their
machinery is of the oldest, and you see the ropes
being slowly wound up, perhaps by horses, on a huge
horizontal wooden pulley or drum. Of course there
are many collieries in which the coal is worked with
the most elaborate machinery, and on the best scien-
tific principles. Some of the smaller pits, perhaps,
are owned by working men, and are wrought on the
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~ co-operative principle. Hence both time and labour
are often much wasted for want of capital to supply
more elaborate machinery.

All under the “ Black Country,” or nearly so, the
“ten-yard coal” extends, or rather jormerly did.
As its name implies, this vast seam is thirty feet in
thickness. Here and there thin seams of shale, or
bad coal, run irregularly through the mass ; but the
whole is usually worked together. The estimated
workable area in the neighbourhood of Dudley is
65,000 acres; but there can be little doubt this
computation is far below the mark. This coal-field
generally goes by the name of the “ South Stafford-
shire.” Besides the “ten-yard coal,” there are no
fewer than ten other seams of the same precious
mineral underlying the one we have been describing.
These seams lie very near together, so that the
deepest shaft rarely exceeds 800 feet,—not much
more than a third of the depth to which some of the
Lancashire coal mines go down. Among the most
valuable of the different varieties of coal obtained
near Dudley, that called cannel (derived from the
word “candle,” on account of splints being used for
lighting) is the most esteemed. What a vast mass
of ancient vegetation is represented by these coal-
seams! For, when uncompressed, the ancient vege-
tation must have represented a thickness of deposit
compared with which the “ten-yard coal” is very
small. And yet everywhere we have evidences of
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slow deposition,— of similar physical conditions
existing to those which the geographer can still
point to. Poor Hugh Miller, speaking of this same
“ Black Country” coal-field, says, “In a colliery
near Wolverhampton the bottom coal rises to view ;
and where the surface has been cleared of its alluvial
covering, it presents the appearance of a moor on
which a full-grown firwood had been cut down a few
months before, and only left the stumps behind.
Stump rises behind stump to the number of seventy-
three in all ; the thickly-clinging roots strike out on
every side into what seems to have been a vegetable
mould, but now exists as an indurated shale. Many
trunks, sorely flattened, lie recumbent on the coal ;
several are full thirty feet in length, while some of
the larger stumps measure rather more than two feet
in diameter. There lie thick around Sigillaria,
Lepidodendra, Calamites, and fragments of Ulodendra
and yet with all the assistance which these lent, the
seam of coal formed by this ancient forest does not
exceed five inches in thickness! Not a few of the
stumps in this area are evidently water-worn. The
prostrate forest has been submerged, and molluscs
lived, and fishes swam over it. This upper forest is
underlaid by a second, and even by a third ; we find
these full-grown forests, closely packed in a depth
of not more than twelve feet !”

The great thickness of the “ten-yard coal” neces-

sitates quite a different kind of coal-mining from what
I
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is usually known elsewhere. Indeed, we may roughly
divide our English colliers into two great classes,—
those who have been accustomed to work thick coal-
seams, and those used to thin ones. As quite dif-
ferent methods of working are required for these
extremes, it is often a difficult thing indeed to get a
collier who has been brought up to thick coal-seam
working, to mine in a thin one, and vice versd. Not
unfrequently, also, the two classes of colliers entertain
a foolish prejudice against each other,—a prejudice
which is perhaps as well grounded as many others !
In the “Black Country” area (including Wolver-
hampton) the “ten-yard coal” has been worked for
many years, and as a necessary result, the overlying
rocks have gradually settled down over the excavated
area, This is always the case with coal-working, no
matter how thin the bed may be. Even when
working the coal, the ground “creeps,” that is, the
upper rocks slowly belly down, while the nether rocks
as slowly crumple up. In working coal, especially
in thick seams, huge pillars of the valuable mineral
are left at short distances to support the roof; and
so great is the pressure on these, that between them
you may see the roofs bellying down, whilst the rising
of the “floor” is due to the pressure exerted on it
by the pillars. By and by the roof and floor will
meet, and the hollow left by the worked-out coal,
however vast, will be filled up. It is usual, when
all the available coal has been worked out of a thick
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seam, to finish up by removing the coaly pillars left
to support the roof. This, as will be easily imagined,
is a work of no small danger. Beginning at the
most distant end of the mine, the pillars of coal are
removed, and old timber is made to replace them.
The cracking and creaking noises made at such time
are something awful, and would terrify a person out
of his wits who had not been accustomed to danger-
ous work of this kind.

In consequence of the ground sinking in the
manner above described over the excavated coal-
seams, the upper surface is very much affected. The
level of the water in the canals which intersect the
country is constantly being altered, and the banks
have to be continually built up to hold in the fluid
which goes by that name. So frequently have these
banks been raised, that in some places the water is
fifteen or twenty feet in depth. But the most
apparent effect of the settling of the ground over the
emptied coal-seams is to be seen in the houses and
chimneys of this densely populated district. On
seeing them for the first time, you are almost inclined
to believe that an earthquake has been doing its
best to shake the whole lot down. * Tall chimneys
lean threateningly on one side, or are curved in a
most comical dog-legged fashion. Single cottages,
especially if they are old, that is, if they have been
built twenty or thirty years, are shored up with stout
timbers, either in front or at their gable ends. There
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is no particular order in this leaning, which adds
considerably to the confusion. Some houses seem
to be making up their minds to come down front-
ways, others are slowly falling on their rear-ends,
whilst not a few are going sideways, like so many
drunken crabs. Huge cracks traverse the walls from
roof to floor, and then pass into the ground beneath.
Not unfrequently during the night a row of cottages
will settle down so that all the doors are wedged
fast, and the only possible exit is by the windows
Meantime, the public roads are black with coal-dust,
and the constant traffic renders it impossible to keep
them long in decent repair. A most ludicrous sight
it is to see the linen on a washing-day, hung out as
if it were set as traps to catch the largest possible
number of the “blacks” which are settling down so
tast!

But to see the “ Black Country ” with the greatest
effect, you should pass through it at night, when
“trade ” is extra good. It is then a fit subject for
the pencil of Gustave Doré,—Ilooking like some
scene from Pandemonium ! The opera-glass-like
furnaces are belching out long angular flames from
their summits, and hundreds of them may be seen
blazing away at the same time, so that the red glare
of the sky is seen by the railway traveller for miles
before he reaches the scene where the iron-smelt-
ing is actually taking place. The bases of these
furnaces are constructed to allow the molten metal
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to be drawn off, and in front of the lurid light
which streams forth, the busy, perspiring workers,
look like the fabled gnomes of Arabian story. It is
quite a Rembrandtesque scene,—with vivid lights and
shades, such as no artist durst attempt in a picture,
for fear of being esteemed unpractical and unreal.
As the railway train dashes you along, you cannot
help putting your head half out of the carriage win-
dow to gaze on the weird scene stretching away to
the farthest horizon. Flames are shooting up, in
couples, from a hundred furnaces at least ; and again
as suddenly settle down to darkness. The roar of
the flames combines in a not unmusical chorus, in
which shrill whistles of the busy engines mix at
times with a peculiar effect. The white, green, and
red lamps of the numerous signal posts belonging to
the various branches of railway which so frequently
intersect each other, look almost like the streets of a
strange and un-English town.

It is a famous country for “King Iron,”—no
other tract is so favourably situated for reducing
iron-ore. The coal is at hand, in the very thickest
of seams, the limestone is abundant with which to
flux the rough ore, and the district is so thickly
populated that there is no lack of labour. In the
day-time you see that every furnace has in its neigh-
bourhood a huge hillock of slag, cast in shapes, like
the loaves baked in tins to be seen in our bakers’
shops. Along the highways, as you walk or drive,
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there lie heaps of these slag-castings, ready to be
broken up for the purpose of mending the roads.
And capital road-metal they make, as any one can
testify who has travelled in these parts, notwith-
standing the immense wear-and-tear to which the
roads are necessarily subjected. This slag is a sili-
cate, and therefore resembles melted glass.

The part of the “Black Country” where iron-
working is most actively carried on is at Bilston.
Here there are no fewer than seven seams of Iron-
stone, all of which go by technical names given to
them by the miners. Many of them are not more
than five or six inches in thickness, and are of the
kind known as clay or Azgillaceous ironstone. Two
of the seams or bands are thicker and more valuable
than the rest. All these workable bands lie beneath
the “ten-yard coal” The wusual method, for
economy’s sake, whenever practicable, is to work
two or more seams together. Material is left to
support the roof, much in the same manner as has
been already described in coal-mining. The pits
where the iron is worked have often a crazy and
antiquated look ; and the men about the surface,
with their blue eyes and flaxen hair, tell you plainly
of uninterrupted Saxon descent. They gaze on a
stranger with a peculiar stolidity, and express their
opinions of him to one another audibly, as if he were
deaf or absent. Sometimes these opinions are far
from flattering, for the most peculiar points, to them,
are those first seized upon for criticism,
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After you have inspected the nodules of ironstone
brought up from below, and perhaps broken one or
two open, to find inside the frond of a fossil fern,
beautifully preserved, which ages ago served as a
nucleus around which the ochreous matter gathered,
you express a wish to survey the interior of an iron-
mine. There will not be much difficulty experienced
in obtaining permission, for the adage is true here,
Jacile descensus, etc.  You get into a squarish wagon,
and balance yourself against one of the workmen,
clinging to the iron chain, and with one leg hanging
loose in the deep shaft down which you will have to
descend. As you are slowly lowered, the ram-shackly
old cage swings to and fro like a pendulum, and you
use one hand to prevent yourself being too rudely
dashed against the side of the pit. At length the
bottom is reached, and you are set free from this
danger, and at liberty to indulge your curiosity.
The general engineering arrangement recalls vividly
that of an ordinary coal-mine. Here, however, there
is no danger from noxious gases, and you are not
oppressed by the dry sultry heat which so distressed
you in the coal-mine. Consequently you take little
heed of the fact that the place is a good deal wetter
and dirtier, for you are protected against these by
the flannel trousers you pulled over your own, and
the long jacket you drew over your coat, in the little
hut above-ground. You gradually make your way
to where the men are at work, each one lying on
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his side, and deftly striking in front of him with his
pick, removing the ironstone nodules and the clay in
which they are imbedded at the same time. But if
the iron-mines are safer from dangerous gases than
collieries, they make up for this in the dangerous
“roofs ” left, which not unfrequently come down in
great masses, and bury the poor workers alive, and
perhaps beyond the hope of recovery. If you know
this, you naturally regard every bellying down of the
roof you pass or creep under, with great suspicion,
whilst every sound louder and more unaccountable
than usual, you listen to, fearing lest some part has
fallen and cut away your connection with the mouth
of the shaft, and therefore from the living world.
One cannot but deplore the too numerous miser-
able surroundings of the “ Black Country” colliers
and iron-workers. True, they are rapidly improving,
but they are still far from what they should be in a
country avowedly the most Christian in the world !
These surroundings cannot fail to have a deleterious
effect on their moral and social character, When
houses so soon get dirty, the women become dis-
heartened, and by and by give up all attempts to
keep them clean, And the creaky, unstable ground
soon makes the outsides of the houses look quite as
bad as the insides. Meantime, the grimy, smoky
atmosphere kills off all the shrubs and trees, and so
renders gardening impossible. Hence there is no
healthy recreation at hand for the leisure hours which
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have been multiplying since the short-time movement
set in, Dirty homes soon get supplemented by un-
cleanly wives and disorderly children, and, too often,
brutal brawling takes the place where home affections
ought to flourish! In fact, “home,” under such cir-
cumstances, becomes merely a place to sleep in, and
hence it is that the public- and beer-houses get
peopled so thickly. The vast numbers, and frequently
tawdry ornamentation of these houses in the “ Black
Country,” affect one painfully, and we cannot but
feel that an action and reaction of this kind must
keep these hard-working and otherwise honest people
in a state of vicious ignorance. For want of a
natural and healthy recreation, both colliers and
iron-workers keep numbers of dogs, generally for
fighting or running purposes,—both of them bar-
barous engagements. But the dangerous work and
strong natures of the people hereabouts cause them
to like everything equally strong. The “Black
Country,” therefore, is the home where the best bull-
terriers and prize-fighters (human) are bred and reared
and trained ; and where religious inclinations turn
towards the “ Ranter,” or Primitive Methodist form.
To hear a “ Revival ” service in one of these Metho-
dist chapels would somewhat startle the sthetic
decorum of Ritualists, but there cannot be a doubt
as to the sincerity displayed. Nor can the power of
a religion be gainsaid, which can thus transform rude
men into genuine, if noisy, Christians, and convert
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them into good members of society. And the tales
of self-devotion of many of these altered men, under
circumstances of suffering and death such as are
only to be met with in this district, are too numerous
for even reference to be made to them. The best
test of the sincerity of the “converts” is that their
old, and still brutalised companions will respect it ;
and, not unfrequently, will be led by their altered lives
to adopt that which has wrought so great a change.



CHAPTER X

A NATURALIST ON THE TRAMP (No. IV))

EVER had our toilers under-
ground received such atten-
tion as that paid to them
and their doings just before
the outbreak of the Russo-
Turkish war. England sud-
denly roused herself to in-
quire further about the
people at whose mercy, on
whose indolence or industry,
she is told she so largely
depends, Our first-class
journals sent out “ Special
Commissioners”’ to report
on their habits, their man-
ners and customs, as if they were inhabitants of
Borrioboolah Gha! OQur illustrated papers com-
missioned their best artists to sketch the British
collier and his surroundings. It is evident from all
this that, as regards the collier, one half the world
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doesn't know how the other half lives. But even
the hardihood of journalists seems to have stopped
short at going down the coal mines, and seeing the
colliers actually at work. Perhaps they felt like
the Oldham weaver, who remarked that “he didn’t
care how high he went up, or how low he went
down, so that he had one foot on the ground!”
We purpose, therefore, by deputy, to take the reader
to a scene of “real life” more than a third of a
mile below the surface.

Strangers coming from fresh and breezy country
places are not long before they notice an atmo-
spherical difference in the smoky air of the “coal
districts.” Within seven miles of Manchester is
situated the colliery to whose underground work-
ings we are about to descend. It is known as one
of the deepest coal-pits in England; and the
machinery for working it, and the general engineer-
ing management, as being among the most finished
and perfect. We could not select a place, outside
the “ Black Country ” proper, where human industry
is more painfully apparent. The blue sky peeps
out in patches through a murky curtain of smoke,
contributed not only by the chimneys of this and
adjacent collieries, but by those of thousands of
factories and manufactories as well. The high roads
are black with the traffic of the coal-carts ; and, in
dry weather, the wind sweeps along them, driving
before it a suffocating cloud of impalpable coal dust.
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In wet weather you have to make your way along
a slush that reminds you of Day and Martin’s black-
ing! The horizon is obscured by huge hillocks of
colliery refuse, which dot the surface of the country,
and may be seen wherever a coal mine has been
started. Many of them remain to tell of shafts no
longer worked, and these are perhaps covered with
a thin growth of vegetation, nature having kindly
endeavoured to hide the disfigurements which man
is continually making on her surface, These
hillocks represent the waste material which has been
removed, deep down below, in the ordinary course
of working the coal seam. It is derived chiefly
from that part which overlies the coal, and which is
technically called the “roof.” Rare places are these
hillocks for the young geologist, especially if he
work them when the rubbish has been recently
brought up to the surface. For, unless he take
advantage of that opportunity, the wet and dry
weather will soon render any observation unneces-
sary, The shale which principally composes such
hillocks is very sensitive to atmospherical influence,
and falls away, or crumbles, in a few days after
being brought to the surface ; soon becoming a heap
of structureless material. But should you go and
turn over the newly brought up loads, you will be
sure to meet with a perfect harvest of fossil ferns
and other plants ; fossil fishes, shells, etc., of whose

geological antiquity the depth from which they came
forbids any doubt.
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On the tops of many of these elevated banks
you see rising the gaunt skeletons of strong wood-
work, supporting pulleys. This is the pit's head,
and over the pulleys above runs the iron rope, which
is unrolled from the “big drum” in the engine-
house close by, down the chasm of the shaft. We
ascend one of these hillocks, a feat of no small diffi-
culty sometimes, unless you make your way by the
cart-road, for the loose blocks and crumbling shale
render the foothold very precarious. Overhead, the
wire rope and chains are rattling in a most un-
musical and forbidding manner. The mouth of the
shaft is covered up by two strong sliding doors,
through which is an aperture for the rope to pass.
When these doors are drawn away, there opens at
your feet a wide black chasm, whose very sight
makes you shrink back involuntarily! This is the
mouth of the coal-pit, commonly called the “shaft.”
In all good pits there are two, one termed the “up-
cast,” and the other the “downcast shaft.” Were
it not for such an arrangement, any accident occur-
ring down this shaft would render the men below
prisoners until the obstacle could be removed.
Formerly, coal-pits were generally worked, for
cheapness sake, with only one shaft, and then such
accidents were liable as that which occurred about
twenty years ago, when more than a hundred colliers
were imprisoned in the bowels of the earth for
several days, through the only entrance to the work-
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ings being blocked up by an accident. Since
Government Inspectors of mines have been appointed,
the lives of brave and hard-working men are no
longer allowed to be sacrificed to the cupidity of a
few colliery proprietors. Another reason for two
shafts being required for a coal mine is the better
ventilation that can thus be given to the workings.
The fresh air goes down one shaft, is conducted to
every part of the mine by an ingenious arrangement
of pitched cloth, and then the exhausted air is
allowed to escape by the other shaft. Down the
first of these, the colliers descend to their daily toil.
Until the “short-time ” arrangement came into force,
these poor fellows only saw daylight once a week
during half the year! They had to descend in the
morning while it was still dark, and did not come
up until the evening, when the winter’s sun had run
its brief race, and darkness once more covered the
earth., The blessed Sunday came to them with a
twofold light, spiritual and physical.

A strange, independent race, our northern colliers
ever were. Half a dozen or more are loafing about
the pit's mouth now, with short pipes stuck in their
mouths, almost as black as their faces ; they eye you
very superciliously, and evidently are ignorant of the
art of “ hat-capping.” We will suppose, for the sake
of further exploring the ins and outs of a coal mine,
that we have an invitation to visit the workings, and
hold in our hands an introduction to the manager,

.
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or mining engineer. In that case we adjourn to the
scanty brick building close by, which is dignified by
the name of “office.” Some of these ©offices,”
however, are on a much grander scale of luxury,
and are fitted up according to the most approved
style of mercantile tastes. The walls are hung with
plans, and representations of the strata of the dis-
trict. The mantelpiece is.a little museum : here a
fossil shell, or fern; there a piece of spar, or rock;
fragments of the different beds passed through when
sinking the shaft. We make ourselves and our
errand known to the overseer, or manager, who im-
mediately shakes us more heartily by the hand than
we have been accustomed to,—by a hand too, that
if measured for gloves would not be fitted by any-
thing under “elevens!” We doff our black cloth
coats and silk hats, and fit on, as best we can, some
of the garments which are hanging from a long row
of pegs in the adjacent hall. The most important
article of our new toggery is the miner’s hat, made
as strong as cast-iron, to protect the head against
the stones and fragments of rock, which, at the
bottom of the shaft, sometimes come down like hail.
Were it not for these hats, and for the thick skulls
of their ordinary wearers, many a collier's head
would get cracked by the missiles just mentioned.
The rough coat you have now replaced your own
with is of flannel, with many a stain on it, telling
of its former experience. Your trousers are either
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encased in “overalls,” or rolled up and thrust into what
we may call a kind of fishing-boots. So far as your
person is concerned, you are quite ready for your
explorations, and a piece of tallow candle completes
your outfit. This is often stuck in the front of the
hat, so as to save the trouble of carrying it.

We proceed towards the mouth of the shaft.
The “cage,” as it is called, in which the colliers de-
scend to their work, has been hauled up, and now
rests on the closed sliding-doors covering the mouth
of the shaft. Into this we enter, our guide going
first. The signal is then given, and immediately
the large drum begins to revolve, the iron-rope
is strained, and the cage ascends too unpleasantly
near the pulleys of the pit-head. But this slight
ascent is only made in order that the doors over
the shaft's mouth may be drawn away. This is
done,—a second’s pause, hardly that, and you feel
you are sinking. Down you drop, as by the force
of gravity, past the doors, and into that terrible
chasm! You clutch the hand-railing of the cage
with nervous excitement, whilst your feet feel as if
they were standing on nothing. Above your head
the daylight is getting fainter and fainter, and the
opening of the pit’s mouth diminishes into a smaller
point until it seems to go out like a star, and you
are left in thick darkness! The sliding of the cage
downwards makes a hissing noise like the slow draw-

ing of the cork of a soda-water bottle. What a
K



130 NATURE'S BYEPATHS.

time you seem to be sinking! All sorts of ideas as
to what may occur cross your mind with terrible
vividness. You are hanging in a deep hole, more
than a quarter of a mile in depth, and your life
depends upon the rope that is letting you down!
What if it were to snap,—it is certain it cannot last
for ever, and equally so that if it goes on being
used it will snap some time! How long has it been
in use? Did the manager think it “ might run a
little time longer” when it was last examined ?
These wonders are succeeding each other, and sug-
gesting each other, in the deep silence and the thick
darkness, when your guide quietly, as if he knew
what you were thinking about, draws your attention
to the bottom of the shaft. You look, and behold
the very faint glimmer of lights. Small and feeble
at first, they grow unnaturally larger, and whilst you
are watching them apparently increase in size; the
cage comes to a full stop, having alighted at the
bottom of the shaft as gently as if it had been a
falling feather, Men with naked lights, or candles,
approach and help you out, and there you are, at
the bottom of a coal pit, nearly two thousand feet
from the surface; a distance you have dropped in
about two minutes !

A dizzy sensation comes across you the moment
you get on Zerra firma, and for a second or two the
ground seems as if it were rising up before your eyes.
This feeling, however, soon passes away, and you
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look about at the strange world into which you
have entered, like the intruding mortals in the
“ Arabian Nights.” From every side of the great
hall at the bottom of the shaft (we can call it by no
other name) passages radiate in every direction, like
so many railway tunnels. FEach passage is arched
with brick, and the illusion of your being in a railway
tunnel is still further carried out by the line of iron
rails along the floor. On these run the little coal
wagons, called “trams,” drawn by good horses,
whose comfortable stabling, close by, is lighted with
cas. These poor animals, when once they descend
the shaft, rarely come up again unless to be put out
of the way. After a while they frequently get blind ;
but until they are useless they are stabled down here,
fed here, and doctored here, having bid an eternal
farewell to sunlight and green fields! You look into
one of the stables: it is cleanly littered, and has all
the appearance of a terrestrial stable, but it is much
closer and warmer.

The temperature at the bottom of a coal mine is
much higher than at the surface, for the heat has
been increasing one degree Fahrenheit for about
every sixty feet of our descent,—that being the
average increase from the surface of the earth towards
its interior. In very deep mines, therefore, the heat
is almost unendurable, and it forms an unworkable
limit to the development of such coal seams as are
situated deeper still. You perspire, and so do the
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colliers, as if you were in a Turkish bath. The gas
has been conveyed in pipes all the way down the
shaft, and is now carried along the main passages,
which are lighted up like large rooms. At the end
of one passage is the engine-house. You enter it,
and behold a beautifully cleaned and kept stationary
engine, whose duty it is to wind up the full trams
along the inclines which slope from this level to
where a still lower seam of coal is being worked.
The floor is carefully whitened, and everything
around you bears the appearance of an ordinary
well-kept engine-house above ground. The steam-
boilers are built into the solid rock, and their fur-
naces roar unnaturally every time they are fed with
fresh fuel, which is every two or three minutes. At
the “upcast shaft,” situated at the farther end of the
workings, another great furnace is kept going day
and night, for the purpose of rarefying the air in the
shaft, so that it may “draw” the exhausted air in
the workings upwards.

Passing along the lighted and bricked tunnels,
we frequently meet with half-naked, black, and heated
colliers, whose physiognomy it would greatly puzzle
you to identify afterwards. At length the gas-lights
get fewer, and as we proceed we are lighted only
by the tallow candles we carry. The passages are
now less finished and more rugged, until we come
to a point where we are summoned, as by a military
guard, to give up our lighted candles,—*naked
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lights,” as they are termed in mining phraseology.
The man is stationed there for the purpose of col-
lecting them, as beyond this the fire-gas, escaping
from the worked coal and mingling with the atmo-
sphere, renders naked lights very dangerous. Up to
where we have now arrived, it is too much mixed
with common air to be dangerous, the only effect
being felt as a severe headache by those unaccus-
tomed to breathing the mixture. Each one of the
party is supplied with a safety-lamp in place of
a candle. What a faint, sickly glare it gives,—
hardly enough to make the darkness visible! On
either side the solid coal is seen imbedded in the
rock, several feet in thickness. It has been worked
out where we have been passing along, and these are
the “walls” that are left to support the roof. Over
our heads stretches the black shale that formerly
overlaid the coal. It needs but little observation to
see that it is covered with innumerable beautiful
specimens of fossil ferns, which any museum would
be delighted to possess. Many of these ferns must
have been of immense size, for here are the fronds
several feet in length. Each pinnule shows the
venation and marking characteristic of its kind ; and
though it is untold ages since it waved in the ancient
Carboniferous forests, it is as beautifully preserved as
if it had been laid out and kept in a lady’s herbarium.
Close by, strangely crossing each other and co-
mingling, are the huge flattened trunks of trees,
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beautifully sculptured and marked, the stems of
gigantic club-mosses, such as Sigillaria, Lepidoden-
dron, etc., or of “horse-tails” (better known to geo-
logists as Calamites), that shot up amid the humid
flora of the Carboniferous period, scores of feet in
height. Here and there are nodules of ironstone,
and if you break them open, it is more than likely
that you will find some pinnule of fossil fern or shell
as a nucleus.

The shells (which chiefly belong to the genus
Anthracosia) are very abundantly scattered, and
strangely flattened, among the shale; and yet you
see how nearly they were related to the freshwater
bivalves which still love to hide in the muddy bottoms
of our rivers and ponds. What a strange history is
here stored away in the bowels of the earth, more
than a quarter of a mile from the surface! Still
stranger does it seem when we are told that the
whole of the quarter of a mile in thickness of rock,
through which we dropped on our way to the bottom
of the coal pit, was equally rich in the religuie of
former worlds. It is only when brought face to face
with facts of this kind, that one begins to appreciate
some of the marvellous generalisations of geology,
and of the physical changes through which our old
planet has passed.

As we proceed farther into the interior of the
mine, through narrow lanes where the solid coal has
been excavated, we see little doors opening through
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what appears to be the solid rock-wall, and hear the
roar of the currents of exhausted and fresh air on
the other side, making their way to and from the
different parts of the workings. The question of
ventilation is one of the most difficult in mining
engineering, especially if the area worked is exten-
sive ; and the resources put into use to further this
end are very ingenious. The difference in pressure
between the rarefied and fresh airs thus being inter-
changed, is so great that you find it impossible to
open one of these doors, unless the current on the
other side is first arrested.

At length we reach the farthest part of the mine,
the “goaf,” as it is technically called, where the
colliers are at work. What a strange sight it is to
see them. The dim light of the safety-lamps reveals
them lying in all positions, their only or chief cover-
ing being strong flannel drawers. The short, quick
strokes of the pick are accompanied by a plaintive
singing of Wesleyan hymn-tunes, for many of the
colliers are Primitive Methodists. =~ Others are
whistling, or bawling forth tunes of a more secular
character, or swearing. Little boys are going on all
fours, like so many Shetland ponies, drawing away
the coal that has been hewn, in small wagons. The
shiny coal lies before us in a thick sheet, and all the
fuel required to move the ponderous commerce of a
great nation like England is obtained by the dim
light of these little lamps. Here and there the
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light is increased by a lambent blue flame within. .
You ask what it 1s, and your nerves are not composed
by being told it is the much dreaded “fire-damp.”
Our guide calls our attention to a low, hissing sound,
not unlike that made by lemonade after being un-
corked. It is issuing out of the solid coal, and is the
fearful gas which becomes so explosive and inflam-
mable when mixed with a certain proportion of at-
mospherical air. The great end of mining ventilation
is not to allow it to accumulate, but to sweep it off
by a current of fresh air, as fast as it oozes out, to
the upcast shaft, where it is either consumed at the
furnace or hurried away. Any how it is got rid of.
The point at which we had to give up our candles,
already mentioned, is that beyond which the mixture
of air and fire-damp is most dangerous. Nearer the
mouth of the shaft by which we descended, the pre-
ponderance of fresh air so dilutes the gas that it is
harmless. It is not long before you discover that
this fearful enemy of the collier is quite safe when
the light is within the safety-lamp, although there is
only the thickness of wire gauze between us and a
terrible death. Science has stepped in like a guardian
angel, and provided a simple, and cheap, and thorough
protection against accident. This wire gauze, which
is almost red-hot by the flame within, lowers the
temperature so that the gas outside cannot be ignited.
It requires a temperature of a certain number of
degrees to produce an explosion, and so long as this
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is not present everything is quite safe. We are as
safe practically as in our own room, but it is a solemn
thought that there is only the thickness of this wiry
film between us and destruction.

Meantime, down come the blocks of glittering
fresh coals, which are dragged away by the “drawers”
as fast as they are hewn out, by sheer muscle and
sinew. Many an accident occurs to the brave fellows
through whose unenvied toil we are able to sit by
our cheerful fire. Sometimes a huge block of coal
and overlying rock will come down, and crush a
man to death. Often his own longing for a pipe of
tobacco will cause him to run the fearful risk of
picking the lock of his lamp in order to light it.
The collier is so used to danger that, like the sailor,
he becomes almost callous toit. All the men work-
ing in the dangerous parts of the mine are dependent
for their general safety upon the rashness or care-
lessness of any one of their mates. Another danger
is the common lot of all of them. Sometimes in
hewing out the solid coal, they will come on great
hollows, called “blowers,” full of fire-damp. When
these are tapped, out rushes the fatal gas, unchecked
by the ventilating current; and then, should the
explosive mixture extend to the naked light limit,
one fearful ring is heard, a great sheet of blue light
flashes simultaneously through every part of the
mine, and a more than Egyptian darkness succeeds.
The equally fatal “ black-damp ” rolls along the floor,
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and our coal mine becomes a subterranean sepulchre,
containing the mangled and unidentifiable bodies of
perhaps hundreds of men and boys. Such is a pic-
ture of what occurs nearly every year, when the dark
days of November crowd upon us, and the atmo-
spherical change favours the more rapid disengage-
ment of fire-damp from the coal seams. These
“blowers” may be as old as the coal itself, having
been caused by the contraction of the vegetable mass
as it passed into its present mineral condition. They
are fearful liabilities, and some seams of coal are
more threatened by them than others.

In following the course of a seam of coal, often
at an inclined angle, called its “dip,” miners will
come upon a “Fault” This word is applied to the
phenomenon of the coal coming to a sudden termina-
tion. These “faults” are always indicative of great
plutonic dislocations of the solid strata of the earth’s
crust, The rest of the coal seam thus missing may
- be hundreds, perhaps thousands, of feet above or
below the point where it has been broken off, and not
unfrequently a chasm several feet wide separates the
walls of solid rock that have thus been rent asunder.
Very often these “ faults ” serve as great natural drains
for the country above, and then, when reached and
broken into, they may flood the mine from end to
end, and drown the men. Sometimes they are filled
in with clay and rubble that have fallen down; at
others they are simply empty, dark chasms, stretching
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CHAPTER X

PHOSPHATES : THEIR ORIGIN AND USES.

® agricultural readers who
have “ eaten their terms” at
Cirencester need little in-
struction as to the uses and
circulation of phosphates in
organic nature. But there

'OUBTLESS many of our :

are scores of farmers with
no claim to a knowledge of
geology or chemistry who
are continually coming into
contact with vendors of arti-
ficial manures, in which
article phosphates form (or

should form) the most im-
portant ingredients. If such farmers don’t use phos-
phates themselves, their neighbours do. They hear of
them at the market and in the railway train, and are
surrounded by advertisements recording their wonder-
ful fertilising and stimulating properties everywhere. ,
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It is for such people that we venture upon the fol-
lowing remarks, which are intended to set forth the
real uses of phosphates in agricultural operations.

That this mineral performs very important func-
tions in the animal economy all physiologists are
agreed. As at present constructed, the power of
thinking which the brain of man possesses appears
to be somehow related to the quantity of phos-
phorus which enters into its material composition.
And as the increase takes place in human brain
power, it follows that foods containing the necessary
phosphates will be in increasing demand. But not
only is phosphorus necessary to the well-being of
the higher animals—it is scarcely less so to such
plants as the cereals and leguminous or podded-
plants, like peas and beans, and, indeed, to seeds in
general. By a peculiar natural selection, of which
we have no historical account, the vegetable food of
man has come to be composed of just those plants,
or parts of plants, which naturally contain most
phosphates, such as wheat, oats, rye, barley, maize,
peas, etc.

For some time back there has been a great neces-
sity for agriculturists obtaining from British soil as
much as they possibly can; and agricultural opera-
tions have been gradually rising to high-pressure
pitch in this respect. It will be our endeavour
shortly to show that the most fertile stimulants to
the producing powers of English soils are brought
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from other countries, so that the land in Great
Britain is getting very much mixed, and in time it
will be called “British soil” only as a figure of
speech! What is known as “manuring” is, after
all, only an endeavour to give back to the soil those
elements which have been taken from it in the sub-
stances of the crops. If they were not put back,
the soil would soon become barren. The richest
hoard placed in a bank will become less if it is con-
stantly drawn upon. The abundance of crops must,
therefore, in a great measure depend upon whether
the soils contain the necessary quantity of fertilisers.
When we remember the quantity of phosphates
which are taken out of our English soils by the
crops we raise, and that this process has been going
on for a thousand years, ever since the period of
Saxon occupation, it is evident that these soils must
have long ago had all their fertility drawn out of
them, unless much of it had been replaced by
manures. Some people seem to imagine there is a
peculiar mysterious fertility in “good muck.” But
“good muck ” means that the manure contains what
the soils in which we intend to work it really require.
Farmyard manures (the genuine and fondly-regarded
“muck” of the old British farmer) only contains
phosphates, etc., in a limited degree; but the “four-
course system ” has at any rate preserved our soils
from barrenness by prescribing what crops and man-
ures shall be used. And of late years no farmers,
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have more clearly seen the advantages to be de-
rived from the use of genuine “patent manures,”
or fertilisers more abundantly rich in nitrates and
phosphates than the best farmyard muck can pos-
sibly be, than the Scotch, Both natural and arti-
ficial manures have been used, as a rule, so ration-
ally, that the East Anglian soils are possibly more
fertile at the present time than at any previous
period in English history !

Soils may be said to possess two kinds of fertility—
their natural and their acguired fertility. The former
is that which the cultivator finds when he first comes
to till the virgin ground—the latter, or acquired
fertility, represents the amount of manurial wealth
which has been put into the soil. In Nature phos-
phorus never occurs in a pure state—it is always
combined, generally as phosphoric acid, with some
base. Itis present in mostigneous rocks, and volcanic
soils owe much of their exceeding high fertility
to the greater diffusion of phosphates among them.
In the flesh of animals phosphorus seemed to exist
as a phosphate of magnesia or potash; in bones as
a phosphate of lime. It is in the condition of phos-
phate of lime, however, that this important element
appears to be most acceptable both to animals and
plants.

We have said that phosphorus often occurs in a
combined state in Nature. That is true. There is
phosphorus enough and to spare. One of the chief
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difficulties for some time back in the iron manufac-
ture of Cleveland has been to get rid of the phos-
phorus which rendered the iron so “short,” or
brittle. In igneous rocks, such as granite, green
crystals of apatite, or phosphate of lime, frequently
occur. This is the purest condition in which it can
be naturally produced. In Canada there is a bed of
this valuable green apatife ten feet thick, the three
feet of the middle of the vein being nearly as chemi-
cally pure as it can be. In England the discovery
of phosphates in certain strata has opened out a new
industry and a new source of wealth. They occur,
in greater or less abundance, in nearly every geolo-
gical formation; although they have seldom been
worked at a profit except in the upper and lower
Greensand formations at Farnham, and in Bedford-
shire, Cambridgeshire, and West Norfolk, and at the
base of the Red-crag formation in Suffolk. In
Germany the phosphates occur as deposits, filling up
hollows and fissures in Devonian limestone rocks,
and it is not difficult to see how these valuable de-
posits of phosphate have thus been accumulated.
The limestone rocks are either now covered over with
a thick sheet of volcanic ashes, of much later geological
date, or they have been. The volcanic ash contains
about one-half per cent of phosphate, which has been
dissolved out by percolating water and carried down
into the hollows and caverns of the limestone rocks
beneath, often completely filling them up.
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The phosphate deposits of the South of France
(which we have already described) are both geologi-
cally and commercially of the greatest importance.
Indeed, from a geological point of view, we know of
none to be compared with them in interest. They
are also found filling up what had once been great
caverns and wide fissures in the Oolitic limestone
rocks. In many places we can see that the phos-
phate of lime (or phosphorite, as it is now scientifically
termed) has been deposited layer upon layer, like the
coats of an onion, upon the walls of ancient caverns,
until the latter have been completely filled up. This
phosphorite varies from 9o per cent nearest the lime-
stone to about 30 farther away towards the middle
of the “caves” The fossil bones and teeth found
associated with the phosphorite are well known to
geologists, who are able to tell the exact period at
which the animals to whom they formerly belonged
lived and moved and had their being. It was the
period known as the Miocene, when over this area of
France enormous herds of wild animals roamed and
left their skeletons to bleach upon the surface, just
as we read of the whitening skeletons of the bisons on
the prairies of An{erica. Now, the bones of animals
contain 55 per cent of phosphate of lime, so that
when the skeletons of these ancient animals were
exposed to the action of the weather century after
century during a prolonged period, the phosphate of

lime of their bones was gradually dissolved by rain
L
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water, which eventually found its way along chinks and
fissures of the limestone into the caverns, where the
phosphate was deposited. At times the bones them-
selves were carried down into the caverns, just as the
carcases of sheep now are in the “swallow holes” of
the Yorkshire moors. It is something after this
fashion that the rich and abundant deposits of phos-
phate in the South of France have been formed, and
thus it is that when we use them in our artificial
manure we are in reality utilising the bone-dust of
pre-Adamite animals!

The well-known Red-Crag phosphates of Suffolk
are scarcely less interesting to geologists than those
just described. They occur as lumps or nodules,
often enclosing fossils ; but, singularly enough, these
fossils are never those of the Red-Crag itself, but
always those of the much older London Clay forma-
tion. These Crag phosphatic nodules still go by the
name of coprolites, from an antiquated but erroneous
opinion that they are the fossil dung of animals.
Instead of this being their origin, however, we know
that they represent that portion of phosphorus which
has entered into the structures of the soff bodies of
those very animals whose hard parts, bones, shells,
etc., also occur in the fossil state—phosphoretted
hydrogen, set free from the decomposing bodies of
the animals which died in the sea, along whose floor
the London Clay was deposited. Phosphoric acid so
forming combined with lime, and in this manner the

ey e
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little lumps or nodules of phosphate of lime were
formed by segregation. After the same way the
flint nodules were formed in the chalk. The fossil
bones, teeth, and shells found in the Cambridgeshire
and Bedfordshire Greensand beds represent deri-
vative fossils from two or three subdivisions of the
Oolitic formation, and at present the origin of the so-
called Cambridgeshire “coprolites” is not exactly
known, although there is little doubt it was similar
to those of the Crag. We seldom meet with undis-
turbed and underived phosphatic nodules except in
clayey strata; hence in the Silurian, Carboniferous,
Liassic, Gault, London Clay, and other formations of
this nature, we invariably find phosphatic nodules.
When these clayey beds are destroyed by wear and
tear the nodules are liberated.

The fact that phosphates are formed as the result
of all kinds of animal life in every geological period
indicates their necessity in animal economy. On the
dry land, whatever phosphates may be present are
being slowly dissolved away. In virgin forests the
soluble minerals migrate from the soil up into
the tissues of the plants, and when the latter die the
same minerals are returned to the soil again. When
rocks contain phosphates, as they weather they yield
such phosphates to the soils formed by their waste.
During that last of the extensive geological periods
called the Glacial Epoch, just before man appeared
on the earth, all the hilly rock masses in the north,
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north-east, and north-west of Great Britain were much
broken up and pounded by ice-action, and the débris,
or materials, were strewn over the sea-floor. That
sea-floor is now North-Western, Midland, and Eastern
England, and the débris are the rich “heavy lands”
or “ Boulder Clays.” So far, therefore, we find ready
mixed to our hands a rich soil naturally containing
phosphate derived from the broken-up igneous rocks.

If we are to obtain rich crops of cereals, it can
only be done by enriching the soils which are to pro-
duce them with the minerals necessary to their growth.
An analysis of the different conditions of the different
stages of the growth of the young wheat-plant shows
at once that phosphorus must be of great import-
ance to them. Thus, when a wheat-plant is in its
youngest stage of growth—say, when it is budding
its first pair of leaves, the amount of phosphorus
contained in it is very small, When the plant has
grown to half its natural size, the amount of phos-
phorus is proportionately greater. When it begins
to form the “ear,” the amount has increased still
more ; and at last, when the seed-grains are fast
ripening in the “ear,” it seems as if all the phos-
phorus of the plant were drained to that part. The
pollen of all flowers contains phosphorus, and as
wheat, barley, etc., are what are called “ wind-fertilised
plants,” they have to secrete more pollen than is absol-
utely necessary in order to have enough for the wind
to carry about, and thus ensure proper crossing and

s . i ——. .

s i e —



PHOSPHATES : THEIR ORIGIN AND USES. 149

flowering. Hence there must be a great drain upon
and waste of phosphorus in these plants at the time
of flowering. Phosphorus in the soil is absolutely
necessary to such plants if they are to secrete suffi-
cient pollen, and sufficient pollen means having every
flower of every “ear” fertilised, and the “ears” com-
pletely full As wheat-grains ripen, phosphorus is
drawn to them both from every part of the plant and
the soil as well ; so that the wheat-corn is found to
possess the maximum quantity. It is this which so
peculiarly fits wheat to be the staple food of civilised,
brain-working man !

We have said enough, it is to be hoped, to show
the necessity for phosphorus to be present in some
form or another, if all the functions of cereal life are
to be prosperously performed. When we drill artifi-
cially-prepared phosphates in our soils, they are in
the condition known as soluble, or superphosphates.
These superphosphates are composed (when genuine
—a very important matter to have determined) of a
mixture of sulphate of lime, and mono-calcic, di-calcic,
and tri-calcic, phosphates of lime, in which, however,
the mono-calcic phosphates should prevail. The
phosphate is now soluble, or nearly so, and ready to
be absorbed by the roots of plants; although, if the
soils contain much iron, a good deal of the phosphate
will be precipitated in an insoluble form. It is there-
fore of great importance that farmers should know
something of the nature of their soils before they
apply these phosphates, as well as of the crops they
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intend to raise. Clover, for instance, does not require
so much phosphate as turnips or peas, or barley and
wheat. But even though a portion of the superphos-
phates used in artificial manuring must be converted
to an insoluble condition in the very best of soils,
there is little doubt it may be slowly obtained from
it in subsequent years, for the delicate rocts of plants
have the power of making phosphate of lime once
more soluble, even from its precipitated condition.
This was proved by Professor Sachs, who obtained
polished slabs of phosphate of lime, and covered their
surfaces with a little moist sand, in which he planted
seeds. The seeds germinated, their roots struck
through the sand, reached the polished surfaces of
the phosphate slabs, and there dissolved out such
quantities as they required, leaving on the polished
slabs an etched outline of the work that had thus
been done.

It should be remarked that lime seems to act as
a kind of carrier of the phosphorus which plants
need ; for phosphorus is found in a plant, although
lime may not be present, even when the two had
been previously combined in the applied superphos-
phate. Phosphate of lime, therefore, seems to be the
readiest condition in which to place phosphorus in
the soil for the use of plants.

A good deal has been said lately as to the value
of potatoes as a crop to British farmers.  Although
the too great use of the potato has been decried by
some physiologists, there can be no question as to
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the beneficial use of this vegetable, especially to brain-
workers, for the potato contains phosphoric acid,
which is present, however, in the largest percentage
in potato-skins. Consequently, phosphatic manures
are nearly as important to potato crops as to cereals.
The bones of animals are in a constant state of
replacement—of being taken down and rebuilt with
phosphate of lime. The removed phosphates are
carried off in the dung of such animals, and it is
these which give to their feces their manurial value
to the farmer. In man, however, similar waste
phosphates are carried off in the urine, so that animal
manure is of greater manurial value than night-soil,
notwithstanding the opinion to the contrary.

In Nature there is almost as perfect a circulation
of phosphates as there is of water and air in the
ocean and the atmosphere. There is the same amount
of phosphates in existence now as there was when
Life first appeared on our globe and made its original
demand upon them. These phosphates are as
necessary to the healthy and prosperous well-being
of the animal and vegetable kingdoms now as they
ever were. They have, as geology proves, entered
into the structures of creation after creation of extinct
animals and plants, and have been left by them in
the rocks and the soils as a legacy to the later-comers.
Much of these phosphates are now locked up in the
mineral condition, abstracted from active circulation,
and it is the duty of science to set them free and
render them available to the use of man.



CHAPTER XTI

VULCAN’'S FORGE,

ERY few subjects are so
little known, even among
» intelligent people, as the real
nature of earthquake and
volcanic energy. Any one
who has travelled in the
mountainous  regions of
North Wales, the Lake dis-
trict, or Scotland, will have
4/ heard people glibly talk of
¢ the earthquake violence
which must have rent and
cleft the hills to form such
passes as those of Llanberis,
; Borrowdale, and Glencoe.
Any gorge or ravine, unusually steep or rugged, is
by them ascribed to earthquake agency, without the
slightest endeavour to find out whether it is so or
not; and in many instances without their having
any previous knowledge of the real nature of such
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agency to enable them to form a trustworthy opinion.
The fact is that such scenic phenomena as we have
just referred to are not in any way due to subter-
ranean action, but to weathering. Although the
rocks forming the dry land of Great Britain are in
many places crowded with evidences of earthquake
and volcanic phenomena, these are known chiefly to
geologists. They present few external features by
which they may be popularly known.

Perhaps there is not a square foot of the earth’s
surface which has not, at some time or another in the
geological past, been affected by earthquake or vol-
canic influences. We have learned something of
the laws of these much-dreaded agencies, and, as is
usually the case with natural phenomena when they
are better understood, our ideas of Creatorial wisdom
are considerably elevated. Not many years ago it
was firmly believed that earthquakes and volcanoes
were evidences of divine wrath ; now we know that
without them our planet could not have possessed
its scenic diversity of mountain and valley, ocean-bed
and table-land. Moreover, it has become plain that,
had it not been for the continuous and varied opera-
tion of these dreaded forces, the influence of solar
energy exercised through atmospherical agencies,
would long ago have dissolved away every prominent
feature, and have reduced the surface of the globe to
one uniform level! As it is, the uplifting of rock-
masses by earthquake forces, and the accumulation
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of lava-streams and ashes into conical volcanic
mountains, have kept up the variety in physical geo-
graphical aspects which would otherwise have been
speedily obliterated.

What is the nature of those wondrous forces which
seem pent up in the interior of the earth, which break
out every now and then like wild beasts, and ravage
some of the finest tracts of the earth’s surface?
Viewed from the narrow point of personal disadvan-
tage, one cannot be surprised that such visitations
should be regarded as tokens of divine anger. But the
world is gradually coming to believe more in a God
of love, “slow to anger and of great mercy,” and
science is undoubtedly helping it to do so. The
latter has taught us to see in earthquake and volcanic
agencies preservative, not destructive, forces ; without
them our planet could not have lived out half its days;
we should have had few or no mineral or metallic
veins, and by this time, if there had been any land
surface at all, it would have been as flat as Holland,
the whole world over! To make ourselves as plain
as possible, let us suppose two forces at work, each
checking the other’s influence, and yet both neces-
sary for the production of a certain end. One we
will call sola—it resides in the sun, it is manifested
as heat, produces winds, lifts vapours, and thus brings
about all those agencies of the weather which we
know are constantly denuding the irregular surfaces
of the dry land. Were this force to be alone in its
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operation, it is evident that in time the irregularities
would be all removed. But we have another, resid-
ent in the earth itself, which we may provisionally
call zerrestrial force. This is manifested in volcanié
outbursts and earthquake disturbances. It becomes
apparent when we descend deep mines, and the heat
increases in a certain regular manner. All the
mountain chains of our globe have been formed by it,
and not a few of the troughs of our deep seas. Its
tendency is to produce an irregularity of surface as
opposed to the uniformity which, we have seen, would
be the result of solar force acting alone.

And yet both these forces, that of the sun as well
as that of the earth, had a common origin. We have
an explanation of the latter in the Nebular theory,
which teaches us that once in the dim history of the
past, all the planets and satellites of our solar system,
as well as the sun itself, existed as a cloudy dispersed
mass ; that subsequently this was condensed into
planets and their satellites,the main mass being central
to all, and forming the sun. All the planets were
then so highly heated that they shone with their own
light, and were in the same physical condition as the
sun still is. Indeed, the reason why the latter is so
hot is because of its enormously greater mass (more
than a million and a quarter times greater than that
of the earth), and the longer time it will take to
cool.  The smaller planets, and especially their
moons, cooled down first. Qur moon has long ago
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lost its heat. Hence it is a lifeless, waterless, atmo-
sphereless world—a prophecy of what our earth one
day will be, just as the sun is an illustration of what
bur globe formerly was.

It is a well-known fact that solid bodies are af-
fected in their bulk by heat and cold. They expand
by heat, and contract by cold. The iron tubular
bridge across Menai Straits expands and is elongated
more than a foot by the heat of an ordinary summer’s
day. Had the engineer made no allowance for this,
the entire structure would have loosened and brought
itself down. Now the same law applies to our globe.
As it has cooled down from its original, perhaps
molten condition, it must have contracted in size.
It is therefore less in diameter now than it was then.
But as it cooled a crust formed. This must have
protected the heat in the interior, although it could
not entirely prevent some of it being constantly
wasted. And as the interior shrunk, the crust of the
outside must be contracted also, otherwise our planet
would be like a ripened filbert, in which we can hear
the kernel rattle inside the shell # It is this constant
contraction of the rocky crust of the earth into a
smaller space which has folded the older rocks (and
therefore those which have been subjected to most
physical changes) into the contorted condition they
present in most mountain regions. The strike of
mountain chains is nothing more than the direction
taken by the chief foldings produced by contraction
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of the crust. These foldings have always been going
on, as the earth has lost heat, and so our mountain
chains are of various geological ages. The roughened
appearance of the surface of our planet, therefore, is
like that of an apple which has been kept in some
cupboard, until it is dry and has lost its moisture,
so that its skin is furrowed all over into folds which
intersect each other.

There can be no doubt that every contraction of
this outer crust to the gradually shrinking interior,
is accompanied by heat produced by the crushing
and friction. Where the crust is thinnest and weak-
est, a fracture may take place, like the “faults”
which geologists know are so abundant everywhere
in the older rocks. The force generated by fractur-
ing or folding of the crust is that which produces the
much-dreaded earthquake shocks. When this force
is very intense, it may pass into volanic energy, for
it has been shown that a contraction of the entire
crust of the earth, to the amount of one twelve-
thousandth part of an inch, would produce as much
heat as is evolved during an ordinary volcanic out-
burst! Few earthquake shocks originate at a greater
depth than thirty miles, and most of them at much
less than that depth from the earth’s surface. The
thickness of our planet’s crust, although a matter of
dispute, cannot be so great. As we descend a deep
mine we find the heat increasing one degree for about
every sixty feet. If it actually increases at this rate,
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it is not difficult to calculate what depth we should
have to go to find a place where all the substances
must be in a state of fusion, unless prevented
by the pressure of gravitation. Indeed, from the
crystalline character and other evidences we have in
the older rocks, we know that the latter must once
have been subjected to greater heat and pressure than
they are now. Supposing the crust of the earth to
be one hundred miles thick, this would bear little re-
lation to the diameter of the globe. The latter is
eight thousand miles, so that the greatest estimated
thickness of the crust would be only one eightieth
part of it. 'We can form a better idea of this relation
by the following illustration. Suppose we take a
book having one hundred and sixty pages, and tear
out a single leaf. It would be utterly impossible
for the eye to detect from the thickness of the closed
book that such a leaf had been extracted. And yet
this would represent the disappearance of the entire
crust of the earth, from one side at least! We can
therefore see how immense are the forces acting upon
a thin, solid, and to a large extent irrefrangible part.
No wonder that the primary rocks are so metamor-
phosed, folded, and faulted—the wonder would have
been otherwise if they had not been, when we con-
sider the contractions suffered by the earth’s crust,
during the slow loss of heat which has been going
on in the millions of years which have elapsed since
the dry land was first separated from the waters.

. _
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When a shock is produced by such a contraction
or fracture as we have been supposing, a wave of
force is generated which travels along the adjacent
rocks as a wave travels along a slack string when
the latter is struck, or as when a series of concentric
waves roll away from the point where some stone
has been cast into a still and deep pond. The outer
waves, in the latter instance, become weaker the
farther they recede from the central point of disturb-
ance. So it is with earthquake waves—they become
fainter farther away from where they originated.
We in Great Britain are far outside the great circles
of earthquake foci at present, although we were not
always so, and consequently all we feel of them is
just sufficient to arouse scientific curiosity. Some-
times an earthquake shock will be generated in that
part of the earth’s crust whose upper surface is occu-
pied by the ocean. The great Earthquake of Lisbon
was of this character, for the shock occurred under
the floor of the Atlantic, and travelled thence, so
that Lisbon was the first city visited by it. The
waters of the ocean were affected by the shock like
the rocks of the earth’s crust, but the earthquake
tremor could not travel so easily through the water
as through rocks, and so the great water-wave, sixty
feet high, followed on slowly afterwards and found
the terrified Lisbon people gathered on the quay,
away from the falling houses, and it swept them off
by thousands! It has been calculated that the
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earthquake waves on this occasion travelled at the
rate of twenty miles a minute.

It has long been noticed, in centres of volcanic
disturbance, that earthquake shocks always preface
the outbreak of volcanic energy, and seem to pass
into it, so that when a volcano begins to discharge,
the earthquake forces are quieted. There can be no
doubt that these two forces are identical in their
origin, and that their separate manifestations are
mainly due to different modes and degrees. Not
unfrequently sufficient heat may be generated by the
crushing of deep-seated rocks during a folding of
some part of the crust, to melt a portion of the rocks
into lava, or even granite, if the overlying pressure
be great enough. All our volcanoes are found in
areas of wupheaval, all are found belting sea-coasts
except Demawend, and as that is situated on the
shores of the Caspian, it rather bears out the general
rule than not, that volcanoes, to be active, must be
situated near large bodies of water. From the great
quantities of steam given out during volcanic dis-
charges, it is evident there must be some immediate
connection between the water and the heat which
converts them into steam. A volcano was formerly
believed to be formed by a tension or blister-like
swelling of one part of the earth’s crust, until the
strain caused the upper part to crack and burst, and
then the lava and ashes were discharged. This idea
only lingers now in antiquated geological books.
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The keen examination, collection, and comparison of
facts during the last thirty years has for ever settled
the question as to the origin and growth of volcanoes.
A star-shaped fracture or crack is first made, up
which the molten matter we call lava emerges.
This accumulates around the vent or crater. Suc-
cessive outbursts, extending it may be over hundreds
of thousands of years, raise the conical mound by
their accumulating layers until it becomes a moun-
tain. The area where such a volcanic mountain has
been forming has been unlifted in the meantime, for
we have seen that volcanoes are everywhere situated
where the earth’s crust is rising, until eventually we
find the mountain crater at a considerable height
above the sea level. Mount Etna is a case in point.
At the time when our Suffolk Crag beds were form-
ing, which is comparatively recent from a geological
point of view, this volcano had not commenced its
existence. Now its top is nearly eleven thousand
feet above the level of the sea!

When the force which lifts the streams of lava to
the mouth of the crater is excessively energetic, it
may actually blow the lava into dust, and raise it to
an enormous height in the atmosphere, mixed with
steam and the flames of gases. It then descends as
“voleanic ash,” but the upper atmospheric currents
may carry such ash hundreds of miles away from the
source of ejection. Ashes from Central American

volcanoes have thus been carried as far as Jamaica.
M
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Some volcanic mountains are formed chiefly as ac-
cumulated heaps of such ashes, like those of Java.
When the successivedischarges of volcanic matter have
caused a mountainous heap to accumulate so high
that the forces within can lift it no higher, the volcano
will either break forth at the side, and form lateral
craters, or will temporarily rest. Some other fracture
of the earth’s crust at no great distance elsewhere may
draw off the energy; and thus a volcano gradually be-
comes extinct, the signs of its senility being the dis-
charge of hot mud, hot sulphur springs, naphtha, etc.

The areas of volcanic manifestation have always
been changing. Thus we find in North Wales and
Cumberland the /earths of volcanoes which must
have been terribly active in Great Britain during the
Silurian epoch. During the Carboniferous period
there were volcanoes in Derbyshire ; in that geologi-
cal age known as the Miocene, Europe was especially
visited by volcanic action. The Isles of Mull, Rum,
Eigg, etc.,, in the Western Hebrides, are nothing but
the weathered and truncated bases of volcanic moun-
tains which were then active, and which Professor
Judd believes were ten to fifteen thousand feet high.
From them issued those streams of lava which shrunk
into the columnar pillars of Fingal’'s Cave and else-
where. In the north of Ireland volcanoes were active
at the same time. You can still see, in the coast sec-
tions, near Portrush, the old pipes up which the vol-
canic matter rose and accumulated until it covered
nearly the whole of County Antrim. The Giant’s
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Causeway is part of one of the old lava-sheets. In
Central France we have one hundred and fifty extinct
volcanoes, whose shapes have been marvellously pre-
served, so that we can still trace the direction taken
by the ancient lava streams. On the Rhine we have
the Siebengebirge, which are extinct volcanic moun-
tains of the same geological period, whose mineral
springs still testify to the former subterranean activity
which was here manifested.

Thus has the continuously altered crust of the
earth been cemented together by the iron bands of
volcanic energy. New formations have always been,
and still are, going on, and the same subterranean
activity converts these into dry lands and continents.
There is hardly a square mile of the solid land which
has not been formed along the floors of ancient seas,
and had it not been for the terrestrial force we spoke
of, this could never have been uplifted to the place
we find it occupying. To the reverent mind, there-
fore, which can extend its vision across the geologi-
cal past, and take into account the numberless agencies
which are required to keep a planet in healthy activity
and fit its surface to be the abode of life, these dreaded
volcanic and earthquake energies will no longer appear
otherwise than as “ministering spirits,” doing necessary
work in the physical well-being of the planet which
we inhabit. Without volcanoes and earthquakes it
is more than probable our little planet would not have
lived out half its days. Every shock and outburst,
therefore, means a new lease of life to the earth.
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THE GEOLOGICAL DISPERSION OF ANIMALS
AND PLANTS.

EW subjects are of broader
interest to naturalists than
this ; although it is sur-
rounded by much that
is vague and disconnected.
The various facts have only
fallen into harmonious ar-
rangement since the publica-
i~ tion of the Origin of Species.
-~ Darwin may well claim that
only from his point of view
can the subject of the distri-
bution of animals and plants
. be scientifically treated. The
= manner in which this ques-
~ tion has been taken up by
naturalists all over the world shows the influence
which a great mind has over its fellows, Natural
history has received a similar impetus under the
Darwinian theory that astronomy did under the old

Copernican.,
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Thanks to the rapid progress of science, it is now
possible to briefly review the subject of the distribu-
tion of existing animals and plants, in the light both
of palazontology and of those geological operations
which have produced such enormous physical changes
on the surface of the earth. It is now plainly seen
that the relations of the existing fauna and flora to
extinct species are more intimate as we approach the
present epoch. Indeed there is no fact in modern
geology so generally admitted as the impossibility of
severing the various groups of existing animals and
plants from those of bygone ages. As most of our
readers are aware, these ages are usually grouped
under three great divisions, relatively termed the
Primary, Secondary, and Tertiary. These names
indicate their relative antiquity. Each division is
provisionally subdivided into epochs, and thus the
geological nomenclature is made up. Even before
Darwin advanced his views, the principal naturalists
saw that the life-systems of these various stages
were related to each other, and together form
one grand total which might be regarded as the
biological history of our planet. Of these systems
the existing one is the last, and bound to the rest
by lines of descent. These lines can be traced far
away to the dim Laurentian age; but they are
strongest as the geological student ascends the
geological scale towards the present time. The
most stubborn of anti-Darwinists has to confess that
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the Tertiary species of animals and plants, relatively
few though they be, are nearly related to their present
representatives.

Geology has passed through many social phases
in its brief history. The classification of Comte is
certainly correct when applied to stony science. It
has existed simply as a catalogue of lusus nature,
just as astronomy was hidden under the form of
astrology. Then it emerged into daylight, only to

be the butt of theological animosity and ridicule. .

Gaining strength by its grasp of facts, it had subse-
quently to be ill-treated at the hands of its friends
under the form of “ Reconciliation” theories, until,
like the infant Hercules, it strangled the snakes in
its cradle, and has arisen to impress its indelible in-
fluence on almost every phase of modern thought.
Unfortunately, the idea that the various geological
periods were marked by distinct life-forms—the
product of the earlier French school of geological
thought—which were successively created and de-
stroyed, has not yet completely died away. There
are not wanting a few eminent naturalists who still
cling to this idea, although their number is every
year becoming less. The natural corollary from
such an idea is that the present creation of animals
and plants is also special, and the result of a separate
and distinct Creative power. Let us endeavour to
show the fallacy of this notion, and to bring to bear
upon it the most recent investigations in natural
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science. We are obliged also to deal with a com-
moner but equally gross mistake—viz. that the
earth’s crust contains no “ missing links.”

To no science is geology more indebted than to
zoology. Only by its aid have geologists been able
to understand the exact relations of extinct to
living forms of life. Numerous though these fossil
species are (the rocks of Great Britain alone having
yielded nearly fourteen thousand), we are forced to
conclude that all are reducible to the same orders
and classes as their modern representatives. The
natural history classification intended to embrace
the recent fauna and flora, will equally include the
fauna and flora of every period of the earth’s past
history. This proves that the plan of their construc-
tion, at least, has never been altered. In numerous
instances, extinct forms have enabled the naturalist
to render the classification more complete, by filling
up the gaps which before existed, and thus drawing
the various orders and classes nearer to each other.
Recent researches in paleontology and zoology have
been travelling towards the same goal from opposite
points. The former has been multiplying the list of
existing species found in the fossil state, and the
latter has been bringing to light the fact that many
so-called extinct forms are still living in abysmal
and unexplored depths of the sea. We have referred
to the great benefits which geology has conferred on
geological science, especially in the earlier days of its
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history ; geology has now arrived at a maturity and
strength which enables it to repay its. foster-mother
the debt it owes. From the knowledge of its
organic remains zoologists have been able to under-
stand many a problem which before was incompre-
hensible. Its latest act of filial gratitude is to assist
naturalists in accounting for the geographical distri-
bution of animals and plants. Not many years ago
this was their greatest difficulty. Even the gigantic
intellect of Humboldt had to be content with guess-
ing at a truth which has only been clearly made
known since his death. The occurrence of animals
and plants so u#n/ike each other in districts where the
physical and geographical conditions were so similar,
might well prove a hard nut for non-geological
naturalists to crack. It has been the necessity of
seeking the lineal ancestry of existing species in the
geological epochs approaching most nearly to our
own, which has shown us what modifications and
migrations many species have passed through during
the slowly-changing physical conditions.

Instead of regarding the present animal and
vegetable populations of the globe as a distinct and
synchronous creation, definitely separated from any
that went before, we are compelled by the sheer
weight of facts to regard them as the direct results.
The secret of their present geographical distribution
and isolation, apart from the laws of natural selec-
tion which have been in operation, is to be found in

-
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an intimate knowledge of the geological changes
which have taken place since certain families of
animals and plants first made their appearance on
our globe. It is well known that the farther we go
back in geological time, to study the different kinds
of animals and plants, the more are we struck by
their unlikeness to the species now living. The prim-
eval forms have been thrust aside by others better
fitted to take a leading position in the battle of life.
Analogous functions have been formed by successive
and distinct groups ; a few types, however, have stood
the heat and burden of the fight. They bear much
the same relation to existing animals that the Celtic
words in our language do to the Saxon, Danish, and
Norman, which subsequently overlaid them. One
geographical peculiarity is always true of these ancient
groups,—they exist in widely severed latitudes. The
most striking fact, perhaps, in the whole life-history
of our planet is that the farther we go back in time,
the more lowly organised are the species, whether of
animals or plants. Now it is exactly such forms
which have had the greatest geological antiquity.
Whilst one type of specialised organism after another
has passed away, the humbler species have maintained
their ground unchanged, or nearly so, in organisation.
It is the moral of the oak and the reed ; the storm
which felled the former has simply beat the latter to
the ground, to spring to its original position after the
blast has passed away. These lowly organised types
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have now the most cosmopolitan distribution, so that
in this respect they resemble those higher forms
which have a high geological antiquity.

Among the lichens brought by Sir James Ross
from the high latitudes of the Southern Hemisphere,
the greater portion were found to be specifically
identical with those growing in Europe. Professor
Owen mentions one species of Foraminifera ( Webbina
rugosa) which has continued in existence since the
Liassic period. The following are among the com-
monest genera of fossils, on account of their geologi-
cal antiquity :—Nautilus, Terebratula, Riynchonella,
Lingula, Mytilus, Modiola, etc. They have had a con-
tinuous range of existence ever since Silurian times
at the least. During the Primary epoch the com-
monest and most widely distributed fishes were the
Ganoids, an order distinguished by being covered
with enamelled bony plates instead of horny scales.
This dominant group gradually dwindled during the
latter stages of the Secondary epoch, and was replaced
by other orders, which are now cosmopolitan as the
Ganoids once were. But there still exist what we
may term “outliers” of this ancient fish fauna, in
the Bony Pike (Lepidosteus osseus) of North Ameri-
can lakes and rivers, and in the Polypterus of South
Africa (found abundantly in the recently discovered
great lakes). The “ Mud-Fishes” (Ceratodus) have
been found still living in the rivers of Australia,
although they occur in the fossil state in our

IR e
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Rhatic beds on the banks of the Severn. Our
common Sturgeon is nearly related to the interesting
order of the Ganoids. Dr. Giinther says they now
form only three and a half per cent of known species
of fish. The widely isolated character of this
group of fishes plainly indicates its antiquity, and
as surely foretells its ultimate extinction. Taking
into account its former widely diffused condition, is
it not evident that the isolated areas it now occu-
pies are mainly to be ascribed to those subsequent
geological changes which have broken up a once
cosmopolitan fauna into these satellary fragments ?
Again, so far as is yet known, the only warm-
blooded animals which lived during the entire
Secondary epoch (with the exception of such
rare forms as the Archeopteryx, half bird and half
reptile, with its allies) were Marsupials. They be-
came extinct in Europe during the Mid-tertiary or
Miocene period, although we still find them living
in lands as far apart from each other as North
America and Australia. In the North American
Oolitic strata fossil species have recently been dis-
covered, and there is every reason to believe that
the existing Opossums of that country are the lineal
descendants of the Oolitic forms. The greater part
of Australia appears to have been dry land since the
close of the Secondary age, at the least, so that its
characteristic modern mammalia may be traced thus
far back in time. The Australian cave breccias yield
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gigantic extinct forms of the same order, and no
other. In America the Opossums belong to the Mar-
supialia, and their peculiar features, when compared
with those of their Australian representatives, only
too surely indicate the immense period of time which
has elapsed since they were blood relations! An-
other illustration from the more ancient formations,
and then we will proceed to notice how the lineage
of existing forms becomes clearer as we come to the
Tertiary epoch. A very large number of Secondary
genera of shells are still in existence, among which
are such well-known forms as 7e/ina (which then first
appeared), Cardium, Turritella, Pyrula, Nassa, Nalica,
Solen, Trochus, Pecten, and a multitude of others.
But one special illustration. In the upper English
Chalk strata we meet with a species of brachiopod
(Zerebratula lineata) which the best palaontologists
recognise as identical with the existing Riynchonella
caput-serpentis of our British seas. The antiquity of
the latter species might have been guessed at from
its peculiar geographical distribution. It is common
to both sides of the Atlantic, as well as to South
African and Chinese seas. This wide severance of
areas from each other, it cannot be too firmly in-
sisted upon, is in every case illustrative of the anti-
quity of a species. Dr. Carpenter and Professor
Wyville-Thomson believe we are still living in a
Cretaceous epoch, owing to the Cretaceous facies of
the abysmal fauna of our great oceans, from whose
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beds, during the recent “Challenger” Expedition,
such well-known Cretaceous fossils as Salenia was
obtained in the living state. Thence also was
dredged Calymmne relicta, the nearest living represent-
ative of the well-known “Fairy-Loaves” (A nanchytes)
of our Chalk strata.

When we come to study the relations of the
Tertiary fauna and flora to those now in existence,
the lineage becomes so striking, that in many in-
stances it appears to be almost direct. The rule
holds good, also, in that we find the relationship to
be nearer in proportion as we approach the human
epoch. The earlier stages of the Tertiary age are
most interesting, on account of the distribution of
animals over FEuropean latitudes, whose natural
home we have been in the habit of supposing far
away. The commonest of mammalian species
peculiar to this era are the Tapir-like animals first
made known to the scientific world by the genius
of Cuvier. This group is now limited to such
widely severed and isolated areas as parts of South
America and the Malayan Archipelago, two species
being met with in the former region, and one in
the latter. The Tapiroid animals had as cosmo-
politan a distributi{}n.during the early Tertiary or
Eocene period as the Marsupials above mentioned
enjoyed during Secondary times. Their present
limited areas of occupation are due to the numerous
physical changes which have passed over those
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countries where their bones are found in the fossil
condition, so that their geographical isolation is a
good index to what has taken place in this respect
since the Tapir family was domiciled in Europe.
It is more than probable that, since then, the two
great continents of India and America have been
disjoined. ~The high grounds of this submerged
area are still occupied by the Pacific islands and
coral reefs; the very existence of the latter being,
according to Darwin, sufficient evidence that the
depression is still going on. Even such apparently
insignificant animals as land snails have been sub-
jected to the same geographical changes as larger
and more important groups. A common snail in
the United States (Helix /labyrinthica) is found
abundantly in the fossil state in certain Eocene
beds in Hampshire, a sure proof of its having once
lived in that country as it is now living in America ;
and an equally eloquent testimony to the physical
changes which have narrowed its distribution to its
present localities. The fossil plants of the early
Tertiary epochs speak to the same effect as the
fossil animals. Unger has shown that the Eocene
beds of Europe contain 173 species closely analo-
gous to forms now growing so far away as New
Holland and the Southern Hemisphere generally ;
another illustration that widely dissevered localities
of existing species are good evidence of their anti-
quity. If the latter rule be good, the philosophical

e
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student would apply it to every case, whether of
animals or plants, even though their remains had not
been met with in the fossil condition. As Darwin has
shown, the fossil evidence is extremely fragmentary,
nor would the most sanguine of geologists expect the
whole fauna and flora of every geological period to
be perfectly preserved in the rocks, seeing that the
preservation of the forms he meets with is due wholly
to accidental causes. A glance at such books as
Loudon’s Hortus Britannicus shows that certain
genera include species whose geographical localities
are as far asunder in distance as they possibly can
be. In our opinion, such cases speak very plainly
of their antiquity. A short time ago it was imagined
that true woody trees (except the Cenifere), did not
appear before the Tertiary epoch, when they were
regarded as fit associates for the great number of
new forms of mammalia then introduced. But the
discovery of such well-known forms as the Oak, Fig,
Myrtle, Walnut, Dryandra, etc., in the upper Creta-
ceous deposits of Aix-la-Chapelle and the Western
States of America has shown how great is the antiquity
of these now almost cosmopolitan genera. We cannot
now do more than glance at the tropical character
of the early Tertiary fauna and flora. If we could
lay one land-surface over another—the condition in
which the Irishman affirmed his rightful inheritance
to be—and place a slice of Borneo or Sumatra so as
to overlie merrie England, we should have as near an



176 NATURE’S BYEPATHS.

approximation to Eocene conditions in this country
as we could imagine!

The middle period in the Tertiary epoch—that
commonly known to geologists as the Miocene—bears
out our argument still further, Here it is that we
first meet with our most abundant evidence of the
direct ancestry of our living species of animals and
plants, which since then have been distributed over
the entire surface of the earth. Of all the fossils of
this important period, the vegetable organisms are
most complete, and it is from them that we derive
our most important and correct generalisations.
First of all, they point to a much warmer climate—
supposed by Professor Heer as sixteen degrees higher
than the present—existing over Europe. This tem-
perature, however, was not so high as during the
previous Eocene period, as is very evident when we
compare the fossil floras of the two eras. Beds of
lignite, of Miocene age, rich in fossil plants, are met
with in Switzerland, Germany, Scotland, Ireland,
Devonshire, Iceland, Greenland, Spitzbergen, and,
during the recent Arctic Expedition, within the
Polar Circle. The high northern character of the
last-mentioned localities shows us that when these
plants grew there, in consequence of the mean eleva-
tion of temperature, it is probable that no ice-cap
existed at the North Pole, to the extreme of which
this gorgeous flora may have extended. For it
must be recollected that these fossil plants afford
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every evidence of their having grown on or near the
spots where they are now found, and that they were
not floated or drifted thither. We find the petals,
stamens, pistils, and even the pollen of some of the
Miocene flowers preserved. Many of the leaves
have their backs covered with fossil fungi, which
affected them then as they attack their representa-
tives at the present day! This alone is strong
evidence that the flora is indigenous.

When we come to analyse what may be termed
the Geographical character of this Miocene flora—
no matter what part of Europe may be selected for
the purpose—we are at once struck with its pecu-
liarities, It is not a Ewropean flora so much as one
now more or less distributed all over the globe.
The percentages of the fossil plants enable us even
to point out the routes which the vegetable migrations
subsequently took, whilst geological processes explain
the means by which they became limited to the
regions they now occupy. The large number of
species we have to deduce from almost wholly pre-
cludes the possibility of a mistake. Thus in Switzer-
land alone the Miocene beds have yielded upwards
of 800 species of true flower-bearing, or phenogamous
plants alone, besides mosses, ferns, etc. The total
number of fossil plants catalogued from these beds,
cryptogamous as well as phanogamous, is upwards
of 3000. It is the latter on which most reliance

can be placed for the purposes we seek, and we shall
N
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therefore leave the former more or less out of our
calculations. Among this large number of flower-
bearing plants, 327 species, or nearly one half, were
evergreens. Since this gorgeous flora was decidedly
European, it has become more or less cosmopolitan,
and been scattered by geological agencies over nearly
all the world. The majority of the species have
migrated to America; next we find genera that
remained European. Afterwards, in the order in
which they are represented in the fossil state, we
find other species which have been transferred to
Asia, Africa, and even to Australia. The American
types are in the largest proportion. This is the
most persistent feature of the Miocene flora wherever
we study it in the Old World. Their analogues now
grow in the forests of Virginia, North and South
Carolina, and Florida. They include such familiar
examples as Magnolias, Tulip-trees, Evergreen Oaks,
Maples, Plane-trees, Robinias, Sequoias, etc. Se-
quotas were European trees even in the Cretaceous
period. The higher climature of the mid-Tertiary
period is further corroborated by the testimony of
the fossil ‘plants now growing elsewhere than in
America. Professor Oliver,  who so skilfully laid
‘down the relations of the Miocene flora to existing
forms in the Natural History Review for 1864, has
there shown that we must seek for the European
species of the Miocene beds by the shores of the
Mediterranean ; and the Asiatic types in the Cau-
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casus and Asia Minor generally. Camphor-trees,
now such very characteristic objects in Japanese
scenery, abound in the fossil state in the strata even
as far north as Iceland, Greenland, and Spitzbergen !

The only deposits of the age we are now con-
sidering to be found in England are at Bovey
Tracy, in Devonshire, where the Lignite, or “ Brown
coal ” as it is also called, is worked for the purpose
of baking coarse pottery. In this very limited area,
fifty species of fossil plants have been met with,
twenty of which are common to the above-named
Swiss deposits. These fifty species include Ever-
green Oaks, Fig-trees, Vines, Laurels, Dryandras, etc,

In the isle of Mull we meet with strata of the
same age, and again at Antrim, in Ireland ; but
their floral yield has hitherto been small. In fact,
these beds are mainly interesting on account of
their possessing evidence of the last active volcanoes
in the British Isles. The Greenland beds have
yielded several hundred species to the zeal of Mr.
Whymper, and the general teaching is pretty much
the same as those of Switzerland, allowing for differ-
ence in latitude.

The fossil Miocene flora of Iceland numbers 426
species of true flower-bearing plants, exclusive of
others.  Amongst this great number are such
woody types as the Birch, Willow, Juniper, Rose,
Oak, Maple, Plane-trees, Vines, Walnuts, etc., all of
them now characteristic of genial temperature con-
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ditions. The geology of the Aleutian Islands—
which more or less link on the Old World with the
New—indicates a connection of these two great
continents during the Miocene. All of them possess
fresh-water deposits, remarkable for their containing
rich stores of fossil plants, marked by the same
geographical peculiarities we have already noticed
as characteristic of those in Switzerland and else-
where. Here we have proof that when the Old
World and the New were joined by a continuous
tract of land, now more or less occupied by the sea,
that land was clothed, owing to the mild temperature,
with a rich and varied flora. As if to supplement
the teachings of the Swiss lignite beds, as yielded
up to a careful study of the plants, the usects found
associated with them are marked by similar geo-
graphical peculiarities, and include genera now as
widely scattered as the flora. The (Eningen beds
have yielded over goo species of fossil insects, whilst
the entire number which has been obtained from all
the beds of the upper and lower Miocene formations
of Switzerland amount to more than 1300!
Among them we find the white ants (Zermites),
now so peculiar to sub-tropical regions, as well as
dragonflies of the South African, and not European
type. The Miocene strata of Austria have yielded
fossil butterflies almost, if not quite, identical with
Indian species.

These facts point to the conclusion, that the reason
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why the Southern States of North America are now
occupied by a flora which was European during the
Miocene age, is that such flora migrated thither by
way of that continuous land whose geographical, as
well as geological, outliers are to be found in Japan,
Kamschatka, the Aleutian Islands, Vancouver’s
Island, etc. This generalisation is borne out by a
study of existing plants in some of the localities
mentioned. The most significant of the facts is,
that the farther we go eas?z in the Old World, the
more numerous relatively do we find living species
which occur fossilised in the Swiss lignites. The
Salisburia—recently introduced into this country for
its singularly graceful foliage—is now limited to the
Japanese regions, although it occurs in the fossil
state in North America. And there is reason to
believe that we have in the Zwigonocarpum of our
English Coal Measures, the fruit of a species of
Salisburia, to which indeed Flabellaria may belong.
There are more than three hundred existing species
of plants common to the southern portion of the
United States and Japan than to Europe. So that
in this respect Japan is more nearly related to the
New World than it is to that of which it forms an
easterly prolongation. Perhaps this terrestrial con-
nection dates back as far as the Carboniferous period.
The northerly plants common to Europe, Asia, and
North America, are all found growing on the Aleu-
tian Islands, which, as before remarked, stretch across
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the North Pacific. It seems almost incredible to
suppose that a continent has been broken up since
comparatively recent times; but other changes, of
quite as great geographical importance, have also
transpired in the interval, of which the probable
elevation of the Alpine chain of mountains, as well
as the Andes, are not among the least significant.

It may be asked how it is that the flora which in-
dicates a former land-connection between Asia and
America is now principally confined to the southern
states of the latter country. In answer we beg to
point out that it may have been the gradual incom-
ing of the great northern winter, geologically known
as the “ Glacial Epoch,” which drove what previously
had been northern and temperate animals and plants
into more southerly latitudes. The Pliocene period
succeeded the Miocene, and the organic remains
peculiar to it are plainly marked by evidences of a
gradual refrigeration of climature throughout the
whole Northern Hemisphere. That the plants now
living in such areas as South Carolina once had a
more northerly extension, is proved by those very
species being found fossil in strata of the Pliocene
age in Tennessee and elsewhere. This fact not only
indicates the way in which such a flora spread
southerly, but connects living with Miocene species,
and thus clearly establishes lineage.

A glance at the more ancient species of animal
life, from the mid-Tertiary period upwards, is full
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of interest, on account of its supplementing what
has been clearly pointed out by a careful compari-
son of vegetable organic remains. We have already
noticed the singular agreement between the Swiss
Miocene flora and its entomology, as regards their
geographical character. Let us next notice the
proofs that the same cause which drove the flora
southerly, and isolated it in its present localities—
the cold of the Glacial period —operated equally on
the animal kingdom, so that its geographical distri-
bution may, in a great measure, be assigned to the
same cause. In the Miocene beds of the Sewalik
Hills we have numerous evidences of geographical
conditions which have since then been wonderfully
disturbed, and of animals living in India which have
subsequently been distributed elsewhere. The Giraffe
and Rhinoceros were then Indian, although they are
now confined to Africa. Did space permit, other
peculiarities might be mentioned of a similar nature.
During the same period the Monkey was a European
animal, particularly abundant in the South of France
and Greece ; and it is more than probable that the
last survivor of this group is represented by the rare,
protected species which inhabits the Rock of Gibraltar.
The well-known “ Crags” of Norfolk and Suffolk re-
present the Pliocene period in Great Britain. Among
the hundreds of species of fossil shells they include,
are forms now living in the West Indian, Indian, and
Japanese Seas, and in the Pacific Ocean. Nothing
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CHAPTER XIII,

THE GEOLOGICAL DISPERSION OF ANIMALS AND
PLANTS (continued).

began to form at the North
Pole during the earlier part
of the Pliocene period, gra-
dually increased its area,
and crept farther south on
& all sides. Between the
i latest « Crag” deposit and
the “ Drift ” beds—the latter
of which were formed under
undoubted arctic conditions
—we have a sequence of
an almost unbroken kind,
which illustrates, by the in-
creased percentage of north-
ern shells, how the cold was intensifying in this
country. At length a rigid arctic climate extended
to mid-Europe. Arctic species of animals and
plants accompanied the physical ice-invasion, until,
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eventually, Europe was peopled by them in the
Old World, and Canada, Newfoundland, and the
United States of America, in the New, The clima-
ture can be geologically proved to have grown colder
in the latter country, as we know it to have been the
case in this. There still exist, in both areas, certain
animals and plants which plainly tell of a former
continued land-connection. These as lucidly point
out the era of this land being broken up, as occurring
just before the Glacial period began, or during its
progress. The common Pike still lives in American
as well as in English rivers; the common Heather
is found scantily blooming on the hills to the north
of Boston, and many other northern plants are com-
mon to the two countries. Scarcely any difference
can be detected between the American and European
Beavers, although the longer period of civilisation
in the Old World has encroached on their haunts,
and thus rendered them almost extinct.

The physical and geographical changes which
took place during this great Northern Winter were
of a most extensive nature. We have ample evi-
dence that Great Britain was eventually submerged,
as far south as the Thames, to the depth of at least
fifteen hundred feet! Over the greater part of this
tract were strewn the thick beds of sand, gravel, and
clay, termed by geologists the “Northern Drift.”
Arctic mollusca then lived in British seas in Auxctic
proportions. Icebergs from the north, laden with
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“erratic” boulders, gravel, etc, stranded in the
shallower waters, and thus introduced northern
plants into Britain and Europe. The subsequent
upheaval of the country, until dry land appeared,
was doubtless quite as slow a physical process as
that of submergence. In the south of Europe we
have proofs of even greater physical disturbances
than those which once more made Britain into a sea-
bottom. Whilst the “drift” beds were forming in
this country, limestone beds were being laid down
over what is now Sicily, and these were afterwards
upheaved to three thousand feet above the sea-level.
A great portion of North Africa was then under
water, the latter occupying the present desert of
Sahara. Here it was that the burning sands were
originally accumulated. British mollusca, such as
the common oyster, cockle, etc, had migrated
southerly, driven thither by the encroaching cold,
and had taken up their positions in Sicilian and
African seas, just as the Arctic species had occupied
the English area. Hence they are found fossil,
both in the Sicilian limestones and beneath the drift-
ing sands of the African deserts. Canon Tristram
discovered a species of fish in a salt lake more than
three hundred miles inland, which has since been
found identical with a species living in the Gulf of
Guinea. Most of the species of Rhinoceri, Hippo-
potami, Elephants, Hyzna, etc., passed over to Africa
and Asia during the dry land connection, where
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their descendants still exist, Only those animals
remained behind which could adapt themselves to
the changed conditions. These appeared on the
dry land, and spread themselves over that portion
which was uplifted towards the close of the Glacial
epoch. As the woolly-haired mammoth (Elplas
primugenius) and woolly-haired rhinoceros, their
remains are met with in post-glacial deposits ; whilst
in Northern Asia their tusks have accumulated to
such a degree, and been so well preserved, as to form
the “Ivory Mines” of Siberia! In the deeper and
colder portions of the British seas there still exist, as
Professor Edward Forbes pointed out, a few species
of mollusca which came over during the great Arctic
invasion, and, having retained suitable habitats after
the warmer conditions ensued, remained behind to
add the mite of their testimony to the general mass
of evidence. Perhaps one of the best illustrations
of this influence of the former Arctic climature upon
the geographical distribution of animals, is that
given by Mr. Andrew Murray, in his elaborate work
on the Geographical Distribution of Mammals. Two
species of seal are now living, one in the Caspian
Sea and the other 'in Lake Baikal. As is well
known, the latter is situated almost in the centre
of the great Asiatic continent. As its name implies,
it is completely isolated from any other body
of water, as is also the case with the Caspian.
Baikal is purely a freshwater lake, whilst the
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Caspian has only one-third the ordinary saline
properties of sea-water. The seals found living in
these two great lakes belong, one of them to the
same species as that still frequenting the northern
shores of Britain, and the other to a species exceed-
ingly abundant in the North Atlantic. A depres-
sion of five hundred feet would once more bring
the chilly waters of the Arctic Sea over the area of
the Caspian. And we have seen that, during the
Glacial period, Britain was submerged to more than
three times that depth. We therefore agree with
Mr. Murray that the only way we can account for
the presence of these seals in isolated bodies of fresh
and nearly fresh water, is by supposing that when
Northern Asia was uplifted from the bottom of the
glacial sea, the two lowest hollows remained filled
with water, in which the seals were shut off from
their oceanic fellows. Their habits were subse-
quently altered, gradually, to suit their new con-
ditions, and these, it would seem, were attended
with certain varietal differences which distinguish
them from their marine brethren. That they flourish
under such apparently anomalous circumstances is
evident by the fact that seal fisheries are profitably
conducted both in Lake Baikal and the Caspian
Sea. Other large freshwater lakes yield zoological
evidence of their having once been occupied by the
sea. Thus in Sweden there are certain lakes in
which we find ordinary marine crustaceans living.
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Seals, also, are common in the great inland fresh-
water lakes of Newfoundland.

Important though the information furnished by
the animal kingdom may be, on the geographical
distribution of animals, that afforded by botany is
even still more impressivee The geology of the
“Drift ” beds enables us to understand how it was
possible for Arctic plants to pass from Arctic regions,
so as to occupy the summits of even Equatorial
mountains. Dr. Croll, from astronomical deductions,
fixes the date of the Glacial period at two hundred
and forty thousand years ago, and estimates its dura-
tion at one hundred and sixty thousand years.
There is, however, good reason for believing that the
Glacial epoch, which was not the first our Northern
Hemisphere had experienced, was mainly due to the
changes which occur in the eccentricity of the earth’s
orbit. =~ When the eccentricity is greatest, a great
alteration is produced in the climature of the Northern
and Southern Hemispheres alternately. One enjoys
a long period of warmth, and the other suffers from
protracted and rigorous cold. An enormous amount
of physical change could be wrought in the period
assigned by Croll, especially as the rigorous climature,
and the encroachment of the northern ice-cap over the
available area of occupation, would crowd species
more together, and thus render the “struggle for
existence ” all the keener. It is estimated that the
northern shores of the Baltic are being elevated at
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the rate of about three feet in a century. In one
hundred thousand years this would elevate them as
high as we know the Sicilian beds have been upheaved
since the commencement of the Glacial epoch.

It was after the emergence of Northern Europe
and Asia from this Arctic sea, that other floral migra-
tions began to spread over the newly made dry land.
The climate was still rigorous in its character, the
snow-line coming down in the winter much nearer to
the sea-level. Over the available area, Arctic plants
spread themselves, finding luxuriant habitats in the
newly-formed subsoils of the *“drift.” The hairy
mammoth, woolly-haired rhinoceros, the Irish elk, the
musk-ox, reindeer, glutton, lemming, etc., more or less
accompanied this flora, and their remains are found
in the post-glacial deposits of Europe, nearly as low
down as the south of France. In the New World,
beds of the same age contain similar remains, indicat-
ing, that they came from a common northern centre,
and were spread over both continents alike.

When the animals and plants of the Asctic and
sub-Arctic regions of the Old and New Worlds are
compared, one cannot but be surprised at their iden-
tity. All, or nearly all, belong to the same genera,
whilst many of the species are common to the two
continents. This is most important in its bearing on
our theory, as indicating that they radiated from a
common centre after the Glacial period, When we
explore the Zemperate regions of the same countries
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we find the floral and faunal differences increasing,
as one would expect in remembering that many of
the species may even date from the Miocene epoch.
In Eguatorial latitudes this contrast reaches its climax.
We know of no general theory that will explain this
peculiarity except that Arctic and sub- Arctic species
have spread s¢zcethe Glacial epoch ; whereas the south-
ern and equatorial forms are older geographically,
and were driven to their present areas of occupation
by the slowly, but surely, advancing cold of the period
in question.

The flora characteristic of Britain is marked by
being opposed to extreme cold on the one hand, and
intense heat on the other. It is a flora, therefore,
which could only have possessed the plains of England
after the rigidity of the long-continued glacial cold
had given way to warmer conditions. In' fact, it is
a recent introduction, and there can be little doubt
that its original home was Asia Minor. Most of our
common English plants are now equally as common in
Japan. Our familiar flora seems to have originated
in almost the same centre as Man himself. Possibly
much of it may have accompanied his wanderings, as
we know it does attend the footsteps of the modern
English emigrant. Any one looking over Dr. Hooker’s
Student’s Flova of the Britisk Islands cannot but be
surprised to see how geological barriers more or less
coincide with the geographical distribution of our
commonest British plants. Of these barriers the
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Japan and China, and, as M. Martins has observed,
to find them growing on the Pyrenees is as striking
as if we found a family of Chinese or Japanese people
living in the same regions.

The Dwarf Palm (Chamerops humilis), the only
species of its kind growing in Europe, is an inhabit-
ant of Southern Europe, and reminds us of pre-Glacial
circumstances as much as the occurrence of the only
species of European monkey on Gibraltar reminds
us of the former extension of its race during Miocene
times, of which it is now the single outlier.

It could hardly be expected, especially from an
evolutionist point of view, that plants whose species
have a long ancestry would grow in any great
abundance over areas which have been subjected to
successive geological changes. We have already
spoken of an arctic flora having first occupied the
newly-emerged lands of the “Drift” in Britain ;
we now return to the subject for more detailed
examination. When the warmer changes ensued
which resulted in the present climature, the difference
rendered the Arctic flora unable to compete with the
incoming Asiatic plants towhich those changes were so
favourable. Accordingly the former ceded the ground,
the only places remaining open to them being the
cold sides and summits of the higher mountains,
where they would not be likely to be expelled by
the newly-introduced lowland and warmth-losing

¢ flora. Hence it is that we still find undoubtedly
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Arctic plants now growing on the margins of European
glaciers, or on the tops of our English, Welsh, Irish,
and Scotch mountains, On the Faulhorn, in the
Canton of Berne, at nine thousand feet above the
sea-level, there grew one hundred and thirty-two
species of flowering plants, of which fifty-one are
common to Lapland, and eleven to Spitzbergen. In
the Engadine, a high valley in the Canton des Grisons,
there are found eighty species of plants unknown to
the rest of Switzerland, but very common in the
extreme north of Europe. Taking the alpine flora
of Switzerland as a whole, we discover that out of a
total number of three hundred and sixty species, one
hundred and fifty-eight are common to Scandinavia
and northern Europe generally. The relation of the
European alpine flora to that of the Arctic Regions
may also be attained by reversing this comparison.
Thus, out of six hundred and eighty-five flower-bear-
ing plants found in Lapland, one hundred and eight
are also met with on the Swiss Alps. This extension
of the Arctic flora during the Glacial period is proved
in a similar way in the Pyrenees, where we meet
with sixty-eight species of plants which are common
to Scandinavia. Thus do the very anomalies in
natural history assist in the process of their own
explanation,

Having rapidly glanced at the immediate influence
of the later geological phenomena upon existing
zoology and botany, let us next inquire whether the
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various physical disturbances have been such as to
enable us to investigate geographical distribution by
the aid of certain general principles. This is not
altogether impossible. For example, we may lay it
down as a good rule, that islands which are separated
from adjoining continents by shallow seas, have been
insulated within a much more modern period than
those separated by deep seas. We find that the flora
and fauna of islandsare related to those of themainland
in proportion to the depth of the intervening waters.
Great Britain herself is a good illustration of the prin-
ciple. She has no fauna peculiar to herself, except
the well-known Red Grouse, and only one plant, a
species of orchid (Spiranthes gemmipara). All the rest
are the same as we find on the Continent. Our land
and freshwater shells, freshwater fish, etc, are iden-
tical with continental species, and as these could not
have crossed the salt sea, it is evident they must have
spread over England before she was severed from the
European mainland.

Deep seas are always indicative of longer periods
of time to effect the depression, so that, if an island
had been separated from Europe in Miocene times,
its fauna and flora would still possess more or less
of a Miocene facies. Such is the case with Madeira,
the Azores, etc.; they were formed as volcanic
islands early in the Tertiary period, and peopled by
straggling birds, insects, plants, etc, from the ad-
jacent mainland, as Sir C. Lyell clearly showed in
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the latest edition of his Principles. The absence
of all mammalia, except bats, proves that this was
the process (which Dr. Darwin has clearly ex-
plained in his Origin of Species) by which such
ancient volcanic islands were first stocked. Madeira
and the Azores have been considerably upheaved
since then, and beds of volcanic ash are found
on them, enclosing shells allied to those which lived
on the mainland during the Miocene period. The
existing land shells are lineal descendants of these.
The plants of Madeira are also marked by similar
belated features. Mr. A. R. Wallace has clearly
shown reasons for believing that Madagascar must
have been separated from Africa before the charac-
teristic large animals of that continent had been
introduced. Its well-known Lemuroid animals,
however, indicate that Madagascar may have been
joined to Africa during early Miocene times, when
those animals were distributed as far north as Greece
and the south of France, in which latter country
their remains have been found in the phosphorite
deposits.

Somewhere about the time when our Norfolk and
Suffolk “Crags” were being laid down, there were
extensive geological and zoological changes taking
place in other parts of the world besides the Northern
Hemisphere. We have evidence of a similar cold
epoch in the Southern Hemisphere to that which took
place in the Northern, although it does not seem to
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have been of so extensive a character, or of so long
a duration, Whilst it lasted, however, Antarctic
plants were driven northerly, just as in the Northern
Hemisphere we have seen that Arctic species were
subsequently forced southerly by similar agencies.
Darwin has shown that Australian plants are still
found growing on the summits of the mountains of
Borneo and other islands of the Malayan Archi-
pelago. They also extend along the higher parts
of the Peninsula of Malacca, and are thinly
scattered, on the one hand over the mountainous
regions of India, and on the other over similar tracts
as far north as Japan. In some of the higher parts
of equatorial regions we find Arctic and Antarctic
plants in strange community, the former predomi-
nating, perhaps, on account of the greater proportion
of land in the Northern Hemisphere ; but both kinds
have been thus brought together from the opposite
poles of our planet by similar physical operations !
We deduce from this occurrence an oscillation of
extreme climates, or Glacial epochs, in the northern
and southern halves of the globe alternately. Since
the Antarctic Glacial period concluded, the Malayan
Archipelago may have been formed by a breaking
up of a prolongation of the Indian continent.
Previous to this occurrence there had been a similar
extension of Australia in the opposite direction, so
as to nearly join the former, and this had shared the
same geographical fate, as the islands of New
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Guinea, etc., plainly show. The community of fauna
and flora is such that we cannot be surprised native
tradition should assert that Java, Sumatra, Bali,
Lombok, etc, were formerly united. The moun-
tains of these islands form a continuous chain. The
Asiatic animals and plants terminate at Bali, whilst
the Australian types commence at Lombok,thus show-
ing that the tradition is zoologically wrong, if nearly
geographically correct. In 1843 Mr. Earle pointed
out that Java, Sumatra, and Borneo all stood on a
plateau which was covered only by a shallow sea.
The map indicates that this plateau is nowhere
more than a hundred yards in depth. Mr. Wallace
has worked at this zoological problem, and, with his
usual keen perception of causation, has clearly shown
why the fauna and flora of the Malayan Islands are
nearly allied to those of the Indian Peninsula. Dr.
Sclater was the first to notice that the dividing line
between the Asiatic and Australian fauna must be
drawn down the Straits of Macassar, and Mr. Wallace
subsequently showed that this line ought to be con-
tinued southwards through the Straits of Lombok.
Looking at the islands, which seem to act as a series
of stepping-stones between India and Australia, it
would never be suspected that they could be divided
into two such distinct zoological regions. The
Elephant, Rhinoceros, and Tapir are found in Borneo,
of exactly the same species as those inhabiting India.
The animals could not have swum across the neigh-
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bouring straits, and therefore must have existed over
the area before the extended peninsula had been
broken up into islands. When we come to Lombok,
we have a distinct group of animals and plants from
the former. As Mr. Wallace remarks, although
“ the strait between this island and Bali is only fifteen
miles wide, we may pass, in two hours, from one
great division of the earth to another, differing as
essentially in their animal life as Europe does from
America.” Through these straits, it has been shown,
there runs a very rapid current, which more or less
forbids migration from one group of islands to
another. This, however, is not the sole cause of the
striking difference in the natural history peculiarities
of the two areas. The water in the straits is much
deeper than in the great submarine plains which
connect the islands of India on the one hand, and
those of Australia on the other. The Marsupials,
Cockatoos, Bush Turkeys, Lories, etc.,of the Australian
group, certainly indicate their former connection
with the southern mainland. The conclusion arrived
at by Mr. Wallace, and accepted by all philosophical
naturalists, is, that the difference between the two
groups of islands, as regards their zoological and
botanical characters, is to be ascribed to the fact
that when India extended uninterruptedly to Bali
and Australia to Lombok, there was a strait occupied
by a deep and rapid current separating them.
Hence it is that for ages the two regions have been

geographically separated.
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South Africa in part may have been dry land since
the Secondary age, and have suffered chiefly from
ordinary meteorological influences, unless we allow
for a probable elevation of the whole area. The
great lakes occupy elevated regions, and among
their fauna are those ganoid fishes which we believe
are “survivals ” of the Palaozoic forms. The Cyca-
daceous plants remind us of Oolitic times, when they
were so abundant in what is now Great Britain. The
Palestine lakes seem to have been formerly connected
with the great freshwater lakes of Southern and
Equatorial Africa. Sixteen species of fish occur in
the former, of which five species are common to the
latter ; whilst only one species is common to the
rivers which empty themselves into the Mediterranean.
This solitary species may have been accidentally
brought by some such agency as that of land birds ;
but we must look to more fundamental and geogra-
phical causes to account for so many species common
to bodies of fresh water situated at such a distance
from each other. The raised beaches of the Dead
Sea indicate an upheaval of the area, or the possible
shrinking of its brackish waters, probably due to the
increasing heat since the gradual waning of the glacial
cold. In the earlier stages of the Tertiary age, it is
probable that South Africa may have been connected
with India, by way of Madagascar, the Mauritius,
and other islands. These islands are remarkable for
special kinds of plants and animals, as, for instance,
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the Double Cocoa-nut (Loidicea Seychellarum); whilst
certain great Land Tortoises, the Dodo, Solitaire, etc.,
have disappeared from them during historical times.
The huge Tortoise is still living on Aldabra, but it
is met with only in the recently fossilised condition
in the Mauritius.

The Giraffe originated in India, where its remains
are found fossilised in the Sewalik deposits before
mentioned. It is now extinct in that country, and
met with only in Africa. The intimate connection
between the Indian and Cape Buffaloes is employed
by some naturalists as an argument in favour of the
. former terrestrial connection between these two great
countries. Mr. Murray regarded the distribution of
the Antelopes as especially favouring this view. There
exist altogether about one hundred and fifty species
of Antelopes, of which five-sixths are African. More
than two-thirds of the entire number come from dis-
tricts south of the Sahara, which forms their northern
limit, just as we have seen it acts as the southern
barrier to the European fauna and flora. Next to
Africa, in the representation of Antelopes, comes
India. So that it would seem, says Mr. Andrew
Murray, as if Africa were the natural home of these
creatures, and that they had come into existence there
before its severance from India. Another connection
between the two continents is the occurrence of the
Camel, in the fossil state in India, and in the living
condition in Africa. Some naturalists imagine there,



GEOLOGICAL DISPERSION OF ANIMALS, &% 203

is good reason for believing that Africa was not greatly
peopled by carnivorous animals before the Glacial
epoch, when many of them were driven thither from
higher latitudes by the increasing cold.

South America affords another illustration of a
land surface which has been such for long-continued
geological periods. The huge Mammalia, such as
Mylodon, Glyptodon, Toxodon, Megatherium, etc,
are nearly all allied to the characteristic groups still
living over the same areas. To some of the animals
the Andes act as the principal geographical barrier,
whence it would appear that this chain of mountains
has been elevated since some of these species came
into existence. The height at which very recent
raised beaches and banks of recent corals have been
found on the Andes is proof of their comparatively
late upheaval. Nor should the immense height of
these mountains forbid the supposition here en-
tertained, as we know for a fact that Etna has
been formed since the commencement of the Glacial
period. In Lake Titicaca, situated at the height of
12,500 feet above the sea, there are found living
eight species of Allorciestes, belonging to a truly
marine family of Amphipod crustaceans. One species
is found here, and again in a lake much lower down,
at 3300 feet above the sea. The same species is
found living in the sea in the Straits of Magellan.
These facts, taken together, as Professor Martin
. Duncan has shown, necessitate the belief in the former
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marine condition of that highly-perched piece of
water, Lake Titicaca. Of the two species of Tapir
found in South America, one roams at some height
on the mountains, and is covered with woolly hair
(thus reminding us of the special adaptation of the
Mammoth) to protect it from the cold moisture; the
other species wallows in the tropical rivers which
water the forests and plains.

Before the Glacial epoch began, many species of
the genus Eguus or Horse lived in South America.
Farther to the north, in the remarkably developed
Eocene and Miocene beds of the Western States,
Professor Marsh has obtained such a large number
of species of fossil Horses as to have completely
worked out the evolutional history of this important
animal, from its five-toed Eocene ancestor! Hence
it cannot be said it was not adapted to the country,
as the fossil bones indicate it must have abounded
in immense numbers ; whilst the manner in which the
modern Horse has run wild since its re-introduction
by the Spaniards would plainly forbid such an idea.
The total extinction of the American Horses, there-
fore, must have been the result of local geological or
biological operations. Contemporary with the native
species of American Horses there lived other forms
which we are equally in the habit of regarding as
peculiar to the Old World, such as the Elephant,
Mastodon, Rhinoceros, etc., whose remains occur
in the fossil state in deposits of the same age
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as those in Europe. Indeed, the Mastodon would
seem to have existed in America long after its ex-
tinction in this country. When driven southerly by
the encroaching cold of the Glacial period, these
animals were perhaps unable to cope with the huge
arboreal mammalia whose long-continued possession
had so suited them to the conditions of existence.
The occurrence of the remains of the Camel, in the
fossil state in India, and of other species now living
in Africa, and even South America, is a strong proof
of the great antiquity of this genus. Indeed, next
to the Marsupials and Tapirs, the Camel is one of
the oldest of living genera. We meet with it first
in the early Miocene formations at the foot of the
Himalayas. Then in the Pliocene period, a larger
species (Merycotherium) roamed over Siberia and the
easternmost boundaries of Asia, possibly crossing
over to America by way of the then continuous land-
connection of which the Aleutian Islands are now the
only relics. We next meet with two fossil species in
Kansas, and of several others which evidently ranged
over the greater part of the United States. Several
fossil genera are peculiar to South America—the
only part of the New World where the Camel family
now exists, as the Alpaca and Llama testify.

But perhaps the best proof of the immense ages
that South America has been dry land is afforded
by the peculiarities of its living fauna and flora.
This is what Mr. Bates, in his Naturalist on the
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Amasons, has appropriately termed ardoreal, that is,
adapted almost to a forest existence. Of all the
countries in the world, Central America is perhaps
the most densely wooded, and it seems to have
been so for ages. Its Monkeys are distinguished
from those of the Old World, not only by the
greater breadth between the nostrils, but more
especially by their prehensile tails, which act the
part of a fifth hand, and enable their owners to
suspend themselves bodily from the boughs of trees
whenever necessary. The Sloths, Opossums, Ant-
eaters, and Porcupines, are all arboreal ; the last
three, if not the first, also possessing prehensile
tails like the monkeys, and for a similar purpose.
In addition to these, we have only to name the
Green Pigeons, Toucans, Tree-beetles, Bird-catching
Spiders, etc, to perceive the extent to which this
arboreal adaptation is carried. The flora is equally
strong in similar testimony. A great number of
the genera are parasitic, either vitally or mechanic-
ally, and grow to such a prodigality as frequently to
strangle the great trees to which they attach them-
selves. That a similar forest character distinguished
this part of America in Tertiary times, is evident from
the remains of the gigantic Sloths, or Megatheria,
which pulled down the trees to browse upon them,
instead of climbing them like their modern repre-
sentatives. The tributary valleys of the Amazons
have each a distinct flora. Hence the long-continued
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arid surface of South Africa is testified to by the
Antelopes on the one hand, and on the other, in the
same latitudes in America, there is equally strong
proof of an extended forest life.

We have endeavoured to glance at this important
subject by the aid of such philosophical generalisa-
tions as have been supplied by still living naturalists,
among whom Mr. A. R. Wallace stands foremost.
His Geographical Distribution of Amnimals is one of
the intellectual monuments of the age in which we
live. A great deal of information on this subject still
requires collection and comparison. It is scattered
through the scientific memoirs of most European
Societies, and completely hidden away, not only
from the general reader, but in a great measure
from the scientific world as well.

Only a thorough knowledge of Tertiary palaon-
tology and physical geology can explain the anoma-
lies of the distribution of existing animals and
plants. We have several times referred to the
existence of “natural barriers” to species, indicating
that such barriers were related to the spread, or
otherwise, of species. When these have been the
result of geological operations, the natural history
groups are found to be more or less coincident with
them. To Dr. Sclater belongs the chief merit of
mapping out the distribution of modern faunas and
floras, although Edward Forbes, in his masterly
essay on the Relation of the Pliocene Fauna and
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Flora to those of Modern Times, was the first to
indicate the direct lineage of existing species. The
history of geographical botany and zoology only
commenced in 1857, when Dr. Sclater sketched out
his six principal regions for the distribution of birds.
It might be imagined that creatures like these,
gifted with the power of speedily changing their
habits, would be far more irregularly spread than
plants, or even animals, But it has been found
that, with some slight modifications, the same
mapped-out provinces would include the general
distribution of quadrupeds, reptiles, insects, land-
shells, and to a certain extent, even plants. These
six regions, now universally adopted by naturalists,
are the following:—1. The Neo-Tropical, comprising
South America, Mexico, and the West Indies. 2.
The Neo-Arctic, including the rest of America. 3.
The Pale-Arctic, comprehending Northern Asia as
far as Japan, and Africa north of the Sahara. 4.
The Ethiopian, containing the rest of Africa and
Madagascar. 5. The Oriental, comprising Southern
Asia and the western half of the Malayan Archi-
pelago. 6. The Australian, which includes the
eastern half of the Malayan Archipelago, Australia,
and most of the Pacific islands. The great geo-
logical changes of the Tertiary era group more or
iess round these six centres.

Hasty though our glance at the dispersal of the
great families of animals and plants has been, we
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have been rung upon its
surface, at various periods
of the earth’s history, there
appears to be no law in phy-
sical geography more persist-
ent than that which bids “the
waters to be gathered into
one place,” so that the “dry
land may appear.” Nearly
three-fourths of our planet’s
surface is covered by water,
chiefly, of course, as seas
and oceans. On the re-

mainder—a little more than one quarter of the entire
area, and much of that inaccessible as mountains, or
bound in realms of eternal ice—poor humanity is
nursed as in a terrestrial cradle. This limited space
is the graveyard not only of our own race, but of every
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oceanic waters whence they were originally raised.
Like the diurnal rotations of the earth on its axis,
which go on through a practical eternity of time, all
things earthly revolve in cycles. The process just
described has been going on after the same invariable
order ever since the dry land first began to appear.
Notwithstanding the general law that the water
and the land shall remain separated, the boundaries
of the two are liable to a constant change. As a
rule, it is the former which attacks the latter.
Agencies far removed may bring about an unsettle-
ment of the mutual relationship, although there can
be little doubt that Man is a great interfering agent.
His power for good and evil are made manifest in
the natural as well as in the moral world. As the
area of dry land is only as one to three of that of
water, it follows that the latter is always in a state
representing an invader, and the former that of de-
fender. The fairest lands may be inundated and
temporarily destroyed. Even in the last two or three
years of celebrated “floods,” we have had evidence
in England alone of the devastative power of water.
Those terrible results of the bursting of the Holm-
firth Reservoir in 1851, and of that at Sheffield in
1864, only too vividly impressed upon people’s
minds the destructive forces held in check wherever
there are water-works. “ Fire and water,” says an
old proverb, are “good servants, but bad masters!”
Notwithstanding the wonderful manner in which
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sufficiently separated from the dry land, whose fault
is it that the Divine fiat is not strictly carried out ?
This brings us to note a few of the great floods
which have become historical through the great de-
struction both of life and property which took place
through their agency. It is to be doubted, how-
ever, whether the insignificant occurrences every
winter and spring are not, in the long run, more de-
vastatory. Almost every country watered by large
rivers has a fluvial history of catastrophes associated
with them. As the magnitude of every river is
dependent upon the area of the catchment basin,
and the varying amount of rainfall, it follows that
the magnitude of river-overflows or inundations is
usually proportionate to the size of the rivers them-
selves. Every year there are immense inundations
in the valley of the Amazons, and in the valleys of
its tributary rivers. The latter are regarded as part
of the Amazon river-system, and a peculiar fauna
and flora are more or less adapted to these conditions.
The floods of our Indian rivers are commensurate with
the magnitude of the streams, those of the Ganges
being almost annual in their occurrence. The over-
flows of the Nile are historical, and occur as regularly
as the return of summer. Such inundations can
hardly be called cataclysmal. In the case of the
Nile, the fertility of Egypt depends upon it; and an
ancient system of agriculture has sprung up in that
country thoroughly adapted to the physical effects
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produced annually by the Nile floods. As these in-
undations always occur where the land is lying
lowest, and as the waters cover the low-lying land
when they are discoloured with the muddy matters
brought down by the rains from the higher grounds,
it follows that in course of time such inundations
create their own natural checks. Every year a thin
layer of alluvium soil is strewn over the areas occupied
by the inundations, and thus the swampy land is
eventually raised high enough to confine the swollen
waters of the rivers to their natural channels. It was
an ancient saying that “ Egypt was the gift of the
Nile,” and geological investigation proves that the
annually added loams brought down by that river
are some hundreds of feet in thickness. In every
river valley we have peculiar black soils known as
alluvium, and these are known to be the accumulated
sediments brought down in the course of ages by the
adjacent rivers.

Rivers, therefore, may be recuperatory in their
action, as well as destructive. But it is astonishing
what even drops of rain-water can do when com-
bined. Sir Charles Lyell mentions that when he
was travelling in Georgia and Alabama, in 1846, he
saw hundreds of valleys commenced where the
ancient forests had been cut or burnt down. There
can be little doubt there is a distinct connection
between the rainfall and mean temperature of a
country, and the number of trees the latter may
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possess. Trees are magnificent regulators of clima-
ture. They are to it what the pair of revolving
“governor-balls ” are to a stationary engine. When
the engine is going too fast, the “governor-balls”
distend, and “throttle” or compress the aperture
whence the motive steam power is issuing. When
the engine is working slowly, the balls droop, and
so open the valve as to allow more steam to issue.
The same with the woods and forests of a country.
When the rainy seasons are on, every tree and plant
absorbs some of the moisture, and stores it away in
its own tissues. It thus prevents great quantities
from flowing off the surface, and gathering into rills
and rivulets, and so swelling the main rivers as to
cause them to overflow their lowest lying banks.
During periods of drought, the leaves of the same
forest give out the moisture they consumed into the
atmosphere, and so prevent its being as dry and
parching as it otherwise would have been. During
the hours of night, also, the surfaces of the leaves
become colder than the air, and thus the moisture
contained in the latter is condensed upon them as
dews. In many parts of Arabia this is the only
kind of waterfall with which the parched earth is
visited.

The destruction of woods and forests, therefore,
is always attended by an alteration of climate for the
worse, It becomes more irregular. There are now
alternate periods of rainfall, and consequent floods,
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grew before, we hold that it is equally wise to plant
trees where there were none before. QOur English
towns are often dreadfully unlovely, when they might
be rendered bright and cheerful by such “boulevards”
as we see in continental towns, as well as in those
of North America. There is a tendency for us to
recognise this fact, and tree-planting is taking place
among us more than it ever has done. Let us
thoroughly recognise its importance, in that trees
not only beautify our towns, but they decompose
carbonic acid, and give out oxygen where that bene-
ficent gas is most needed. Moreover, we have seen
that the regularity of the order of climatal changes
is much affected by the extent of arboreal growth ;
so that by planting more trees we may incidentally
be the means of decreasing those floods and inunda-
tions we have been considering.

How the surface of the ground can be cut up by
the heavy rains which take place after extensive
forests have been cut down, is well shown in Lyell’s
Principles. In Georgia, where the land was cleared
of forest in 1826, the surface was quite level. Cracks
began to occur in the ground when the latter was
bared of timber. In these the sudden rains washed,
so as to widen the walls, and wear them backward,
until, in a short space of twenty years, a chasm had
been formed nearly sixty feet deep, three hundred
yards long, and from seven to sixty yards wide. In
the neighbourhood of hills and mountains, in the
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¥ O the reading public are be-
ginning to understand that
science need not necessarily
be dry nor uninteresting.
The generation of taper-
headed youths who airily

express their conviction that
“Darwin’s theory is all hum-
bug,” has not yet quite died

but at the meetings of
the learned societies at Bur-
lington House may be seen
another type of young men,
reading papers and figuring
in discussion. They have
mystical letters behind their names, but they are not
otherwise distinguished by marks of eccentricity or
insanity, They do not differ in costume or gentle-
manly address from well-bred young fellows who
have not made science a pursuit. Their hair is not
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room, at the microscope and in the field, are under
forty years of age.

Once a year numbers of these investigators of
natural laws, old and young, assume the habits, if
not the garb, of pilgrims, and converge from every
part of Great Britain towards the city where the
British Association holds its meeting. As the Con-
gress usually occurs in August, during the Parlia-
mentary recess and .the university vacations, the
event is a holiday as well as a pilgrimage. Nearly
two thousand lovers and pursuers of truth—Iladies
as well as gentlemen—attend this “ Parliament of
Science.” The time is past when the few savans
who first met in a little room at York and founded
this learned body had their efforts partly ridiculed
and partly pitied. Nobody dreamt that the little
Association would ever attain to its present import-
ance and influence, or imagined that other countries
would proudly copy our example and found national
unions for the advancement of science upon the
British model. No institution, not even the wvener-
able Royal Society, has equal public influence with
the British Association. Other learned societies
hold their regular meetings in London, but the out-
side world rarely hears anything about them. Not
so the “ British.” For forty-four years it has not
only allied itself with scientific research and investi-
gation, but it has been the nursing mother to some
of the most important popular discoveries of the
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decided upon. Deputations from perhaps half a
dozen towns, representing the town-councils, local
scientific societies, guilds, manufactures, and arts, are
‘ushered in to describe the advantages which their
respective localities may present—geological, botani-
cal, mechanical, or otherwise. The competing towns
put forward their best spokesmen, and the meeting
is often marked by features of strong humour as well
as interest. Perhaps the claims of a particular town
have been patiently advanced for three or four years
in succession, and then sometimes the others will
recognise the claim, and withdraw—only, however,
to urge their own petition more importunately next
year. And when the decision is made a prospective
scientific “revival” ensues in the fortunate town,
which forthwith proceeds to raise a fund to meet the
cost of rooms, and other local expenses, and to pre-
pare its hospitality.

The local newspapers are usually out of pocket
by events of this kind, but they bear the sacrifice
cheerfully and produce a voluminous history of the
event for honour rather than profit. They engage
special staffs of reporters from the metropolis, and
frequently secure the services of scientific writers.
The old weeklies, and bi-weeklies, in the case of the
smaller towns, are jerked out of the comfortable
groove in which they have been quietly spinning for
years, and suddenly find themselves metamorphosed
into “ dailies ” for the first time in their existence.
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intended may have accommodation enough. That the
lectures are listened to by appreciative audiences we
hardly need say. The crowd of earnest-looking and
eagerly attentive listeners whose faces are directed
towards the platform as the face of one man forms a
spectacle not to be forgotten. Some of the best
popular lectures which have been published in recent
years were originally thus delivered. This praise-
worthy endeavour to bring together the high priests
of science and the industrial populations who are
engaged in carrying out into practical effect the great
scientific applications of the day was first commenced
by Mr. Justice Grove at Nottingham in 1866, he
being president of the British Association that year.
At the next meeting Professor Tyndall (the president
for the present year) gave one of his most animated
and vigorous discourses to the working men of Dun-
dee. In Norwich in 1868 Professor Huxley lectured
on a “ Piece of Chalk ” (afterwards republished in his
Lay Sermons). Sir John Lubbock, one of the
most attractive of popular lecturers, addressed the
artisans of Liverpool on “Savages” in 1870; Mr.
Spottiswoode, one of the best physicists of the
day, lectured to the working men of Brighton on
“ Polarisation” in 1872. Professor Williamson, Dr.
Carpenter, and Professor Tait, have also delivered
addresses since then; and last year, at Sheffield,
there was quite a crowd of working men to hear
Professor Ayrton discourse on “Electricity as a

Motive Power.”
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Formerly the president of the British Association,
in his inaugural address, was wont to present a kind
of review of the progress each science had made
during the year—*to take stock,” as one of them
termed it. However useful to the intelligent public
this custom was, it became more difficult year by
year owing to the gigantic strides which each science
made. At length it was found impossible to crowd
into an hour and a half’s address even the barest
outline of scientific discovery and invention, and now
each president confines himself to such subjects as
his hearers know that he is best acquainted with.

In order to facilitate the work of the meeting the
Association splits itself up into seven sections named
after the first seven letters of the alphabet. Thus
mathematics, astronomy, and physics occupy the
attention of the first, chemistry of the second, geo-
logy of the third, biology of the fourth, geography
of the fifth, ethnology of the sixth, and mechanical
science of the last.

As early as eight o'clock in the morning the “re-
ception room” is opened, and here the temporary
post office delivers letters. A daily “journal” can
there be procured, in which will be found the lists of
papers to be read during the day in each section.
The sectional proceedings terminate at three o’clock,
and from that time the members are free until about
eight, when the lectures, soirées, etc., commence. The
reception room in its busy hours is an animated and
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interesting scene. On the opening day it is crowded.
People who have not seen each other for twelve
months, but who may have been crossing swords in
the pages of some scientific journal meantime, are
shaking hands, each perhaps mentally taking stock
of the ravages which the common enemy has made
on the other in the interval. Other matters of in-
terest move the spirits of the throng in the reception
room on the succeeding days. Everybody seems
anxious to hear or to tell some new thing. Readers
of papers are continuing the discussion which was
abruptly terminated in the section-room. An en-
thusiast who has a crotchet to ventilate is perhaps
forcibly button-holing two or three unwilling listeners
too courteous to deny him. Meanwhile notable in-
troductions occur, and scientific men from different
parts of the country or different quarters of the globe,
engaged perhaps in the same scientific pursuits, known
to each other by fame and perhaps by epistolary
correspondence, are meeting for the first time in
their lives and laying the foundations of personal
friendships.

At the scientific soirées the most eminent natural-
ists, geologists,astronomers, mathematicians, chemists,
geographers, and engineers in the world, assemble.
They represent the high-water mark of scientific
thought and enterprise. One wears a green shade
over the eyes, having nearly lost his sight peering
through the optic tube at the world of the “infinitely
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Not every reader, even among those well ac-
quainted with the history and the doings of the
British Association, has heard of the “Red Lion
Club.” This celebrated society is now somewhat on
the wane. Its originator was Professor Edward
Forbes, a man who took such a hold on the affec-
tion of his scientific confréres that though he has been
dead nearly a quarter of a century, his memory is
yet fresh in the minds of those who were personally
acquainted with him. About forty years ago he was
a rising young man, and like many others about him
who attended the meetings, not overburdened with
cash. The dignitaries of the Association were just
beginning to be recognised by municipal authorities,
and invited to big dinners, the younger scientific men
being left out in the cold. Thereupon Forbes and a
few kindred spirits determined to start a club of their
own, at which beefsteaks and stout or ale should form
the piéce de résistance, with whisky toddy to follow,
accompanied by songs and ballads, mostly zmzpromptu,
with witty parodies of scientific papers and lectures.
The following year the club was duly and regularly
founded, and some of the rules of the #Maga club,
which had been instituted at Edinburgh by Forbes
and others when he was a student at the University,
were dovetailed into those of the “ Red Lions.” The
name was derived from the sign of the tavern where
the first beefsteak supper was held. The members
of the new club were all rising men, and their com-
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pany as well as their club began to be sought after.
The doings of this gathering of scientific good fellows
presently became somewhat famous, for in the exu-
berance of his imaginative fun Forbes had introduced
a system of ludicrous mock-masonic mysteries and
practices. Some of these still cling to the “Red
Lion” Club, although many young naturalists are
prevented from joining by the half-guinea annual
dinner, for the club has unwisely forsaken its primi-
tive diet of beef and ale, and taken to “courses.”
It has, also, lost one of its most cheerful members in
the person of Professor Rankine, whose Jove-like head
never looked so grand as when he was singing one
of his own songs among the Red Lions. For several
years Rankine was “ Lion-King "—the equivalent of
“chairman ” in the language of men.

The young provincial naturalist, who has looked
up to the leaders in science with reverential awe,is a
little taken aback when he is first introduced to the
“Red Lion” Club. Whilst dinner is being served
or waited for, leonine, ursine, and hippopotamine
grunts and roars are heard, and the affrighted, per-
spiring waiters start as they are serving the soup to
some rampant “ Red Lion,” and get a sharp snarl
and snap instead of the ordinary “thanks!” Grace
before meat will perhaps be spoken by the “Lion-Chap-
lain” thus :—* Brother lions, let us prey/” The chair
and vice-chairs are filled by men distinguished in the
scientific world, who seem to enter into the rollicking
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fun of the thing with all the zest of minds that have
not been so unbent for twelve months. The speeches
overflow with wit and broad hunicuur, and are re-
sponded to by the leonine roars of the audience, who
growl and wag the tails of their dress-coats in
approval.

The railway companies usually allow the members
of the Association to travel over their lines to the
place of meeting at reduced fares on the production
of their members’ tickets., Of late years, Belfast,
Bristol, Glasgow, and Dublin have been the most
attractive places where the meetings have been held.
The Naturalists’ Field Club of Belfast is the most
active in Ireland, publishing a yearly report, with
papers read and excursions made, of more than usual
interest. We hardly need say that the neighbour-
hood abounds in general as well as special interest,
for at a short distance are the Giant’s Causeway, the
wild Antrim coast, and antiquarian and historical
incidents superabundant. The coast is zoologically
and botanically rich, whilst the chalk in such places
as Woodburn Glen yields abundance of characteristic
fossils. The Cave Hill quarries, Deer Park, Mount-
stewart, Grey Abbey, etc, are well-known botanical
collecting grounds. The basalt, which has contracted
in cooling into the polygonal pillars that have given
its popular name to the Giant’s Causeway, is of
Miocene age, and forms part of the same old lava
sheet'that has produced such scenic effects about
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Edinburgh, which crops up in Fingal’s Cave, and
forms a submarine plateau that emerges in the Faroe
Islands, and is possibly continued into Iceland. It
is the last evidence we have of active volcanic dis-
turbances in Great Britain, occurring, however, during
a period we may consider as geologically recent.
The basaltic rocks in the‘ north-east of Ireland
undoubtedly present the grandest display of volcanic
strata in Great Britain. They cover nearly the whole
of Antrim, which county thus lies buried beneath an
old lava sheet. Its average thickness is over seven
hundred feet, and the chalk on which it rests is
frequently to be seen altered from its usual earthy
appearance into a crystalline or granular structure
owing to the intense heat and pressure it has under-
gone during the ancient volcanic overflow and
disturbance. The basalt of the Giant’s Causeway
contains seams of Lignite, or brown coal, the repre-
sentative of the vegetation which flourished here
during the Miocene period. In other places this old
lava stratum contains iron ore, in which (as at
Templepatrick) may be found the fossil remains of
plants and insects. These well-known geological
areas were visited during the meeting, and tolerably
full details were given of what was to be looked for
in the shape of minerals, fossils, plants, etc., that
being the custom adopted by most Local Com-
mittees for supplying their visitors with as full a

description of the scientific features of the localities
as possible,
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The pilgrims leave their mark upon the localities
which they visit. A spurt is given to scientific
investigation and inquiry, which is usually visible
during the succeeding winter months. Those who
are interested in science will then utilise the encour-
agement and popularity they have enjoyed to organise
scientific lectures. Young students are made by
these meetings, and older students take fresh courage.



CHAPTER XVI.

THE NORFOLK BROADS.

ORE localities in Great
& DBritain are unacquainted
with the footsteps of the
tourist than otherwise ; for
but few take a walk from
“John O’Groat’s to the
Land’s End.”” Here and
there, sparsely scattered
through the length and
breadth of the country, are
places of historical or tra-
ditional attraction, and on
these the interest of the
holiday-seeker is usually
concentrated. We English-
men like to have such spots chosen for us, and are
conservative enough to esteem it as unfashionable to
visit out-of-the-way localities, as it would be for a
Belgravian to canter through Whitechapel. Gen-
crally speaking, we require an old ruin, a mineral
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spring, or a long track of dazzling yellow sea-sand,
as a peg to hang our visit upon. Whilst we are
asking, “ Where shall we go this autumn ?” the usual
tracks of travel, from Dan to Beersheba, are so worn
and beaten that we are forced to cry, “ It is all barren!”
Holidays are spent in going over old grounds which
possess as much interest for us as travelling through
a railway cutting. True, some of our more adven-
turous spirits have mapped out fresh fields of recrea-
tive research, and the “wilds” of Norway, Canada,
and even Africa, are not unacquainted with the ring
of merry English voices.

Not long ago, a magazine article on “ The Wilds
of Cheshire ” suggested the description of new ground
to those who are adventurous enough to try it.
“The Wilds of Norfolk” are even more striking
than those of Cheshire. In many parts of Great
Britain there are spots resembling the latter; but
Norfolk stands alone in the character of its “ Broad ”
scenery. Walter White, in his pleasant, gossiping
volumes, has dwelt upon it enthusiastically ; but it is
necessary for a man to live in Norfolk thoroughly to
enjoy the topography of the Broad district. Wilkie
Collins, in his Armadale has given a slight but
graphic sketch of one of these Broads, but his picture
does not lie on the canvas long enough to be suffi-
ciently enjoyed. In his own way, also, Charles
Kingsley has adverted to many of the salient features
of the Fens, in Hereward. The district, however,
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felt many miles beyond where the water has ceased
to be brackish. Were any of those geological changes
of which we have heard so much to occur here, and
Norfolk to settle down a dozen feet or so, by far its
greater portion would be submerged. Here and
there, where the land lies lower than usual, the rivers
all but stagnate. Their waters spread out into
natural sheets or lakes, and are vernacularly termed
“Broads.” These are the “ Wilds” we have chosen
to treat upon. They resemble each other so much,
that a description of the principal features of one
would almost serve for the rest.

Notwithstanding the magnitude of the larger
Broads, few of them have a greater average depth
than eight feet, the majority being even shallower
stil. They are, for this very reason, exceedingly
favourable to the growth of a luxuriant aquatic vege-
tation, so that a greater area is covered by sedge and
bulrush than by water. These form a splendid cover
for snipe and innumerable species of aquatic fowl.
The Broads, however, are not what they formerly
were. The last hundred years have seen them
greatly altered,—the agriculturist will say for the
better, the sportsman will say for the worse. Any-
how, the marsh lands bordering them have, in many
cases, been drained and turned to good purpose;
whilst, since the introduction of the American weed,
—_Anacharis-—into this country, turf has been form-
ing at a more rapid rate, causing the area of the
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Broads to be greatly encroached upon. What will
be the result in another century it is difficult to tell,
but meantime we recommend a visit to a locality
where so much of the country exists now as it did
when the Iceni inhabited it, and where a man may
imagine he is no longer in England.

The sportsman who has spent a fortnight in fish-
ing and shooting over the Broads, will smack his lips
ever afterwards at the very remembrance. There he
finds water-hen and coot in abundance, snipe of two
or three species rising and twittering at every few
steps, wild duck and teal whirring from amid their
sedgy covert, or splashing farther into it. Pike of a
score pounds weight may be captured, and lordly
perch that will give a good half-hour’s play. Bream,
roach, and eels in various places swarm the waters,
whilst for size they can hardly be equalled any-
where else in England. In this district it is not
uncommon to hear anglers speak of their finny
captures by the “stone!”

Not the least important item about these Broads
is that they may be visited cheaply. A flat-bottomed
boat, roomy enough to hold a cart and horse, can be
hired for a shilling a day. If the visitor care to have
a companion who knows every square foot of the
country, he cannot do better than take one of the
marshmen with him, who will be glad to accept half-
a-crown for his day’s services. These men are civil
and exceedingly shrewd. They know every phase of
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local nature, and the habits of every fish, fowl, or
four-legged animal in their neighbourhood. Marsh-
men are a distinct variety of the genus Homo, for
their general isolation from society, and their habit
of spending so much time alone, make them naturally
taciturn. They can, if they wish, wile away the hour
by many a sporting or poaching adventure, told in
the naive, racy, Norfolk dialect. The visitor, however,
must be careful about the way he strikes a fish or
knocks over a snipe, for these men are exceedingly
critical on these matters, and, although they may
not say much, their supreme smile at any discomfi-
ture is not calculated to improve an irritable temper.

We will suppose you, gentle reader, to be the
sportsman aforesaid, that you have made all neces-
sary arrangements for an excursion, and that you are
about to start from the improvised pier near the
marshman’s cottage on your expedition. Gun and
angling-tackle have been stowed in the boat, and
your companion begins to pull through tall thickets
of bulrush and sedge, the watery lanes extending
through them for miles. Many a shot may be had
by the way, for the marshman will row as noiselessly
as if he had muffled oars. It may be that the cut
on which you are floating has a sudden bend. If
so, at the turn you will be certain to see half a
dozen coot sporting and frolicking about. Quick!
or all that is visible of them will be their white
rumps, and a few bubbles indicating where they dis-
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appeared! Should you go in the early morning, or
late in the evening, wild duck will be feeding. If
you lie concealed a short time before, somewhere
opposite to the wind, the chances are that you will
make a good bag. Proceeding on your pleasant
voyage many an uncommon object will arrest your
attention. Here and there the stately heron stands
like a statue. He rises lazily as you approach, and
slowly flaps away over the tall bulrushes, to continue
the process of digestion in a quieter spot. The
peculiar cry of the bittern is occasionally heard from
amid the reeds, although this bird, as well as the
little grebe, is now becoming very rare. The king-
fisher is still abundant, notwithstanding that his
attractive colours cause him to be remorselessly
shot down. He flits across the channel where you
are rowing, his brilliant plumage glittering in the
sunshine until he looks like anything but an honest
English bird. The reed sparrows twitter and chirrup,
and hang to the sedges, where they are swayed to
and fro by the wind. Here and there a black-headed
bunting pretends lameness in order to lure you away
from its nest. The length of the reedy cut loses
its monotony by these various incidents, and presently
you see it opening out into a magnificent sheet of
water, dotted with swampy islands, and set in a
framework of tall sedge and dwarfed alder or willow.
The eye readily catches a glimpse of many species

of aquatic fowl sporting on the surface, but, strong
R
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though the temptation may be to make towards
them, the attempt would be perfectly useless.

The boat glides over the Broad to some favourite
spot known only to your companion. Here he
thrusts down into the mud the two long poles he
brought with him, and makes the boat fast to them.
Below, in the clear water, you see shoals of fish,—
roach, perch, or bream. No sooner has the gut been
wetted than “bob ” goes the float, and your capture is
separated from you only by the length of your rod and
line. This, perhaps, is a part of the Broad which your
friend has repeatedly “ ground-baited,” so that you
may confidently reckon upon good sport. The great
glory of the Norfolk Broads, however, is their pike.
The usual plan of taking them is by “liggering ” or
“trimming,” and, destructive though this method is,
they do not seem to be less abundant in consequence.
There are several kinds of “liggers,” but the follow-
ing is the most common.—Be provided with good
store of strong twine, and plenty of pike-hooks
attached to gimp. Then take a bait,—roach is the
best,—and pass the gimp by means of a needle just
underneath the skin, until the hook is drawn quite
close to the head of the fish. The end of the gimp
is made fast to the cord. About a foot above the
bait is a perforated bullet to sink the line, and three
or four feet higher still, according to the depth, the
cord is tied round a bunch of dry weeds, so as to
represent a huge float. One end of the line is then
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made fast, and the entire apparatus is thrown into
the water. No sooner has the roach returned to his
native element than he makes desperate struggles to
escape. This attracts the attention of some pike on
the look-out for a feed, and, as this fish never scruples
to take advantage of his prey being in a pickle, he
snaps at it immediately. Down goes the impromptu
float, and the pike, finding he is caught, gets to the
end of his tether, and there quietly remains.

It is a usual plan for local sportsmen to go out
purposely for a day’s “liggering.” In that case no
angling 1s attempted. Two or three score liggers
are put out in various parts of the Broad, and, by
the time the last is laid down, it will be necessary to
take the first up. The whole day is thus busily
spent, and the general average of fish so captured
will be perhaps one half of the number of lines laid
out. As many as threescore pike have thus been
taken in one day. Not unfrequently, when the eager
sportsman rows up to a submerged float, and cau-
tiously hauls in his line, his heart palpitates as he
beholds a huge pike slowly rolling over and display-
ing his belly. Just as he draws him to the surface,
a pair of enormous jaws are displayed, there is a
sudden whirl of the tail, and the monster has disap-
peared! Instead of the capture reckoned upon,
behold a young jack of a couple of pounds! - With
the ravenous hunger of his tribe, superadded to that
of his juvenility, he had taken the roach, and got
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himself into trouble. Whilst replacing the original
bait, he had been swallowed by a cannibal neighbour,
out of whose capacious stomach he had been regret-
fully hauled. The intending capture, disappointed
of a meal extracted in so strange a way, has hastened
to the weedy depths below, there to meditate with
pike-like taciturnity upon the strange experience
which has just befallen him! Mr. Cholmondley
Pennell will lift up holy eyes of horror at this un-
sportsmanlike way of taking the pike. We are,
however, only humble chroniclers of actual facts.
Even he would find “spinning” at a discount,
although on the very deepest Broads. The weeds
are so numerous, and the water so shallow, that all
his time would be occupied in disentangling the
spoon or artificial bait, not from the gorge of the
pike, but from the clutches of anacharis and potamo-
geton. True, the navigable streams which usually
run through the Broads are kept pretty clear from
these entanglements, and here, in the months of
September and October, some splendid and more
legitimate sport may be had.

In eel-fishing, we are not aware that the laws of
angling have laid down any rule, except that famous
one of Mrs. Glasse. In this department, at least, it is
fair to take your fish any way you can, the only im-
portant point being that you do take it. For many
fishermen who regard it as a breach of morality to
take a pike otherwise than by spinning, can look
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A series of large worms is strung on cobbler’s
worsted and coiled into a knot. This is fastened to
the end of about six feet of strong cord, and a weight
is attached about three inches above the bait. The
line is then tied to the end of a stout hazel-pole ;
and, provided with this simple tackling, about nine
o’clock in the evening you row to a part of the river
or Broad where there is a tolerably clear bottom.
Having made fast the boat, and of course lit a pipe
as a preliminary, you gently let down the line until
you feel the bottom with the weight. It is then
drawn up again until the bunch of worms just trails
on the ground. Many minutes will not have elapsed
before you feel an electrical sort of jerk travelling
down the pole into your right arm. Another tug,
more powerful than the former, and quickly, but
without any plucking, you raise the line over the
boat, and in flops a big eel! We have known a
couple of “ babbers” to take as many as two or three
stone of eels in a single night. No small amount of
practice is required to drop your prey into the boat.
If the eel happen to be unusually large, the chances are
that you tug at him so strongly that, when you lift
him out, the impetus carries him over the boat, and
drops him in aqua pura on the other side! We
have enjoyed few sports more than “ babbing.” The
clear starlight overhead, the sighing and soughing of
the wind among the reeds, the ripple of the water
against the boat, and the strange sounds which break
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some fine shooting to be had here, and not bad fish-
ing during the summer. But, to get into the “ Broad
district ” proper, you must go up the river Bure, which
also empties itself into the sea at Yarmouth. This
river is more sinuous than any other, owing to the
general flatness of the country through which it
passes. Considering this, however, the scenery is
tolerably diversified and agreeable.

Travelling up the Bure, in a north-westerly direc-
tion, you reach Filby Broad, at a distance of about
five miles from Yarmouth. This spot has long been
famous for its wild duck and teal ; its neighbourhood
to the coast making it a splendid shelter for these
birds. Its fishing is not less abundant, and although
this Broad only extends over an area of one hundred
and sixty acres, its narrow and sinuous character
makes it appear much larger. It is divided from
Ormesby Broad,—preserved on account of its being
the main water supply to the town of Great Yarmouth,
— by a narrow road-bridge. With the exception of
those at Barton and Wroxham, there is no Broad in
Norfolk so picturesque. Indeed, were the vegetation
a little less English, you might easily imagine your-
self upon one of the Italian lakes! Horsey Mere,
although only a few miles distant from Filby as the
crow flies, is a long way by water, and you will have
to leave the Bure once more toreach it.  Still higher
up is Hickling Broad, the largest and most extensive
in the county, being above three miles in circum-
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are also connected with each other by a narrow strait
of water. Both possess great attractions for the
botanist on account of their many rare plants. No-
where, perhaps, do perch attain the size they do here,
three-pound fish being net uncommon in the deeper
parts. The swampy margins of these Broads are
pea-green with the little marsh fern (Pobypodium
thelypteris), whilst great thickets of the royal flowering
fern (Osmunda regalis),—truly so called,—seven and
eight feet high, give to the shores almost a tropical
appearance! In the evening the aromatic odours of
the Sweet Gale, whose arborescent underwood covers
the turf, are wafted over the lake with delightful
effect. The Bladder-wort also,—always an interest-
ing botanical prize,—is tolerably common here. With
these associated floral and other rarities, it is not sur-
prising that the Lepidoptera should be equally various,
or that the entomologist should make his best captures
in such a neighbourhood. Numbers of entomologists
frequent the neighbourhood of Horning Ferry, for the
purpose of taking that exquisitely beautiful insect the
swallow-tail butterfly (Papgilio Mackhaon). The prin-
cipal Broad through which the river Bure passes is
that at Wroxham, about seven miles distant from
Norwich. The water is deep enough here for an
annual regatta to be held, which is always a source
of attraction to Norwich people. Walter White has
given a lively description in his Eastern England
of one of these “water frolics,” as they are locally






CHAPTER XVII.
OLD WINE IN NEW BOTTLES.

"':-;ﬂNY times we are tempted
§~ to put a literal construction
on the old-world saying—

“There is nothing new under
the sun.” The chief differ-
ence between the ancients
and moderns almost seems
to lie in the fact that we
have better means of carry-
ing out our ideas than they
had. It is really surprising
what a multitude of old
friends may be recognised
under ancient masks. Ideas
which have been filtered
through millions of minds, which have dropped
through one language into another, have had the
time, place, and person on which they hung all
removed, still remain in substance unchanged. What
philologists say of “word-roots "—that they may be
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kinds of modern ideas find their representatives in
the literature of antiquity. The most dazzling of our
systems of philosophy would have been baseless
without those of Aristotle, Socrates, and Plato. But
we little imagine how much we are indebted to the
Greeks for the very tales which for so long have been
effectual in setting “ the table in a roar.” That such
is the case, however, any student of out-of-the-way
Greek authors who has read Hierocles is well aware.

This classic “ Sidney Smith” was the great op-
ponent of the Sophists, and did for them exactly
what our own Punci would have, had his comic lord-
ship then been in existence. The pedantic pride of
that sect raised the bile of the cant-hating wit, who
accordingly made them the butts of his jokes. Many
of these were so good, that they have been in ex-
istence ever since. All the circumstances, the
auxiliaries, have been changed ; but the substance
of the jokes has not evaporated. We have decanted
this old wine repeatedly ; but it has proved none the
worse for the process. Strange enough, many of our
modern Joe Millers are merely free translations of
Hierocles’ jokes, although few readers or utterers
of the former are aware of it. No tale is anything
without a peg to hang upon. This peg our ancient
jester found in the Sophists, or Sckolasticus; we dis-
cover it in Irishmen. It is really astonishing what
a number of “bulls” we habitually refer to the
natives of Hibernia, which were fathered more than
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same condition as that of his sleeping companion !
The tale runs on to tell how the philosopher had to
get up before the rest to pursue his journey, and
accordingly was wakened early for the purpose.
No sooner was he aroused than, putting his hand to
his head and finding it denuded of its hirsute cover-
ing, he declared they had wakened the wrong wian /
Nearly a similar story is told nowadays of an Irish-
man who, being on the “tramp,” practically realised
the truth that travellers become acquainted with
strange bed-fellows. In stopping at a village inn, he
found himself obliged to sleep with a negro. During
the night some wags blackened his face ; and Paddy,
having to be called early, rose and went on his way,
as usual unmindful of ablution. After he had got some
distance on the road—so runs the common story—he
accidentally saw his blackened features in some water
by the way side, when he immediately returned, declar-
ing they had wakened the “wrong man afther all!”
It is impossible not to see the clear connection between
these two tales, although upwards of twenty centuries
elapsed between their telling. Again, who has not
heard the story of the two Hibernians who, having
twenty miles to walk before they reached London,
and being dead-beat, cheered each other by declaring
it was only ten miles apiece?  There are few of us
who have not fallen into the trap of uttering something
like this as original. The ancient Greeks, however,
told the tale of four Sophists; and the joke has passed,
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nature could not afford to let them die. It is too
fond of an occasional ray of laughter to solemnly
bury what produces it, and therefore has carefully
handed it down as a legacy from one generation to
another. But there is a dark side to this antiquity
of jokes, as well as a bright one. We have not only
preserved all the good old wine, and rebottled it in
more attractive magnums—we have also received a
legacy of unfit beverage along with it. The weak-
minded and “fast ” young men, who prime each other
with tales and narratives unfit for their mothers and
sisters to hear, are little aware they are retailing
merely the dregs of Aristophanes, Boccaccio, Rabelais,
or La Fontaine! All the genuine wit and humour
which this morality iz extremis was lugged in to
illustrate has been forgotten or lost sight of, so that
the narrators have not even the merit of originality
in their lasciviousness !

But not only are many of our jokes, good and
bad, as “ old as the hills,” but our fables are generally
still more so. This is a fact in literature so well
known generally as to require little proof in these
pages. Aisop’s fables will live as long as the world
endures. The poets and writers of most European
countries have gained another reputation, either by
translating or paraphrasing them, to say nothing about
their having served as models for similar and original
attempts. In England, our own Gay transposed them
in smooth native verse for the use of his royal pupils.
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ing though that engagement may be. The scattered
incongruous myths and legends which most civilised
nations have in common give us a glimpse of the
former unity which bound races together before their
prehistoric migrations. The “ whence and whither”
of nations speaking a hundred different languages are
frequently better indicated by their half-forgotten and
much changed traditions than from their physiological
resemblances. We have no hesitation in believing
that the roots of many popular beliefs and legends
extend backwards to the Palaolithic age, when
savage man was companion to the woolly-haired
Mammoth and Rhinoceros. Singularly enough, what
comparative philology, in the hands of Max Miiller and
others, has so plainly indicated—uviz. the origin of
all European and Asiatic peoples from a common
Aryan source—is more or less borne out by the still
younger science of comparative mythology. The
latter takes these obscure myths, compares and collates
them, and out of seeming chaos brings forth unity of
origin. The commonest differences in these family
traditions are just those we might expect from our
knowledge of the geographical distribution of animals
and plants. These #ncidentalia naturally change in
the tradition with the fauna and flora of the places
where they are mentioned—modified much after the
fashion that English colonists gave the names of
“dog,” “bear,” etc, to the marsupial animals of
Australia most resembling these well-known creatures,
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from the still more ancient Egyptians. Whence this
“ pyramid-building people” obtained them, we can
only guess from the identity of some of their myths
with those of the Hindoos. In many cases, from the
latter to the Roman Catholicism of the sixteenth cen-
tury, we have an unbroken, although greatly modified,
sequence of legend. The close resemblance, amount-
ing frequently to identity, of Scandinavian and Celtic
myths to those of ancient Hindostan, is a wonderful
instance of the assistance given by comparative my-
thology to the science of language and ethnology.
It requires little logical perception to see there must
have been some connection between peoples so far
removed in time and space as the ancient Druids of
Britain and the modern Javanese, as the following
will show : The inhabitants of Java have a supersti-
tious reverence for the Ficus religiosa—which tree re-
ceives its name on that account—because there grows
upon it a species of mistletoe! With our own pagan
ancestors it was the oak which received semi-worship
on that account.

A French geologist has lately thrown out the idea
that the huge fossil bones of anthropoid apes, etc.,
found so abundantly in the Miocene beds of Pikermi,
near Athens, may have influenced popular belief in
the tradition of the Titans warring against Zeus, and
others of a similar kind. And it has frequently struck
us that the tradition of a Deluge, certainly more or
less believed in by every distinct nation or race, may
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Ages applied to a hypothetical Jew who refused to
allow the Saviour to halt at his threshold as He was
bearing the cross. But the ground-work of this
legend is considerably older than the Christian era.
The story of the Seven Sleepers of Ephesus has both
an Oriental and Scandinavian source. The idea of
a miraculous sleep is not limited to these mythical
individuals, but extends to Charlemagne, Thomas of
Ercildoune (see old ballad), and Frederick Barbarossa.
We find it shadowed forth in the traditions of North
American Indians, and it was common property, ten
centuries ago, to every country in Europe. Even
the mysterious symbol of the cross—properly deemed
so peculiarly characteristic of the Christian era—has
an antiquity extending for centuries beyond the date
when it was supposed to have originated. We find
it connected with Hindoo mythological figures, and
even engraved among Assyrian hieroglyphics. It
was an ornament or symbol among the Etruscans,
and has also been met with among the Mexican
antiquities of Central America. Both among the
Romans and Greeks it was well known, and the writer
has seen it on British pottery considerably older than
the Christian era. Singularly enough, there were
varieties of the cross-symbol in ancient times, just as
we have them at present. The sacred sign throws
its protecting shadow backwards as well as forwards,
as though it would shelter and protect all the races
of mankind. The legend of the Piper of Hamelin is
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We cannot forbear quoting the passage which
treats on this singular and unlooked-for relationship
between ancient and modern religious idea. “A
careful study of these sources will, I am satisfied,
lead to the discovery, that under the name of Method-
ism we have the old Druidic religion still alive,
energetic, and possibly more vigorous than it was
when it exercised a spiritual supremacy over the
whole of Britain. With the loss of the British tongue,
much of the old terminology has died out, and a
series of adaptations to Christianity has taken place
without radically affecting the system.”

Farther, Mr. Gould tells us that it is a fair sub-
ject for inquiry whether the popular iconography of
the angel-hosts is not indebted to ancient tradition
for its most striking features. Another heathen
myth is “ embodied in the tenet that the souls of the
departed become angels. © In Judaic and Christian
doctrines, the angelic creation is distinct from that
of human beings. According to a Druidic dogma,
the souls of the dead were guardians to the living ;
a belief shared with the ancient Indians. Thus the
hymn, ‘I want to be an angel, etc,, so common in
dissenting schools, is founded on the venerable Aryan
myth, and therefore of exceeding interest, but Chris-
tian it is not.”” The very basis of so-called “spirit-
ualism,” therefore, lies not in Christian, but in the
old Druidic dogmas. Truly there is “nothing new
under the sun,”
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THE COUNTY PALATINE.

NSPHEN we consider that on
#, all hands Lancashire is
allowed to be one of the
most important counties in
Great Britain, it is surpris-
ing how little most outsiders
know of its real character.
We have a vague idea it isa
land fruitful in tall factories
and ugly collieries; and
have seen caricatures of it
in the London drama in-
tended for accurate repre-
sentations. There we have
been introduced to under-
ground and factory life, as believed in according to
the rules of dramatic art., But the genuine Lanca-
shire character remains unsketched, except in the
pages of Zzm Bobbin, or in the works of native
authors, to which we shall presently allude. The
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character, go by the name of “edges” just as the
Spanish term similar elevations “sierras.” The
higher ones are denominated “ pikes ”—a corruption,
doubtless of “peak;” and many others are called
“lows,” a slight corruption of the old Saxon word
“ Llaw,” a hill.

But it is in the character of the inhabitants of
this region that Lancashire is a county suz generis.
They are marked off from any other by a peculiar
idiosyncrasy, which distinguishes their general habits,
customs, and recreations. The introduction of rail-
ways and machinery has done much to smooth down
the angularities of character ; but there are still suffi-
cient left to individualise it. It existed in its un-
shorn strength rather more than half a century ago.
In the old days, before factories had been built, and
when hand-looms alone kept up the fame of “ Man-
chester goods,” the head of a family, however poor, was
a sort of patriarch, and wielded an absolute monarchy,
against which sons and daughters of twenty-five
durst not rebel. It was then a source of honour as
well as of profit for a man to surround himself with
a family of stalwart children. The father certainly
spared not the rod, but knocked down sons big
enough to have almost eaten him. But this was the
general rule ; and so nobody thought of opposing it.
These were the good old times when tea was half a
guinea a pound ; and so little were the good people
acquainted with it, that it is on record how one old
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unfrequently getting drunk, and leaving their floral
display in some ditch. Open house prevailed every-
where ; and people would have gone with half food
rather than plenty of home-brewed and roast-beef
should be lacking at “wakes” time. The hand-loom
weavers and hatters were as fond of fighting as Irish-
men; and these were the occasions when long-talked-
of battles came off. Many a white-haired out-door
pauper, who has outlived his wooden loom, still
lingers to tell of the days of his youth, before modern
changes had, in his opinion, so greatly altered things
for the worse.

“ Hatting,” or the manufacture of the antiquated
beavers, was formerly as great and peculiar a Lanca-
shire trade as weaving, and, like the latter, tended to
support patriarchal authority by obliging sons to
work together under the supervision of the father.
A sort of caste existed in these trades, children
invariably following the avocations of their parents
for generations. They were brought up to the huge
wooden boiler at which the “ body-makers” or felt
hatters worked, and if too small, were mounted on
wooden blocks to enable them to reach the padding
table. One window was usually left open for the
escape of the steam, and this was the only means of
diversion, when the parental eye was engaged, of
which the youthful slaves could take advantage. It
enabled the more mischievous to shy patches of hot
“ strickaw,” or felt, through at some unfortunate cur,
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The colliers are a rough but kindly class, As regards
their thorough independence, some of them imagine
they can only show it by “purring” the stranger
who might offend them in any way. But, at the
same time, they are equally as ready to trouble
themselves in order to do you a personal favour, and
that too in scorn of fee or reward. Supposing you
to offer payment for such civilities as being shown
some road or another you have inquired about, and
offer it to the man who has gone half a mile out of
his way to oblige you, most likely his reply would
be, “ Aw want none o’ thy brass!” In every road-
side public you enter, if a score of colliers are drink-
ing, you will be proffered a huge stone mug with
“ Here, sup !” and a refusal would be the most direct
way of insulting them. Nothing could be noisier
than the company of such men on the occasion of
their regaling themselves on the Saturday afternoon
—the only time, in winter, except Sunday, when they
see daylight. You would expect a fierce fight every
minute ; but this demonstration only carries off the
superfluous energy, and the row ends with a song,
in whose chorus every double-bass voice joins, or in
some of the company giving a clog dance on the
wooden board let into the sandy, flagged floor for the
purpose. The tales told of these men’s recklessness
in times gone by almost make one’s blood run cold.
It was no uncommon practice, when a collier arrived a
minute or two late at the pit’s mouth in the morning,
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for him to leap into the middle of the horrible black
gulf down which the cage was fast descending, and
catch at the rope with as much ease and coolness as
a Londoner would leap on the footstep of a slowly
passing omnibus. This recklessness has been much
circumscribed since government inspection has been
devised ; but it still shows itself as a splendid bravery
whenever an explosion has taken place. If a coal-
pit have peculiar horrors to a stranger when in a
safe condition, fancy what it must be after a cata-
strophe of this sort has occurred, when roof and gallery
have been shaken down, and the dreadful * after-
damp ” has wrapped scores of victims in its deadly
folds! For a man to coolly descend a mine between
four and five hundred yards deep, up which this
insidious enemy has partly crept, and risk his life for
the sake of rescuing the mangled bodies of his com-
rades, indicates a bravery equal to anything that ever
won the Victoria Cross. There is none of the
excitement of battle to brace the nerves; but instead
the agonised cries of a host of half-crazed women
and children on the “ bank,” and a fearful expectancy,
making the heart thump against the ribs with a
force to unman a giant.

The Lancashire people, not excepting the colliers,
are what we should call essentially religious. This
has more or less permeated their whole system ; and
though one hears frightful oaths, we never hear
religious matters spoken of blasphemously. Nowhere
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in England has Methodism taken such strong root as
here. Its simple form of worship suits the native
character. Among the colliers that peculiar off-
shoot calling itself Primitive Methodism, but better
known here as Ranterism, is the most patronised.
To be present at a colliers’ prayer-meeting would
shock the sensitive ears of Belgravian high-church
devotees ; but for real earnestness of worship we
prefer the former. The speaker who engages in
prayer—and these men have so read the one Book
that it is a string of rich Scriptural passages, spoken
or rather shouted in a clear diapason—is accompanied
by his whole audience in a loud commentary of
devotional outbursts. It is no uncommon thing to
hear such exclamations as the following, for the
truthfulness of which we can vouch: “ O Lord,” said
a self-accusing collier, named, as is the custom, after
his father and grandfather, “ Joan o’ Bills,"—“0O
Lord, wheer should I ha’ bin if aw'd never bin con-
verted ?” “In hell, Joan!” answered the leader of
the meeting; and not a man there but felt the
solemn possibility of the remark. The sermons
preached by the lay or local preachers are no less
commented upon by their ardent hearers, and a
young beginner must learn to possess his soul in
patience, and be prepared for open expressions of
approval or dislike—just as we are told was the
custom among the early Christians. It frequently
struck us during a recent debate on the deficiency
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had a “ goold watch i’ his pocket, an’ a good broadcloth
cooat on his back.” Then followed the details of his
succeeding life—of his old father praying and agon-
ising for him—the whole reaching its climax as
given by the preacher: “ But aw’ll goo whoam agen ;
aw know my owd fayther will tak me back!”
There was hardly a dry eye in the chapel. We
shall never forget another occasion, when the man-
ner of the preacher in giving out his text was such
that no sermon followed. It was that passage in
Jeremiah : “The harvest is passed, the summer is
ended, and ye are not saved!” The slow solemn
earnestness of the speaker whilst giving out these
words had such an effect, that a prayer-meeting took
the place of a sermon. In many of the country
chapels, at times like this, when the congregation is
unusually roused, a “ penitent form ” is placed, and
the startled hearers are waited upon by the leading
members, and persuaded to come forth and kneel
there. Scenes of this sort leave an impression never
to be forgotten. The loud and earnest prayers of
the “ penitents,” the stentorian voice of the individual
who is “ offering up,” for him, the running commentary
of phrases from the rest of the congregation, and the
sobs and even cries of the affected—these incidents
are only to be found in a Lancashire Methodist
chapel during a revival service.

Until we approach the Border, the north-western
portions of England, and Lancashire in particular,
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are very poor in antiquities. Tradition, perhaps,
makes up for this deficiency ; for there is hardly a
parish that has not some oral archzology. Some-
thing seems to have been known of the County
Palatine in the days of the Romans, for one or two
“iters,” or great roads, passed through it, notably
that to York. Antiquaries have recently transferred
the Roman name of Manchester to Wigan ; and this
is an illustration of the fog in which Lancashire
ancient history is wrapped. Nobody knows so much
of these things as our old friend Charles Hardwick
—“th’ historian o’ Preston,” as poor “radical”
Bamford called him, The worst (or the best) of it
is, if you set him astride his favourite hobby, you
had better give up the idea of putting a word in for
a couple of hours at the least. Without those means
which render archaology a fashionable pursuit among
the wealthy, Mr. Hardwick has walked thousands of
weary miles, and spent weeks and months in work-
ing out the antiquities of Lancashire. How success-
ful he has been is indicated by the fact that from his
ipse dixit there is no appeal. The Historic Society
has done good service in these matters, and obtained
more than a local fame. We know little or nothing
of the sort of characters the Romans and Normans
had to deal with in Lancashire ; but we can con-
scientiously say that, if they were anything like their
modern representatives, they had anything but an
easy time of it before they conquered them.
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To make up for deficiencies in pursuits of this
description, the Lancashire people are gifted with an
earnest love of Nature, as well as of Music. No other
county has produced so many botanists and ento-
mologists. There is hardly a nook or cranny in the
shire that has not been visited by the operative natu-
ralists. Poor old Richard Buxton was one of these,
He always seemed to realise the description of
the wandering “ botanist,” given by Wordsworth in
his Excursion. Many a time have we seen his
stooping figure slouching along the roads, with a
microscopic eye to the “hedge-backings,” as they
are termed in Lancashire. His only education
was at a Sunday school; but he managed to
pick up some tolerable Latin, and published a
book, the Bofanical Guide—the wade mecue of all
Manchester botanists—in which every flowering
plant, moss, ‘and lichen within sixteen miles is
noted down, its natural history and Linnaan
classification given, together with a summary of
its medicinal virtues. We never found this little
handbook to fail us; yet, we do not believe poor
Buxton ever earned a pound a week in his life. He
was a “clogger” by trade—a mender of those
wooden-soled shoes so much used in Lancashire.
A more simply touching and tender bit of autobio-
graphy does not exist in our language than in this
“ brief memoir of the author,” which prefaces the
Botanical Guide. Almost every village has its
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to possess herbariums has sometimes nearly destroyed
the valued botanical treasures over which generations
of working-men naturalists had kept religious guard.
The love of horticulture in Lancashire is exceeded
nowhere, always allowing for Norfolk ; and a patch
of cottage-garden, however small, is set apart for the
growth of “ pot yarbs” or kitchen physic. The late
Sir William Hooker was in regular communication
with many of the Lancashire muscologists, and more
than one species of moss is named by him after their
discoverers. The entomologists have obtained no
less wide a renown, as all our readers skilled in this
science are well aware. The ardour with which these
pursuits are engaged in can hardly be understood by
those who know nothing of the close confinement of
cotton-factories, or the enthusiasm with which the
love of Nature inoculates every student. Notably
one man we knew, a blacksmith, who in the summer
months would leave his work at six in the evening,
and walk eight or ten miles to Dunham Park to
“sugar” for rare moths ; this means plastering certain
trees with a composition of honey and attar of roses
to attract these insects, after which they are collected
by the hunter. The same individual was at his work
by six next morning, apparently all the fresher for
his night’s adventure. Of course, Sunday is the prin-
cipal day on which these pursuits are followed ; for,
poor fellows, they have few holidays enough, and one
can hardly blame them for zealously studying the
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falling away, we do not think Sunday schools are so
numerous anywhere in England as they are in Man-
chester and the surrounding towns and villages.
They have exercised a vast social and religious
power in neutralising the temptations of such dis-
tricts. Once a year, in Whit-week, these schools
have a three days’ carnival. Every town turns out
into the country. Trains are run on all the railways
so close upon each other’s heels, that one wonders
more accidents do not occur than is the case. Each
train is laden with buoyant, jubilant youngsters, free
from the hot factory and stifling foundry, who sniff
the fresh air and bask in the bright sunshine like
young fawns. The teachers and many of the parents
attend on them; and if a stranger were to visit
Manchester towards the latter end of this week, he
would fancy, from the closed shops and dearth of
people, that the city was deserted. Physiologically
these outings, which are brief and rare enough,
Heaven knows, must be of infinite service to the
young in checking or warding off those incipient
diseases which hard work and close confinement
cannot fail to engender,

When Mr. Barnes popularised the dialects of
Dorsetshire, he was little aware that in Bolton a
weekly magazine had for years been successfully
conducted in the Lancashire dialect. A revival of
provincialism has taken place within the last few
years ; and the Poet Laureate, in his “ Lincolnshire
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the former writer. Brierley’s tale of “Jimmy the
Jobber” is a splendid example of what power a
dialect may possess. Many of Bealey's poems are
intensely homely, particularly his “My piece is o
bu’ woven eawt.” All these men have sprung from
the soil, and exercise an immense influence over their
fellow-countrymen. Edwin Waugh’s songs sell by
thousands, and are sung in every town and village,
whilst for breadth and wealth of humour, it would
hardly be possible to find anything in our literature
to surpass such stories as “ Besom Ben,” the “ Barrel
Organ,” etc.

The Lancashire dialect, notwithstanding its broad
vowels and somewhat drawling style, is anything but
unmusical in the mouth of a genuine native. Away
towards Blackstone Edge you hear it in perfection ;
but it is necessary to listen to some spreeish tale told
in it to understand its power for expressing the
broadly humorous. This feature, before mentioned,
is one of the most prominent in the personal charac-
ter of the inhabitants. We do not think the ver-
nacular of any other locality can offer a parallel to
that of Lancashire in this respect. Add to it, that
the people are many of them full of ready ‘dry
humour, and naturally see the funny side of things
first, and you may judge how queer some of the
dialectic narratives are. A short time ago we were
in the neighbourhood of Birtle, three or four miles
beyond Bury, and a place well known around for the
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character of its inhabitants. They are all more or
less related, for “th’ Birtle lads” allow nobody to go
courting the lasses, except those from their own
neighbourhood! A friend was with us, and after a
few hours’ ramble among the hills, the inner man
called for refreshment. We entered an old-fashioned
public-house, and regaled on such a dish of ham and
eggs as you can only get in Lancashire. Talking
over the day’s occupation, chiefly geological, we were
interrupted by a stalwart fellow, who had been quietly
smoking and listening meantime, with (for the art of
personal introduction is here unknown),

“ Aw say, con yo’ tell me how /4ezgz Adam wur ?”

We confessed we had not felt sufficient interest
in our first parent to be so far inquisitive ; but, to
see what was coming, we replied, Quaker fashion,

« Why ?”

“Becose,” said he, “me an’ another chap had a
argiment, an’ he swore as how Adam wur forty yard
hetgh”

“Well,” said my friend, “ that's a doubtful ques-
tion ; some say he was forty-one.”

The interrogator was not to be put down.

“Ah,” said he, “but this chap writ to th’ editor
o't’ London Zimes ; an’ he sent word as they couldna’
tell Adam’s height, becose there wur nobody theer for
Y measure him !

On another occasion, we were passing along the
road, when our companion pointed out a man who
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was approaching, who, he declared, would be sure to
say something original if spoken to, He was a
vendor of toffy, which was displayed in a tray carried
in front of him.

“Why, Tom,” said our friend, “you’re spelling
‘toffy > with only one £/”

' “Well, mon,” replied he, “it’s o’ there wur i’ th’
alphabet ; aw took o’ there wur!”

Never did the character of the Lancashire people
stand forth in nobler relief than during the “cotton
famine.” We were living in the district at the time,
and came into contact with its consequences in such
a manner as to have them impressed on memory for
life, Never shall we forget the many scenes of
patient suffering and quiet misery then witnessed.
Much as the country heard of it, these under-currents
rarely appeared on the surface. True, England did
her duty on that occasion in such a way as to uphold
her generous character. We knew whole families to
subsist for weeks principally on nettles gathered by
the wayside, and afterwards boiled like cabbage,
before they surrendered their independence. The
disgrace of being “ poverty-stricken,” as it is termed
here, impelled them to put the best side outwards,
and not to seek relief until absolutely forced,. But
most of this had to break down before the iron hand
of sheer hunger. If any of our readers chanced at
the time to witness the quiet thankfulness of the
recipients at the soup-kitchens or sewing-classes, they
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friends, and then ended by singing that grand old
hymn, a great favourite with Lancashire people,
“ Praise God, from whom all blessings flow !”

Hugh Miller said of Scotland that her Calvinistic
tenets had made her inhabitants a thinking people.
We believe that the reverence in which the Lanca-
shire people hold the Bible—speaking purely as a
matter of cause and effect—has done more than any-
thing else to mould its manly character. It assimi-
lates in its deeper religious tone to that of the sturdy
old Puritans ; and there would be little difficulty in
extending the parallel to more secular features. The
business habits of the cities and towns, the rubbing
against each other of men in earnest, has strengthened
and encouraged the growth of native energy, on the
principle of Darwin’s theory of “ Natural Selection.”
Hence, whatever the inhabitants of the County
Palatine undertake, whether in business, politics, or
religion, they do it with all their might.




CHAPTER XIX

THE STORY OF A RECENT SCARE.

(Y the name of “bugs”

Transatlantic cousins de-
nominate all the beetle
family. So far they differ
in their popular nomencla-
ture from ourselves, who

have elevated only one in-
sect to the dignity of the
name, and that not a beetle
—the toocommon bed-bug
(Cz:we:r f&'ﬂfﬁ&fﬂﬂiﬁ) or the B

has called it. The word
| “bug” is of Celtic origin,
~and signifies something
terrible, or to be dreaded. As such, its use still
lingers in our word “dug-bear,” and in the more
distinctive North Country word “boggart.” The
allusions to the bug in Shakespeare are not to be
understood as referring to this unpleasant bed-fellow,
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for it had not then made its appearance in England.
How the word was narrowed to something dreaded,
we have proof in an older translation of the Bible
than the authorised one, where, in the passage in
Psalm =xci. 5, “Thou shall not be afraid of the
ferror by night, etc.,” instead of the modern word
terror, we have bugge ! Indeed, this insect is believed
by some entomologists not to have appeared in this
country until after the Great Fire in London in 1666,
when a great deal of American timber was imported
to rebuild the Metropolis.

When we consider how intricately we are brought
into connection, through our commerce, with every
country in the world, we cannot be surprised that
we should import living insects. Ever since the
great scare three years ago, we have been taking
precautions against the introduction of the Colorado
beetle (which, by the general terror it has inspired,
is worthy of the Celtic signification implied in its
Yankee name of “ Potato-dug”); but this insect is
almost sure to make its appearance somewhere or
another in Great Britain. Whether it will take up its
quarters permanently is another matter, as we shall
presently see. The wonder is, not that our fauna
and flora receive occasional additions from other
countries, through our close and frequent relations
with them, but that we do not get more. The
reasons are not unknown to naturalists, especially in
the light thrown upon them by “ Darwinism.” There
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Hope get distributed and germinate. No doubt the
same kind of thing is going on with exotic animals.
These incidents could be abundantly multiplied,
but our object in drawing attention to them is to
show that it does not follow, because foreign animals
and plants get introduced into this country, they
will take up their residence with us. Nay, we do not
hesitate to say that the chances must be hundreds,
if not thousands to one, against their taking up their
abode here. This is proved by the very few species
which have gained a recognised foothold within the
last three hundred years, notwithstanding the constant
invasions. It is not as if England had only just
emerged from the sea, and had no native animals
and plants on its surface. When an island does
emerge, it may be populated with any kinds of ani-
mals and plants which can live in the temperature
of such island. In England every animal and plant
has long ago been more or less adjusted to the
physical conditions surrounding it. Both have
“brought forth abundantly,” and the dry land,—
marsh, plain, valley, hill, and mountain-side,—are
clothed with plants of every degree of simplicity
and complexity. Each common species swarms with
varieties, the latter having been formed as changes
in the environment demanded, so that in this way a
constant adjustment has been carried on. It is the
same with animals (or rather zvas until man inter-
fered, as he thought for the best—as it has turned
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any newly-imported insect would be detected on
account of its strange appearance, and disposed of
accordingly. In the first place, therefore, one reason
against the Colorado beetle becoming abundant in
Great Britain is the fact that we have a long-con-
tinued balance of animal and vegetable life, which is
decidedly unfavourable to the successful invasion of
an insect whose procreative powers demand an abun-
dance of food. Secondly, our numerous wild birds,
from the rook to the wren, are so many insectivorous
police, guarding us bodily from invasions of this kind.
Thirdly, our damp, rainy climate, would, in the case
of the Colorado beetle, serve us in good stead. “It
is an ill wind which blows nobody good,” and here
we ought to be thankful for the fickleness of the
weather against which we persistently rail! The
“ Potato bugs” could no more stand our damp and
rainy climate than if they were Parisians. Certainly
they could not breed here as they do in the United
States, where four broods are common in the year.
But, it may be asked, how is it that this dreaded
beetle has spread over so many States of North
America in so short a time? To this we answer that
the climate of the United States is of that kind known
as continental—that is, liable to intense heat in the
summer, and extreme cold in the winter. The hot
and dry summers favour the beetle’s development,
and account for its exceptional reproductive powers.
Again, the entire area of the United States has had

.
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its abode. It is much more likely to spread in
Germany than in England, on account of Germany
having a continental climate—that is, hot and dry
summers, which would favour the beetle’s develop-
ment. On the other hand, the German Government
are protecting their small birds even more than we
are, and to rob a bird’s nest even of its eggs is penal ;
so that the Colorado beetle, in spite of the dry
summers of Germany, will have more foes to con-
tend with in the shape of insectivorous birds than it
has been accustomed to. The fact that no further
results have ensued from the appearance of the potato
beetle at Mulheim, prove how effective are the natural
ornithological agents against its propagation.

The spread of the Colorado potato beetle (Dory-
phova decemlineata) is a matter of history. It was
first discovered and described as a very handsome
beetle (which it certainly is) in 1824, when it was
found in the Rocky Mountains region of Missouri.
At that time it was found feeding on a wild species
of potato, for it is not particular to one species. As
the country west became more settled upon, and
crops of various kinds were planted in the clearings,
the squatters came into painful experience of what
was to them a veritable “bug,” or something to be
afraid of. The potato is one of the food plants which,
we may be sure, will accompany the adventurous
wanderings of the white settler. Accordingly, when
the potato crops spread westerly, the potato beetle

I —
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voraciously, changing their skins often, and devour-
ing all the leaves down to the haulm. No potatoes
can grow, no tubers can be formed, for the plant is
destroyed before the tuber has commenced ; so that
the idea is erroneous about the potato beetle feeding
on potatoes. The fact that, under favourable con-
ditions, this beetle will lay four sets of eggs in one
season, and that the progeny from a single pair of
beetles, if undisturbed, would number 14,000 at the
end of the season, is quite sufficient to account for
the disappearance of miles upon miles of the potato
plants.

As in many other instances where some knowledge
of natural history is required (in the United States a
knowledge of the beneficial and noxious insects is
deemed so valuable that a State Entomologist is
salaried by the country), we had many ludicrous mis-
takes made in England during the last summer or
two as to the identity of the potato bug. The most
delightful of them was the pathetic description which
appeared in one of the Central Press telegrams, of a
poor Colorado beetle having been caught clinging by
one leg to a mooring-rope which hung down to the
water along one of the Dublin quays! The affect-
ing position of the curious insect stranger, in the
very land of “praties,” could not have been more
comical if it had been intended ; and an old news-
paper writer can sympathise with the reporter who
forwarded the above telegram, when he had to reply
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laugh! The cures for the spread of the potato beetle
have been as ludicrous, from a chemical point of view,
as the account of the habits of the insect from that of
newspaper zoology. In many instances the destruc-
tion of the beetle would, if thus carried out, be greatly
more expensive than its ravages; in others, the re-
commendations were simply absurd, or at least not
a bit more cunning than the recipe of the Lancashire
weaver for slaughtering bed-bugs—* he always killed
‘em wi' @ hommer!”

At the same time, it behoves us to be watchful,
and #ntelligently watchful, against the appearance of
this pest. The beetles should be systematically
hunted for in spring, before they have laid their eggs,
and if found destroyed. It is said the American
agriculturists found that a solution of Paris-green in
water is the most effectual destroyer of the larvea.
This solution is sprinkled by a machine over the
plants ; and the occasion has developed Yankee me-
chanical ingenuity in many forms, so that the reader
has now more than one kind of “ bug-sprinkler” to
choose from.
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our manufacturers, who seem to consider streams
pretty much in the same spirit that Brindley regarded
rivers—as a natural means by which they can get
rid of their waste—there are few of our rivers which
are not more or less poisoned. It requires both time
and skill to secure a decent creel in these degenerate
days. Indeed, so rare is the occurrence of incidents
which were deemed common enough half a century
ago, that we must needs chronicle it in special sport-
ing papers whenever an angler has a good day’s
sport.

Thank Heaven, this wholesale destruction has not
yet extended to every part of Great Britain. We
have in the eastern counties, but more particularly
in Norfolk, tracts of country which have scarcely
been altered by the hand of man for a thousand
years. The flattest part of that country—so flat
that it might be regarded as a portion of Holland,
which had broken off and drifted across the German
Ocean—is a district sui generis. Some of its rivers
(and there are many of them) go winding for sixty
or seventy miles, before they can reach a point
which might be traversed, as the crow flies, in nine
or ten. Every now and then these streams flatten
out into the great shallow pools or lakes, vernacularly
termed “ Broads,” to which we have already drawn
attention. Some of these Broads are several miles
in circumference. The intervening areas are often
very much like Milton’s “boggy Syrtis,” neither






306 NATURE'S BYEPATHS.

to be sentimental, and to subscribe to Mr. Freeman’s
views about hunting, you have the satisfaction of
knowing, when pike-fishing, that you have not lured
poor herbivorous creatures to their destruction, but
simply caught the carnivorous cannibal that intended
to do unto others what you intend to do unto him.
Of course, abundant though this tyrant of the fresh
water is in the places we have mentioned, there are
times and seasons when you may try your luck, and
try it in vain. You must consider time and tide, in
the most literal sense, if you desire to be successful.
An easterly wind will not only keep the pike, but
every other fish, quiet at the bottom, or nestling in the
reeds. A few days of rain will muddy the water, and
thus prevent the pike from seeing a bait, even if it were
illuminated by the electric light. Then, as regards
the tide: this is an important item to be studied in
Norfolk pike-fishing. We have mentioned howflat the
country is in the “Broad district”—so flat that rivers
have not a fall of many inches in scores of miles.
The consequence is that an unusual tide—as when
the north-westerly gales have been blowing—will
find its way up the rivers, broads, and dykes,turning the
water brackish, and either driving the more delicate
fish before it, or turning them up sick and dying.
The pike, as well as the roach, is very susceptible of
salt water, and, burly though he be, cannot stand it
at all; whilst the bream and the perch seem to
revel in it, if it be not over saline. These periodical
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tells you the shooting season is on. After arriving at
your destination, you set out in a flat-bottomed boat,
hired for the day at the modest rate of sixpence.
If you have permission to angle on some of the more
private broads, you may reasonably anticipate excel-
lent sport. As before mentioned, through some of
the larger of these sheets of water the rivers run,
whilst others are connected with them by broader
dykes than usual. The Broads which rejoice under
the latter circumstances are naturally better stocked
with fish, and as many of them lie within the en-
closure of private estates they are better protected.
Your day’s sport will be rendered more probable if
you engage the services of some brawny marshman
to row you. These hardy, weather-beaten fellows
are ardent naturalists, and know almost every bird
and beast they come across, although they are not
able perhaps to give them their Linnzan names.
Even supposing the weather or the tide spoil your
sport, such a man will entertain you with old-world
stories of the mighty fish at whose death he has
“ assisted,” or will give you lists of birds which you
imagined had long ago been expelled from merry
England. You take your seat in the bdows of the
boat—it is a great mistake to sit behind and spin, as
we shall presently point out. The October sun shines
warmly, and lights up the quaint water-mills which
make this part of the country look so much like
Holland, or warms more intensely the tan-coloured
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sail of some distant barge. Gently, but impelled by
a strong and steady hand, you glide past thickets of
tall grass, whose dried-up panicles make melancholy
music as they rustle in the wind. An ancient heron
or a flock of wild duck occasionally cross your path,
or your attention is drawn by your companion to the
coot and water-hens you may see sporting on the
surface as you turn some sudden corner. Their
quick eyes have detected you, and all that remains
of them to the visible sight are the long ripples left
by their trailing legs. This perhaps is the place
recommended by your boatman. Standing in the
bows, whilst he gently keeps the boat steady, rowing
towards you, you commence making “casts” with
your dead bait, first on one side and then on the
other, so as to completely work all the water. This
plan is much better and more scientific than that of
trailing dead bait or artificial minnows behind the
boat, especially in shallow water. Owing to the
boat going first, in the latter plan, the pike are scared
away, whereas with the former you are likely to come
on them long before you disturb them. A few casts
are made, when suddenly you feel as if your hooks
had caught some waterlogged plank. Steady, and
keep a taut line! The pike slowly rises ; for it takes
a few minutes for him to realise the fact that it is
ke who is caught, and not some delicate morsel, as
he had imagined. He soon finds his mistake out,
and the slow rolling is immediately changed to a
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rapid rush here and there, which tries both your skill
and nerve. Here the wvaluable services of your
partner come into action. He “ puts you about,” as
they term it in Norfolk, and makes the boat to follow
the frantic movements of the jack. Five or ten
minutes’ play tells upon him. He begins to lie
helplessly on the surface of the water, and only
rushes off again when he sees you attempting to
secure him, A few minutes more, and the violence
of his unusual exercise renders him entirely helpless.
He submits to be hauled close to the boat’s side,
when your companion drags him in, by seizing him
in the orbits of the eyés. No sooner does he find
himself in a more attenuated element than he com-
mences plunging and snapping. Again he is seized
and held down, a gentle tap on his shark-like skull,
or the passing of a penknife-blade through its sutures
down to the brain, gives him his quietus. There is
a tremulous quivering of the tail, and all is over.
You lift him up, to find a handsome, healthy jack, of
some eight or ten pounds.

It is not at all an uncommon thing for a skilful
pike-fisher to take from a dozen to eighteen fish, of
various sizes, in the manner above mentioned. A
more profitable way of obtaining them, however, and
one which—in spite of what those gentlemen may
say who strive to elevate angling into one of the fine
arts—is not without its zest, is that known in Norfolk
as “liggering ” and “ trimming.” The latter method
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ness of theirs is so well known, that Norfolk fisher-
men usually take their live bait with them, although
it might so easily be obtained where they are going
to by a cast-net.

Another fact in the natural history of the pike is,
that he will always seize the weaker among the finny
tribe, and you will generally find him lying in those
parts of the stream where the eddy is sure to whirl
some ailing roach or perch towards his voracious
maw. It is this habit, we imagine, which makes
“trimming” or “liggering” so destructive where there
are pike. However, to return to our original bait :
it is at length seized by his enemy, who bolts him
head foremost. But a new sensation has seized the
monster. There is a prickly stinging feeling in his
palate, which causes him to swirl his tail, and rush
away. It is his turn now to pull the floating machine
after him, and, as he does so, he so twitches the cord
as to turn the “trimmer” over, and thus to enable
him to run off the line to its full length. Perhaps,
by the time he has done this, he may have suddenly
stopped, to strike off again even more swiftly when
he finds his motions impeded by some obstacle to
which he is attached. We will suppose you have
been, meantime, dropping a score or two of “trim-
mers” into the river or broad. Each “trimmer” is
painted red on its upper side, and white on its under,
so that the moment a pike has struck, you can tell
by the difference in colour. It may be that, as you
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live bait, in the manner above mentioned. Furnished
with this, he makes his way to some deep hole in
the stream or river, where he has seen a large pike
sunning himself. These fish have a peculiar fondness
for one spot, and it is not unfrequent for the largest
pike, male and female, to tenant the deepest and
most promising holes. When you have had the
luck to take such a pair, you will generally find that
a brace of pike, a size smaller, will take up their
abode in the vacated habitat. It is in such a hole
that the villager places his “ligger.” About two or
three feet above the live bait is fastened a large per-
forated bullet, and the poor roach is thrown into the
water thus, the other end of the line being made fast
to a peg driven into the ground, or to the stems of
the tall grasses which grow along the margin of the
stream. Anchored by the weight, the bait can only
revolve in useless struggles, its glistening sides re-
flecting the light, and attracting the pike not far off,
who has been regarding the unusual splash with
some degree of suspicion. The temptation, however,
is too great for him, and the bait is bolted, with the
same fate to himself as if he had patronised a
“trimmer” instead. The village pike-poacher usu-
ally lays in his ligger over-night, perfectly certain
that, when he rises early next morning, there will be
a decent jack for his dinner, if he can only get it
away without the keeper’s detection.

There is yet another way of taking pike, which,
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is skilful enough to capture them in the summer
time—a thing not always done, although often at-
tempted. You see the “liggering” season is com-
ing on, for occasionally while angling after more
modest sport, when you have struck a roach, and
are playing with it, some eager jack will seize it,
and you have the pleasure of having two fishes to
your line. You may, perhaps, be able to haul victim
and captor to the river bank, but the latter is sure
not to wait for a farther introduction, but will bolt
off, leaving your mangled roach to tell of his voracity.
As before remarked, there is sufficient zest about
legitimate pike-fishing in Norfolk, and sport enough
to make it interesting to a man who has been toil-
ing at the desk for a twelvemonth.




CHAPTER XXI.

AQUATIC ENGINEERS.

P OTHING perhaps strikes the
“‘l' N2 reverent student of natural
history more thoughtfully
than the special adaptations
of certain creatures to dis-
tinct habits of life. They
are so numerous that his
® studies are beset by them at
¥ every step. To him it is
overwhelming proof of Crea-
. tional wisdom and goodness,
97 for by this specialisation
animal structures attain the
. highest degree of mechan-
. ism, and brute intelligence
soars to its loftiest flights.

The Beaver offers us such an example of mental
and animal adaptation as we here speak of ; and in
it the principle is perhaps more interestingly de-
veloped, on account of the evident manner in which
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its application varies in degree, according as circum-
stances may require, This animal has not the high
geological antiquity which many tribes of animals
can unquestionably claim. Its remains have been
met with in strata of the same period, both in Europe
and America, in that known as the Miocene. The
American fossil beaver is called Paleocaster. 1t was
much smaller in size than its existing representative
of which we propose speaking. The most ancient
European beaver was the Stereofiber, contemporary
with the American extinct species. This afterwards
gave place to one much larger, known as the 77ogon-
theriwm, whose remains are met with in the ancient
Fossil Forest we have already described, which crops
out from beneath the steep Norfolk cliffs at Cromer.
The Trogontherinm was about one-third bigger than
the common living Beaver, but its habits of life ap-
pear to have been very similar to those of the Euro-
pean species,

The latter is believed by all naturalists to be a
distinct species from the American animal. Exter-
nally there seems to be no distinction worthy of note
sufficient to place the two animals in different species.
In the structure of the bones of the head, however,
and especially of those of the nose and upper jaw,
there is a marked difference. Whether it is sufficient
to merit their specific separation is another matter.
Certainly we know of no other two species of animals
which approach each other so nearly. To us the
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tion and the development of civilisation. The
Beaver loves solitary rivers and streams. As man
becomes civilised he requires those rivers to sail his
vessels upon, and their currents to turn his mills with.
The Beaver, therefore, must retire. Perhaps the soft,
silky, warm fur of the animal has caused it frequently
to disappear more suddenly than it otherwise would
have done. Once it ranged all over Europe, from
Sweden and Norway to the Black Sea ; and from the
western coast of France to the Ural mountains and
the Amoor. Now it exists on sufferance, or in those
few wild and desolate spots—as on the streams flow-
ing from the Ural Mountains and in those emptying
themselves in the Caspian—where man has not yet
set up a claim of ownership or requirement. These
are the only natural habitats left to this poor hunted-
down animal. Along some parts of the Danube the
European Beaver may still be found ; but it is owing
chiefly to the kindness of the Emperor of Austria,
who preserves it in one of his parks. In Norway the
last Beaver was captured in 1844. They lived in
hosts in the Fen country of England before the
period of written history commenced ; and their
bones, skulls, and teeth are found in great abundance
in the peat marl which underlies many parts of the
Cambridgeshire and Norfolk fens. A few years ago
a few Beavers were introduced by the (now) Lord
Waveney into his park near Beccles, in Suffolk,
through which the river Waveney flows. They were
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English rivers, among others in that of the Thames,
Perhaps their habits were different in these early
times, and approximated more nearly in their in-
stincts towards those of their American brethren than
they have done since.

The American Beaver is now having a fine time
of it. It once had a much wider geographical range
over the new world than it now enjoys; for the
enormous development of human popuiation has of
course rendered it impossible for this solitude-loving
animal to frequent the same districts. It is now rarely
found east of the Missouri river ; although it once
ranged from the most easterly to the most westerly
point of the American continent, and in the other
direction, from ILabrador to New Mexico. No other
American animal has suffered so much from the
hands of the hunter and trapper as the Beaver.
Some of our readers may remember the time when
“beaver hats” were the rage among well-to-do
Englishmen. This was in the days before “silk”
hats were thought of. European fashion affected
that style of hat, and the Beaver was hunted down
to satisfy it. The Hudson’s Bay Company then im-
ported no fewer than eighty thousand Beaver skins
in one year into Great Britain alone! The ease with
which the fur could be felted was their chief recom-
mendation. But the introduction of “silk” hats
came, most opportunely for the American Beaver,
otherwise it would by this time have been hunted to
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that it shall gnaw in order to prevent the growth
from being a nuisance and an evil. This is one reason
why rats and mice gnaw so much, and not because
they are always seeking food. The manner in which
the lower jaw is jointed on to the skull, so as to
allow the to-and-fro movement we call gnawing or
nibbling, is peculiar to the rodents as an order. In
the carnivorous animals the movement is up and
down, like that of a pair of scissors, and is especially
adapted for cutting. In the herbivorous animals
generally it is sideways, or has a rolling, mill kind of
motion, as in oxen and sheep. In the Beaver family
it is the motion we give to a rasp or a file when we
are using it. The muscles attaching and working
the jaws have to be fixed in different positions,
according as the above movements are required.

A good deal has yet to be written about the Zai/s
of animals. No other organ is so largely adapted
to different requirements in animals. In some it
serves as a tripod, as in the kangaroos; in the
American monkeys it is prehensile and possesses all
the tactility of a hand ; in the fishes and amphibious
it is a propelling screw for locomotive purposes; in
many birds a personal ornament—the peacocks and
pheasants to wit. Undoubtedly the old notion that
the Beaver used its horizontally-flattened tail (denuded
of hair like that of a rat), as a sort of trowel, is not
true to the extent it was once imagined. But there
seems no reason to question that the tail is used to
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give the last finishing stroke to the mud which it
plasters over the twigs, stones, and mud which build
up the walls of its lodge or hut.

The Beavers prove themselves to be aquatic en-
gineers in the way in which they contract the dam
or weir across the streams they frequent. During
the summer even the American Beavers lead solitary
lives,—we see nothing of dam-building or hut-making
at that time. Just before the leaves begin to fall
is their “busy time.” The animals then collect in
numbers, and combine to form their winter colony of
huts. These are of various size, according to the
number of tenants they are to house. The smallest
and simplest are six or seven feet high, circular in
plan, and about three feet in diameter. Such an
one would hold from three to five tenants. Others
are larger, and are in fact a sort of Beaver barracks.
If possible, all have dykes or moats running round
them, filled with water; for Beavers are poor travellers
on land, and always prefer taking to the water if pos-
sible. The huts or barracks are double-roomed, the
upper being dry, and the lower communicating with
the water both by the means of admission and exit.
The walls of the house are built first of boughs and
twigs, filled in with pebbles, and compacted with
mud. They are so strong that the powerful claws
of the Wolverine (one of the Beaver's sworn foes)
cannot tear them down. As soon as an enemy
attacks the dwelling, the inmates quietly retreat to
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their aquatic chamber, and so escape. Not unfre-
quently as many as two or three hundred Beavers
will associate in one colony, and then the river
banks form a lively scene. All combine to con-
struct the dam which arrests the flow of the river or
stream. If the current be slow and weak, the dam
thrown across will be carried in a straight line.
Here it is that the engineering instincts of the Beaver
are most remarkably exhibited. A straight dam is
the weakest, from a mechanical point of view, and
this kind is only used in shallow or weak currents,
where no other kind is required. But in rivers where
the currents are powerful, such an obstacle would be
carried away immediately. Under such circum-
stances, therefore, we find the Beaver erecting a
bow-shaped dam, with the convex side towards the
current. This is the strongest plan that could be
devised, and little or no additional materials are re-
quired. The reader will remember that in cataracts
or waterfalls (that of Niagara, for instance), the plat-
form over which the volume of water tumbles is
shaped like a horse-shoe. We see, therefore, that
the mere skape of a structure has largely to do with
the mechanic resistance to pressure or force. The
Beavers are not only well aware of this fact, but we
find that the curvature of their dam varies in pro-
portion to the strength of the current it is opposed to.

In the construction of this dam, also, considerable
engineering ingenuity is shown. The reader has seen
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CHARTER SCXTT,

VEGETABLE PARASITES.
Y

EW people possessed of
even high intelligence are
aware of the vast number
of vegetable parasiteswhich
exist around us. They are
chiefly microscopic in size,
and are popularly grouped
under the common name
of “moulds” and *mil-
dews.” The housewife
knows a little about them
to her cost, for she finds

¥ them turning her catsup

ropy, and taking possession
of her preserve jars ; much
to her discomfiture she
finds a thick stratum of bluish-green mould covering
the surface of the fruit she took such pains with, and
which she was about to exhibit before the admiring
eyes of sympathetic friends. The farmer knows too
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much about them, under the names of “ rust,” “ bunt,”
“ pepper-brand,” “ bladder-brand,” “ smut,” “ mildew,”
and “potato disease.” The gourmand encourages
their growth on his fine old Stilton cheese by keep-
ing the cut surface moistened with an occasional
glass of port wine. The doctor can tell something
of their ravages on the human frame ; whilst every-
body who has seen stale bread, damply-kept clothes,
old boots, etc., covered with a bluish-green film has
recognised the “mould ” at work. The more careful
botanist is aware that every species of flowering
plant is attacked by one or other of these vegetable
parasites. Their name is legion, and their distribu-
tion universal !

We propose calling attention to a few of these
ubiquitous pests which habitually infest some of our
most useful plants. They exceed in number of species
our flowering-plants, and they have such a Proteus-
like mode of changing their external shapes and
habits of life that even botanists have been led astray,
and have described them under different generic as
well as specific names. Not unfrequently they pass
their vegetative stage on one plant, and their repro-
ductive stage on another. They are, in this respect,
similar to such parasites as the Tapeworms, which re-
quire two different kinds of animals to shelter them
whilst they pass through their several gradations of
orowth. Indeed, the changes which many of the
lower animals and plants pass through before they
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why they often affect one order of plants rather than
another. They must have been created affer the
plants on which they are found, for they could not
exist in their present state otherwise., The Berberry
bush has frequently the undersides of the leaves
covered with a peculiar kind of “cluster-cup,” and
old Norfolk farmers stuck to it for years that
berberry bushes caused mildew in wheat. This was
in the days when botanists believed in specific crea-
tion, and consequently they laughed at any supposed
connection, not merely with the berberry bush, but
even with its parasitical “ cluster-cup ” and the wheat
mildew. But times have changed. Few botanists
of any standing now hold the doctrine of the un-
changeableness of species, and the scientific liberty
of conscience thus gained has enabled them to ac-
count for a good many phenomena that were before
unaccountable, and to be less dogmatic as to what
is and what is not. Certainly no two vegetable
parasites seem more unlike each other than the ber-
berry cluster-cup and the wheat mildew. But science
has recently proved that the observations of the
Norfolk farmers were right, and the conclusions of
the botanists wrong. Professor de Bary, one of the
most eminent authorities on these matters, has sown
the spores of the berberry cluster-cup, and reared a
crop of microscopic fungi, whose spores, when sown
under proper conditions, become wheat mildew! So

much for the ¢ biffins !
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generally appears in May. Examine the same plant
a month or two later on, and there will be seen small
brown pustules scattered among the rust. The third
stage is reached just before the time when the corn
should ripen, and then we have a change to num-
berless black spots, about the size of a pin’s head,
and this is the full-blown mildew. Of course, all
these live by absorbing that sap which ought to have
gone in developing the grain; and as they largely
intercept it in its rise, we need not say the ears of
wheat come off “second best

“Bunted ” wheat is due to another kind of vege-
table parasite, or microscopic fungus, which penetrates
to the very grain itself, puffing it out so as to deceive
the uneducated farmer into believing his crop looks
extra promising ; and then, when ripened, bursting
the as yet unbroken skin, and showering forth an
enormous mass of stinking spores of a greasy char-
acter, so that they are sure to stick where they alight.
Hence the necessity for washing seed-corn in some
strong alkali before planting, as the greasy spores are
then certainly washed off. There are reasons to
believe that “bunt” first begins with the seed, grows
with the growth of the plant, and reaches its maturity
when the plant should also do so. “Smut” is yet
another vegetable parasite which agriculturists have
to do battle with, and its ravages are effected slily

and specially. It does not put in its appearance
until the wheat is in bloom, and then attacks the
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has hitherto been in finding where they wintered,
If they are purely parasitic, it was thought they must
winter in some plant, but which ? All are dead then.
Carruthers has shown that the “ergot” winters in
the earth, or, rather, a special spore-case does so.
Thence they emerge next spring. And very recently
Mr. Worthington Smith—another of our best fungo-
logists—has written a long elaborate paper on the
“ Resting-spores of the Potato Disease,” in which he
shows that this parasite also winters in the ground,
in one form, by means of a special apparatus. Or
the latter fungus may be nursed by other plants of
the same order, such as the woody nightshade of
our hedgerows, or the tomato, which is also a species
of potato. At any rate this, the newest discovery in
connection with the life-history of these pests, is im-
portant ; for all will admit that a thorough knowledge
of the disease is half the cure. All honour to such
men, who, without fee or reward, devote their leisure
time to researches which demand an amount of
patience certainly “rarely seen in men, and never in
women |

Next to the mildew, rust, bunt, and smut, the
potato disease fungus (Peronospora infestans) is cer-
tainly the most important. It attacks one of the
main sources of food supply, and that, too, in poor
men’s grounds as well as rich. Many an honest
workman, who has toiled in his “bit o’ garden” after
tea, until the shades of evening gathered thick around
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reach the tubers or potatoes, and speedily convert
them into soft masses of putrid rottenness. The
ground then becomes thoroughly saturated with
fungus spores, and there is little wonder the disease
should thus be perpetuated.

Two or three things are worth noting in con-
nection with the arrest of this terrible pest. First,
it is found that in Cheshire and Devonshire, where
the soils are quite red with oxide of iron (iron rust)
derived from the decomposition of the New Red
Sandstone Rocks beneath, there is nothing like the
amount of potato disease there is in richer and
equally light but blacker soils elsewhere. The idea
has been suggested, with a good show of probability,
that the arrest of the disease is due to the presence
of iron in the soils where the potatoes grow. The
experiment of proving this is an easy one, and we
have advised that in Suffolk a top-dressing of the
Red Crag, or ochreous sands overlying that geologi-
cal formation, should be tried. It can do no harm
—it may do a great deal of good. 5till, we cannot
but think that it would be wise to strengthen the
strained vitality of the potato plant by crossing
varieties from potatoes raised from seed. No other
plant has been so much propagated by shoots as the
potato, and so far we have forced nature to an extra-
ordinary degree. The potato plant is provided with
the ordinary means of propagation by flowers and
seed, and we cannot but think that the strongest









CHAPTER XXIIIL
THE TIME OF CATKINS.

A L ENERAL science has been

il

pouring new facts into the
treasury of human know-
ledge, but none have been
so fascinating as those re-
lating to flowers. It is
not a difficult matter to
say what intelligent people
will think about Darwinism
and Evolution a hundred
years hence. The publi-
cation of the Origin of
Species twenty-one years
ago gave a new impetus
to natural science. It is
no longer, as Dr. Johnson contemptuously declared
it, “a study fit only for children.” A new philo-
sophy has been built up out of its recent discoveries,
a philosophy which touches our most cherished
beliefs and conclusions at almost every point.
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Hitherto the opponents of the new philosophy have
been contented with ridiculing it, and have been
unable to see that the reason why the advocates of
the latter have not replied is that they are too
much in earnest in pursuing the temptingly new
lines of investigation open to them. There is too
great a tendency to forcibly stereotype all fresh facts
into the old or the new moulds of theory. What
have genuine .students to do with these? What we
want is the “ Truth, the whole truth, and nothing but
the truth,” whatever it may be! Sincere investiga-
tion, and a loving reverence for the work we are
engaged in, must inevitably bring us nearer to the
“ Father of lights !”

Let us remember that, as LLord Bacon so long ago
remarked, the conclusions of true science are but “ the
Word of God revealed in nature.” Every organic
object has assumed its shape, has vegetated and en-
joyed individual existence, and has accumulated force
enough in the meantime to reproduce its own kind,
and thus perpetuate the heavenly beauty which hangs
like a halo over every thing that hath in it the
breath of life! With that instinctive feeling of the
presence of a truth not yet revealed, some of our
most eminent modern poets have given expression to
ideas which rigid science has since declared to be
true. The Word is nigh us, if men would only
believe. Goethe was the first to point out the unity
of structure which is at the base of all flowers, and
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even the still greater simplicity which underlies the
composition of plant, and shrub, and tree. Cowper
spoke of the “freckles, streaks, and stains " which in
most flowers “show signs of His unrivalled pencil ;"
and the discoveries of Sprengel, Miiller, and Lubbock
have now placed the world in possession of the vital
reasons which belong to both colour and form in
flowers. Wordsworth, with his almost pantheistic
reverence for nature, declared that, to him,—

“* The meanest flower that blows can give,
Thoughts that do often lie too deep for tears,”

No one can understand the fulness of this sentence
who has not learned to see in some of our commonest
flowers evidences of structural adaptation and an-
cestral modification which go backward into the
geological ages. The mode in which plants have been
scattered in great colonies, with genera grouped to-
gether and sharing in each other’s migrations as if
they had been Highland clans, over all parts of the
world, can only be understood in the light of the geo-
logical changes which have forced such emigration.

Again, just as no man liveth to himself alone, so
no flower exists by any aristocracy of birthright.
We have plants that associate together, in some
kind of not yet understood commensality, such as our
buttercups and daisies, nettles and docks, dandelions,
and hawkweeds. More striking still is the contrast
between plants bearing brightly and even gorgeously
coloured flowers, with corollas of graceful shapes, and
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others in which there is a general absence both of
form and colour to delight the eye. What is the
meaning of such a contrast? Does nature acknow-
ledge caste, or have we here only an analogy to that
strange modification which elsewhere adapts one
mammal to a fish-like form in the whale, and
another to a bird-like shape in the bat ?

For generations we have regarded the “ pole of
the earth as passing through the perpendicular” of
each one of us. The whole organic world has in
our thought been made to revolve around the last
created form, just as the solar system continually
whirls around the sun. With an impertinence so
great that it partook of sublimity, we have rudely
challenged the right of any animal or plant to exist-
ence, except in so far as it was useful to ourselves.

Science, with its Ithuriel spear, has touched to
the quick many of our selfishly-cherished notions ;
but none more than those we have entertained about
flowers. In their place, however, she has given us
others of loftier enjoyment, suggesting a more
reverential faith in the eternal wisdom of Him who
“ clothes the lilies of the field,” and knits the whole
organic universe of animals and plants, past, present,
and to come, into one scheme of ineffable beauty.

Let us take certain objects early to be seen along
our country hedgerows and by the margins of our
streams, as types of one of the two great divisions of
flowering plants which modern botanists have recently
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made. Our hazel and willow catkins are familiar
objects to all people,— country folk and town-
dwellers, old and young. The former are the first
promise of the coming summer, and a cheering token
that the sternest attacks of winter have passed over
for another twelve months. The latter will make
their appearance later on, and will light up the olive-
green osier banks with their cheerful yellow and
silver colours. Nothing could be more strongly con-
trasted than the catkins of the hazel and willow : the
former so unpretentious, and the latter so gaudy and
showy. A month or two will pass away and then
we shall see similar pendent catkins of the poplar,
and the rounder cone-like flowering parts of the
alder. The naked twigs are tinged with a warm
red, that tells us plainly of the quiet work the rising
sap is effecting. The silver birch will also assume
its wedding garment of catkins, so like those of the
hazel that without the trees a tyro would have some
difficulty in making out a difference.

The two types of flowering plants are those
named anemophilous and entomoplhilous. It is one of
the besetting difficulties of science that she is con-
stantly forced to coin new words wherewith to ex-
press new facts. Science would be nothing if it were
not strictly accurate in its method of formulating all
its additional discoveries. A word must mean so
much, and nothing more nor less,—therein differing
from ordinary parlance, which is rarely characterised
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by this peculiarity. The two words just mentioned
are newly coined: fresh from the scientific mint.
Let not the reader dread them,—they have a mean-
ing, and will serve as the centre around which a good
deal of excellent botanical and other natural history
knowledge will group by the law of association
of ideas. Amemaphilous is the name given to all that
class of plants which, like the catkins of the hazel or
birch, have the pollen conveyed from them to the
pistils by the agency of the wind. ZEwntomophilous
is the term applied to that larger and more typical
group of flowers which are fertilised by means of the
vast army of summer insects, flies, bees, butterflies,
and moths, whose lives seem to be passed in the
elysium of flower-land. It is to tempt them to this
floral visitation that all the fascinations of flowers
are spread forth—colour, perfume, and honeyed nec-
taries. Those sweet and delicate odours which we
have assumed could not have been created for other
than human nostrils, were evolved by this set of
plants in order to promote insect fertilisation by offer-
ing insects an inducement to visit the flowers. The
bright colours are equally effective means of arrest-
ing the vagaries of the winged tribes of the air. Hence
we see that butterflies are not the sybarites we have
often deemed them, but, in conjunction with less
attractive insects, are engaged in that work of floral
crossing which ensures the healthiest condition to
plants, Without them we should not have the feast of
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respect, with the pollen grains you may similarly
obtain from an insect-fertilised plant, such as the
buttercup or primrose. The latter are roundish, and
generally covered with what appear to be prickles,
or roughened points of some kind or another. So
well marked is the division between insect-fertilised
and wind-fertilised flowers, apart from their contrasted
colours, that it extends even to the microscopical
grains of pollen ; and a competent botanist can tell
from the latter alone whether it is derived from one
or the other of the two groups.

It requires little perceptive power to see the reason
for this difference in the shapes of the pollen-grains.
The thin, smooth, or angular grains of the hazel are
just the sort to be best carried by the wind, for they
present the greatest amount of surface to it. They
are lighter than the others, so as to be more readily
blown about. On the contrary, we see how the
round pollen-grains of the buttercup, with their
roughened or prickly surfaces, are admirably adapted
for sticking to the hairy bodies of insects, so as to be
carried about from one flower to another, and thus
bring about cross-fertilisation.

Even the mode in which the an#kers or pollen
bags of flowers open, to discharge the pollen grains,
is various. Sometimes the bag splits in two, a very
common plan ; occasionally it ruptures at the top, or
allows the pollen to explode through trap-door-like
holes. The number of pollen-grains yielded in the
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In them reproduction is the last act of life; in the
poplar, hazel, birch, and alder, it is the first.

One can now understand why the wind-fertilised
flowers should be obscurely coloured, or not at all.
The wind needs no bidding for its capricious visita-
tions ; colour, and perfume, and honeyed nectary do
not prevent it blowing where it listeth. Beauty
cannot delay it in its circuits, nor can appeals to the
senses of smell and taste cause it to halt: the latter
must be laid out for conscious, not unconscious objects.
There must be present an eye to see, a nostril to
smell, and a palate to taste, such as most of our
winged insects possess, The elm, hazel, birch, alder,
poplar, pine, fir, oak, the ash, partly the hop, nettle,
and grasses of all kinds, including the cereals, are
married by the fickle wind : all of them have light
pollen grains which we have seen are so admirably
adapted to be blown about. Many of them have the
sexes on different trees, so that a wind-marriage is
absolutely necessary for the perpetuation of the species.
In the hazel both sexes are on the same individual
shrub, but never together. Look at any hazel bush
early in the year, and let your eyes travel along the
naked twigs from the pendent catkins towards the tips
of the branches. Here and there you will see small,
round, leaf-like buds, terminating in half-a-dozen
feathery, bright scarlet threads. These are the pistils,
—the representatives of the gentler sex,—awaiting
the arrival of some minute pollen grain ; just as the
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princess in some Oriental story patiently waits for
the appearance of the invisible prince who is to marry
her. Like an unseen good fairy, the wind brings the
two together ; and the result is the clusters of ripe,
brown nuts, which make a hazel copse so tempting in
the early autumn time. As soon as the pollen grain
has touched the red threads, it begins to shoot forth
a tube which penetrates to the base of the pistil, and
fertilises the ovary. All pollen grains, whether
carried by wind or insect, act in the same manner.

The wind-fertilised plants are some of them
occasionally visited by insects, for the sake of their
pollen. Some insects actually feed on it, or rather
resort to it for an occasional meal. But though they
may thus carry away odd grains of pollen, they never
fertilise the separated pistil with it, for the simple
reason that she has nothing to offer as an inducement
for them to visit her. Unlike the bright yellow
male catkins put forth by the various species of willow,
—the “palms” of the children in the northern and
midland counties,—the dangling wedding garments
of the hazel are obscure, and are only noticeable on
account of their early appearance and their mute
prophecy that the roughest storms of blustering winter
may be regarded as over.

Although the catkins of the willow have no petals,
and but a faintly sweet perfume, the gorgeous yellow
is unusually attractive to early insects, especially in
the general absence of floral competition. The yellow
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catkins are the male plants ; the colonies where the
stamens are collected together, always on a different
shrub from the females, or pistils. You may see such
willow bushes a mass of glorious yellow, delighting
the eye with the near approach of spring. Each
catkin is upright, not pendent, like those of the hazel,
poplar, and birch. The wind undoubtedly often acts
as the occasional registrar of willow-marriages, but
the bees are the old-fashioned, orthodox marriage-
priests. Spring is the time of year when these pro-
verbially industrious insects are on the wing, and the
abundant pollen of the willow comes in usefully to
furnish “bee-bread,” and for other purposes. The
silvery catkins of the willow we are sure to find not
far off the yellow catkins, are colonies of females or
pistils. Notice the graceful shape of each, how flask-
like it seems, except that the summit is forked. That
summit is just appreciably sticky, so that any pollen-
grain brought to it would be certainly fixed, whether
brought by wind or bee. Not unfrequently, in some
osier carr, we may see male and female willow shrubs
growing thickly together, so that the wind rustles the
branches against each other, and marries them against
their will.



CHAPTER XXIV,

THE FLOWERS OF THE PRIME.

OW many of the excellent
things which the earlier
poets said of the early part
of May seem strange to
those who forget that with
the introduction of the “new
style ” into our calendar a
century ago,we skipped over
eleven days. Consequently,
the old “May day ” about
which we read so much
does not really come until
our 12th of that month.
By then the “May” (dearest
of English plant-names) is
out. Every country roadside is a perfect garden of
delight. The hawthorn bushes are covered with
floral masses of snowy whiteness, whose faint odours
are just tinged with that perfume of almonds which

tells us that prussic acid is present. The hedge-
2 A
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banks are begemmed with clusters of sky-blue
veronicas, the “ birds’ eyes ” of rustic infant botanists,
among which we have bunches of white stitch-worts,
the “ milk-cans” of the same nomenclature. Here
and there, perhaps, solitarily rises a red campion, a
flower whose blood-red colour earned for it its
ancient Danish military name. Not far from “the
huts where poor men lie,” and on the moist, shady
sides of the country lanes, the Primiroses gather
thickly, their characteristic colour standing out in
bright relief from amid the dense leaves which serve
as a background. Some of its early pioneers came
in with the catkins, and kept floral company with
them. On southern banks the primrose has been
brightening the otherwise dull, wintry waste with its
pale stars, and has been prophesying in its mutely
eloquent fashion of the summer that would come
again! Burns aptly calls this gentle flower—one of
the many favourites of British poets,—the firstling
of the year.” And so it is, the darling and the pet
of the early spring months, over whom the rude
blasts blow in vain, and the keen frosts fail to nip
its delicate flowers. Its common name of ¢ primrose ”
is nearly as Latinised as its technical botanical one
of Primula vulgaris. In old books we find it spelt
as Prym rolles, and it was termed “the first floure
in Pryme tyme.” Chaucer calls it Przmerole ; whence
we have Primrose. The rightful claimant of “ Prim-
rose,” or “rose of spring ” is the Daisy. The ancient






356 NATURE'S BYEPATHS.

of our planet as a whole, and perchance a relationship
manifested with the entire solar system. Although
this adornment of organic forms in all the glory of
perfume and shape and colour is mainly for the pur-
pose of propagating flowers, yet the necessity for
their being propagated at all may in its turn be to
administer to higher things. If winds and insects
unconsciously act as the marriage - priests for all
kinds of flowers, who shall say that flowers also do
not exist to unconsciously fulfil an important mission
to other forms of life? Many of the world’s best
and most spiritual thoughts have been suggested by
these pale-eyed messengers of God! Mungo Park
only put forth in a matter-of-fact manner the influence
which the little moss had on him when far away in
Africa, the same kind of feeling which all of us who
love nature have felt when we have held communion
with the flowers. These flowers, many of them, even
suggest moral qualities or mental conditions. What
can be more strikingly contrasted than the sweet, sad
look of the pale primrose with the joyous appearance
of the wild dog-rose? What human characters differ
more than the unpretending modest daisy and the
gaudy, noisy-looking tulip ?

Why the idea of yout/z should be associated with
the primrose it is difficult to tell, unless from some
such unknown suggestion as those just referred to.
Shakespeare again alludes to this notion in his
“ Winter’s Tale :”






358 NATURE'S BYEPATHS.

Browne, had associated the idea of thoughtlessness
with neglect of this same flower :—
“ As some wayfaring man passing a wood

Goes jogging on, and in his mind nought hath
But how the primrose finely strews the path.”

When the green meadows are clad in floral robes
of primroses, cowslips, daisies, buttercups, and cuckoo
flowers, we are forced to say, with quaint, nature-
loving Isaak Walton, “ When I last sat on this prim-
rose bank and looked down these meadows, I thought
of them as Charles the Emperor did of Florence,—
that they were too pleasant to be looked on but only
on holidays.”

Professor Wilson (“ Christopher North ”) refers to
the sad looks which primroses wear, and speaks of

them as
‘ Primroses, which droop about
Some self-consuming care,
So sad, so spiritual, so pale ;
Born all too near the snow,
They pine for that sweet southern gale
Which they will never know.”

Herrick seems to have been struck with something
like the same idea as he strolled through the dewy,
primrose-clad hedgebanks of the Devonshire lanes.
He addresses them thus :—

« Why do ye weep, sweet babes? Can tears

Speak grief in you,
Who were but born
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similarly referred to by Edwin Waugh, the well-
known Lancashire poet, in one of his most touching
poems, the “ Moorland Flower : ”"—

“ Beneath a crag, whose forehead rude

(’er-frowns the mountain side,

Stern monarch of the solitude,
Dark-heaving, wild, and wide,

A floweret of the moorland hill
Peeped out unto the sky

In a mossy nook, where a limpid rill
Came tinkling blithely by.

* * % * #

““ The green fern wove a screening grove
From noontide’s fervid ray,—
The pearly mist of the brooklet kissed
Its leaves with cooling spray ;
And when dark tempests swept the waste,
And north winds whirled wild,
The brave old rock kept off the shock,
As a mother shields her child.

¢« And when it died the south wind sighed,
The drooping fern looked dim,
The old crag moaned, the lone ash groaned,
The wild heath sang a hymn,
The leaves crept near, though fallen and sere,
Like old friends mustering round ;
And a dewdrop fell from the heather bell

Upon its burial ground :—

¢ For it had bloomed, content to bless,
Each thing that round it grew,
And on its native wilderness
Its store of sweetness strew.
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scopical grains of pollen from one plant to another.
The contrasted nature of these agencies, one inani-
mate, the other animate, we have already explained
in a former chapter ; and the reader will be prepared
to expect that insects are the chief, if not the only,
marriage-priests which unite primroses.

You cannot gather a bunch of primroses, and ex-
amine the throats ever so slightly, without perceiving
that nearly the same kind of corolla in reality encloses
two different types of floral structure. In one, the
pistil comes up level and flush with the throat of the
flower, terminating in a pin’s-head-like summit ; in the
other it is half-way down. Similarly with the five
stamens: in the former they are half-way down the
throat ; in the latter they occupy the surface, or
surrounding entrance to the throat, the place where
the pistil-head stands in the first-mentioned kind.
Stamens and pistils, in fact, change places. In a
handful of primroses you will find these two kinds
about equal in number. This peculiarity has long
been known, and the popular names of “ pin-eyed ™
and “ thrum-eyed ” have been and are given to them
respectively. What does it mean? The reverent
student is prepared to expect that it fulfils some im-
portant function in the economy of the species, and
modern botanical science assists him to an explana-
tion. If he examine the pollen from the stamens
occupying these two positions under the microscope,
he will find they differ in size and shape. The pollen-
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will not be content with regarding this law of dimor-
Plism and trimorphism as simply curious. Whatever
Darwinism has done, it has at all events given the
death-blow to that spurious theology-in-science which
deemed it possible for the Creator to indulge in
capricious zoological and botanical freaks! Those
who believe in the meaning, either in present activity
or representing a former active condition, of every
organ or character, are much more likely to be nearer
the truth, than those who ascribe all they cannot
understand to a mystic caprice more difficult to
understand still.

Every botanist now knows the great importance
of crossing. Remembering this, and knowing what
we now do of the use to which these double- and
treble-shaped floral organs are put, we can under-
stand their direct use. It was shown by Darwin, in
a paper read before the Linnaan Society when this
problem was first explained, how a dimorphic set of
flowers could be useful to one another. We can see
that an insect thrusting down its proboscis into the
throat of a primrose or a cowslip in which the pistil
was a long one, so that the head came level with the
throat, would dust it with the liberated pollen at a
part which, when the insect visited a short-pistilled
flower, would just touch the pistil of the latter, and
so both cross and fertilise it. Similarly, when it
visited the latter flower, in which the stamens occupy
the entrance to the throat, it would likewise be
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unconscious agents in carrying out the first organic
commandment! We have deemed their tribe as
among the sybarites of the animal world ; and, lo,
we suddenly awake to the fact that, without their
assistance the world would never have had its floral
robes! How many more fallings away of the scales
from our eyes will take place under the keen scrutiny
of modern science, we cannot say ; but certain it is
that any theory which opens them so as to take in
a wider and better perspective view of the universe,
brings us nearer to its Creator !

The nodding, umbel-like flowers of the cowslip,
with their deeper-yellow, mottled colour and fragrant
perfume, are near relations of the more modest prim-
rose ; our “meads in May” are crowded with them
in many districts. Here and there, scantily distri-
buted among the cowslips, we find the oxlip,—a
distinct species, with larger, primrose-like, paler
flowers : whose name of “ox ”-lip seems to have been
given to it on account of its flowers being larger than
those of the “ cows”-lip. The latter flowers are nearly
as great favourites with us as the primroses, and per-
haps would be so altogether if they were as abundant.
James Montgomery, like a true poet, reflects the
thought of all lovers of flowers :—

“ Now in my walk, with sweet surprise
I see the first spring cowslip rise :
The plant whose pensile flowers
Bend to the earth their beauteous eyes

In sunshine as in showers.”









CHAETER XXV.

“ YIOLETS BLUE.”

#EW of our flowers come
with such promise of the
nearing summer as the
violet ! Its euphonious
name raises up a host of
rich associations as if by
magic. The perfume of
the first sweet violet of the
year greets the nostrils
with delightful sadness.
There is an odour of dead
or far-off friends about it,
a faint but impressive re-
membrance of the short-
ness of human life, and the
fugitive character of human
affections. Nothing is more capable of reviving asso-
ciations of bygone times than the perfumes of familiar
garden and other flowers. Strange that most of the
secret treasures of the heart should be strung on

threads so fragile and yet so endurable !
2B
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The sweet violet (Viola odorata) is the only one
of the six English species which has a pronounced
perfume. Like the daffodils, it comes “before the
swallow dares, and takes the winds of March with
beauty.” Peeping from beneath the scanty green
leaves which have sheltered the flowers from the
storms and frosts of January and February, the violet
raises its “nodding head,” and scents the passing
breeze with an odour that causes even a careless
passer-by to pause. Later on the blue flowers will
have faded away, and the dark green leaves have
grown thick and rank, so as to completely hide from
any but a botanist’s eye the strange fact, not long
known, that a second crop of flowers is borne by the
same plant,—flowers that never open, and that are
mere abortions and monstrosities compared with the
“violets blue ” of which so many poets have sung!

The extensive geographical distribution of the
sweet violet has won for it a place in the poetry of
every nation in Europe, ancient and modern. It
was one of the devices of Athens when in the glory
of her art-civilisation, and was sold in the market-
place of that city as it is now in those of our modern
towns. It was believed that Diana transformed Io,
the daughter of Midas and the betrothed of Atys,
into a violet, to conceal her from Apollo. And
again it was said that Jove caused the sweet violets
to spring up as food for Io, when, under the form
of a white heifer, she was hiding from the jealous
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The violet has long been employed, in the vague
“language of flowers,” to express “ modesty.” Moore
speaks of one who

¢ Steals timidly away,
Shrinking, as violets do in summer’s ray.”

Keats, perhaps, brings home to us most nearly
and vividly the bonny spots

¢ Where violet beds were nestling.”

Barry Cornwall speaks of it as possessing

“ A scent as though love, for its dower,
Had on it all his odorous arrows tossed.”

The same poet also says,

¢ T love, how much I love, the rose,
On whose soft lips the south wind blows
In pretty, amorous threat,—

The lily, paler than the moon,
The odorous, wondrous world of June,
Yet more—the violet !”

In Beaumont and Fletcher's “ Queen of Corinth,”
we have this flower suggesting the following beautiful
passage :—

% Weep no more, nor sigh, nor grieve,
Sorrow calls no time that’s gone ;
Violets plucked, the sweetest rain
Makes not fresh nor grow again.”

In the old ballad of the “Order of Friars Grey,”
we have nearly a similar verse i—
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Singularly enough, the name of violet is now
limited to the flowers of one genus, but formerly
many other sweet-smelling flowers went by that name,
and we still have certain plants into whose popular
name the word enters, as the Water-violet, which is
a member of the Primroses.

Scarcely has the sweet violet passed away before it is
succeeded by the Dog-Violet (Viola camina), a species
with lighter-blue flowers and smaller leaves, which
makes glad the grassy banks of our country lanes.
This is one of our most abundant early-summer
flowers. Unlike that of which we have been speak-
ing, it is inodorous ; but its quiet, modest, light-blue
petals are prominent enough to attract insects, not-
withstanding the absence of perfume. Its stalks are
longer, and therefore the flower rises into greater
prominence than do those of the sweet violet, whose
perfume is frequently the only clue to its whereabouts,
Both these violets have double sets of flowers,—those
which are so familiar, and a later flowering kind, so
abnormally constructed that they seem scarcely to
deserve the name. Within the last few years botan-
ists have discovered many species of flowers, belong-
ing to widely-different orders, in which these double
sets of floral organs are produced. In the sweet
violet we find the later kind growing at the base of
the dense green leaves. They resemble very early
violet buds, and have short stalks, These are genu-
ine flowers, in spite of their plainness and simplicity
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of structure—flowers that never open, but always
remain closed. The parts of the calyx close over
and enfold the pistils and stamens present within,
and which are the only parts of these queer-looking
flowers that answer to the corresponding organs of
the more familiar and attractive kind. The stamens
ripen their pollen, and the pistil of the same flower
receives it, without the external parts opening to the
sun or being raised an inch above the base of the
root. Self-fertilisation is enough to propagate the
species ; and so, as is usual in the economy of nature,
there is no necessity to don those colours and per-
fumes which we have already seen are so many bids
for the services of insects when crossing is necessary.
This kind of aborted flowers is termed cleistogamous,
from the Greek words which signify that fertilisation
is effected within unopened flowers. Singularly
enough, in the common Sweet and Dog Violets, it is
these closed flowers which bear the most seeds ; they
are the “workers,” whilst the traditional violets seem
to be of less account. ILubbock believes that the
latter are of use in securing an occasional cross. It
is very certain that the blue flowers of the dog-violet
produce numerous seeds, and it remains to be seen
~whether there is not some interchange between these
double-flowering plants like that which exists among
many of the zoophytes.

These closed violets bear evidence of what may
be called “degradation” They have “fallen from
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their high estate” as attractive flowers. Evidences
of their former grandeur are still in part retained
within the bud-like form. As we carefully open
them, we see traces of the petals, partly coloured
sometimes, although wondrously contrasted both in
that respect and in size, from their earlier and more
richly attired brethren. They represent the first
stages in the development of true violets, only that,
whilst the process goes on as regards the stamens
and pistils, the petals are arrested, and never develop
beyond this crude and rudimentary condition.
Whilst speaking of violets, those who have seen
the mountain species, the beautiful Yellow violet
(Viola lutea), sometimes growing so abundantly as to
give a golden sheen to the hill-sides, will not be ready
to hear it spoken of contemptuously. We have no
simpler, prettier, lovelier flower. The Tri-coloured
violet (Viola tricolor), whose triple tints earned for it
in olden times the name of “ Herb Trinity,” is another
species of this lovely group, common in our meadows
and lanes in the early summer time. Few people,
who briefly notice its meek corolla, imagine that the
somewhat gaudy and always showy pansies of our
gardens are descended from it and another equally
unobtrusive species. It is one of the oldest of our
cultivated forms, and in olden times was better known
as “heart’s-ease.” The French name “pansy” has
long been in use, however, as we see from the refer-
ence to it in “ Hamlet ;” “ There are pansies; that’s
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are thus shaken out by the act of rupturing. The
so-called “spur,” which all violet flowers possess, is
formed by the lowest petal being prolonged. This,
when detached, is seen to sheathe two little hinge-like
projections from two of the other petals of the flower,
In the Dog-violet the floral mechanism is of a very
complicated and ingenious character. The middle
petal has a long spur which may be entered from the
throat of the open flower. Its entrance, however, is
partly closed by the top of the pistil, and partly by
two tufts of hairs which project from the neighbour-
ing petals. Some of the stamens are elevated on
short threads, whilst two possess a kind of spur which
lies within that of the petal already mentioned. The
stamens stand close together at their tips, and, with
the pistil, thus form and enclose a hollow. The
pollen of this violet is very dry, and is therefore
easily detached. 'When the pollen-bags open it drops
into the enclosed space. The lower part of the pistil
is thin and bent, the upper part being blunt. Hence
all the pollen-dust is securely kept within the hollow,
until some large insect, such as a bee, forces aside
the entrance to the throat and spur, and then all of
it is suddenly discharged upon its head. The pro-
ceedings are like that of the well-known toy called
“ Jack-in-the-box.” The bee whose head is thus
dusted flies to some other violet, and in attempting
to enter the mouth brings the pollen-dust at once
into contact with the sticky surface of the pistil, and
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thus unconsciously cross-fertilises it. All this floral
machinery of the Dog-violet is constructed so that
this end may be successfully brought about.

The relative position of the petals of flowers, as
well as of the number, shapes, modifications, and
positions of the interior stamens and pistils, have only
within the last few years been thoroughly understood.
Under the old Linnzan classification it was sufficient
to know how many pistils and stamens there were,
and it was only in a few plants that the position was
noticed to any extent. Now that the doctrine which
teaches how the structure of flowers is purely one of
adaptation to the mode in which the flowers are self-
or cross-fertilised, whether by wind or insects, is
getting understood, most of the variations can be
clearly interpreted. One of the oldest botanists who
devoted considerable time to the investigation of
these matters was Sprengel, who wrote about them
nearly a century ago. This was in the days of the
artificial classification, when no room could be made
for such observations to tell on botanical science. It
was necessary first to break down this system, and
bring in that called the “natural,” before due value
could be given to them. Sprengel tells us in quaint
but pious language the reasons which led to his in-
vestigating other than the important floral organs of
plants. “I am convinced,” he says, “that the wise
Author of nature would not have created even a hair
in vain.” And as a reward, Lubbock tells us how
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Sprengel ascertained that in many instances the hairs
about the throats of flowers (as in that of the Dog-
violet) served to protect the honey from the rain.

It was this long-forgotten and painstaking botanist
who pointed out the specialised structure of the
Sweet-violet. He showed that the flower bent its
head on the stalk to prevent the rain getting into the
interior, and so dissolving away the honey which is
the bait and attraction for insect visitors. This
position of the flower also places the stamens so that
the dry pollen can fall into the open space already
described. The base of the pistil is purposely thin,
so that bees and other insects can easily bend it ;
whilst there are filmy projections from some of the
stamens which overlap the middle stamens, and so
keep in the pollen until the position of the pistil, etc.,
is disturbed by the force of the bee endeavouring to
get at the honey in the interior of the flower.

The intimate relationship between the structures,
colours, and even shapes of most of our wild flowers,
and the mouths of the insects frequenting them, is
more intimate than we have hitherto imagined. And
the investigations of naturalists are every day extend-
ing the number of the most striking parallels and
adaptation. The divinity of natural history was
never richer, nor more suggestive, than it is at the
present time. The less ignorant we are of the life-
histories and structures of all living forms, animal as
well as vegetable, the less likely shall we be to take






CHAPTER XXVI.

SUMMER MEADOWS.

1 y HUHAT a sense of exalted

physical life we feel when
the glory of the summer
is upon us, and the mea-
dows and woods are decked
in their richest floral gar-
ments. It is a time when a
thoughtful man will reflect
on how much the unthink-
ing world owes of its best
thoughts to flowers. Their
influence insinuates itself
into our nature in early
childhood, and only assumes
another form when the cul-

tivation of rare orchids occupies our latter days.
Their graceful leaves and beautifully coloured petals
furnish us with all that we require in decorative art :
our walls are papered, our rooms are carpeted, and
our houses and surroundings are crowded with imita-
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¢ Modest, yet withal an elf,
Bold, and lavish of thyself ;
Since we needs must first have met
I have seen thee, high and low,
Thirty years, or more, and yet
'Twas a face I did not know ;
Thou hast now, go where I may,
Fifty greetings in a day.”

The old name of “swallow herb,” which the little
celandine once enjoyed, and which undoubtedly was
derived from its appearance being made about the
time when that bird arrives here,—just as the cuckoo
has given its name to other plants,—is now all but
extinct. Old Gerarde, who was exceedingly fond of
discovering the etymological origin of common plant
names, and who did not scruple to invent them if
there was no other resource, tells us that the name
of “ swallow herb ” was given to the celandine because
country people believed the old swallows used the
herb to restore sight to their young, in case the latter
became blind! Whatever may have been the origin
of the belief, we have met with several illustrations
of it in Lancashire and Cheshire, where the poor
people have a firm belief in the ophthalmic properties
of the celandine.

All the buttercups possess a strong alkaline poi-
son, which is usually dissolved in the juices of the
plant. Hence we see, that however numerous the
cattle may be in our meadows, none of them crop
the buttercups. In some species belonging to the
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up with a tenacity which can only be forgiven because
the larkspur is the prettiest and most harmless of its
kind. The Columbine is still found occupying a
corner in country cottage gardens; the rich have
long since banished it. The Monkshood, notwith-
standing its deep indigo-blue flowers, lives a precarious
life, for, as we have already said, it is the most dan-
‘gerous of its tribe. In the old Saxon times it did
good service nevertheless, for this plant was used for
poisoning and exterminating wolves, hence its other
name of “ Wolf’s Bane,” which it bears unto this
day.

The pellow-flowered species of the large order
Ranunculacee are those to which most poetical refer-
ence has been made. Shakespeare calls them “Cuckoo
buds of yellow.” That notable bird.gave its name
to a host of English plants: “ Cuckoo Pint” (Arum
maculatum), “ Cuckoo-flowers ” (Cardamine pratensis),
etc. In the damp, moist meadows, especially where
some sluggish dyke exists, we find extensive masses
of the Marsh Marigold (Caltha palustris). A gaudier
English flower is not to be found. Shakespeare re-
fers to it as the “winking Mary-buds.” Notwith-
standing the brilliant and glossy yellow of these large
flowers, there are no petals. The sepals are coloured
instead, and so in that wonderful economy we find
in nature, side by side with the most profligate ex-
travagance, there is no necessity for coloured petals,
and none exist. At the base of the yellow petals,
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leaf-buds into flower-buds, by simply crippling the
plant, and not allowing the leaves to reach their
higher vegetable life. Hence the dense pyramidal
masses of Azalea or Camellia, which can so easily be
reared in greenhouses. All their wealth of colour
has been developed by #mpoverishing the shrubs, not
by encouraging their growth.

Truly the poet’s remark can only be applied to
our English meadows, where

¢ The buttercups across the mead
Make sunshine rift of splendour.”

The species which is most abundant is the Upright
summer buttercup (Ranunculus acris). It is one of
the most bitter and disagreeable to the taste, and
cattle therefore persistently refuse to eat it. Per-
haps the same meadows are occupied by another
species, the Creeping Crowfoot or buttercup (Ranu-
culus vepens), which may easily be distinguished by
its having root-runners like the strawberry. Hence
it has a double advantage over its fellows, for it pro-
pagates its kind by shoots as well as by seeds. We
have here operations very similar to those exhibited by
such animals as the sea-anemone and the common
freshwater hydra, which bring forth young from eggs,
as well as from fission, or budding. Before the last
species of buttercup burst into blossom, its place had
been occupied in the same meadows by the Bulbous
Buttercup (Ranunculus tuberosus). This is the first
to appear, even before the little celandine has passed
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them mysteriously to his own or his companions’
chin, to “see which liked butter best!” There are
few who cannot say of them, with Campbell,

“ Wildlings of nature, I dote upon you ;
For ye waft me to summers of old,
When the earth teemed around me with fairy delight,
And when daisies and buttercups gladdened my sight,
Like treasures of silver and gold.
Earth’s cultureless buds ! to my heart were you dear
Ere the fever of passion, or ague of fear,
Had scathed my existence’s bloom ;

Once I welcomed you more, in life’s passionless stage,
With the visions of youth to revisit my age,
And I wish you to grow on my tomb.”

What a strange wailing is this of the human soul
after the past or the future—a restless discontent
with the present, so that “man never is, but always
to be, blest ”! What frail and tender objects suggest
the fact that “ here we have no abiding city”! The
flowers and the birds are the joyous companions of
our earthly pilgrimage, but they leave us on this side
the “dark river,” We are thankful for their associa-
tion so far, and still more so for the rich wealth of
associations, dearer still, of dead friends and loved
ones, to whom the grasshopper has long ceased to
be a burden, and who no longer

¢ Hear the nightingale
Sing on, as if in pain.”

Eliza Cook speaks of lingering

¢ Latest on the spot where buttercups are found.”






392 NATURE'S BYEPATHS.

may unwittingly have been attracted to some such
spot hidden away by the tall, unmown grass, and
known only to the water-hen and her young: if so,
he has seen these white flowers, which belong to the
Water-crowfoot (Ranunculus aguatilis). Like many of
our native water-plants, they have two sets of leaves,
—one set composed of small, thread-like parts, which
are always immersed in the water; the other and
upper of roundish,lobed leaves,of a prettily-cut pattern,
which are the “floating leaves” that buoy up this
charming flower and enable it to “ rejoice in the sun.”
The surface of the tarn is covered with other aquatic
plants, that are silently wrestling with and elbowing
each other for room, and sunshine, and air. The
framework or setting of the tarn is a dense mass of
carices, irises, catstails, bullrushes, meadow - sweet,
purple loosestrife, figworts, forget-me-nots, red cam-
pions, and spearworts. How the evening wind sighs
and soughs through them, as though the place was
haunted! The plunge of a water-vole or the croak of a
frog seems to intensify the silence which can then so
painfully be felt. A score of unassignable sounds
succeed each other as the twilight graduates into
night. But in the summer’s mid-day how laughingly
the same quiet tarn seems to upbear its burden of
varied life! The breeze chafes the margined plants
against each other, as if in pleasant rivalry; the
spangled blue and green dragonflies flit in uncertain
shifts hither and thither, taunting one’s eye with the
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many of them are especially interesting. He sees
in the Monkshood the sepals of the calyx deeply
coloured and the inclosed petals degraded from their
usual floral estate into small and inconspicuous nec-
tary-bearers ; in the Larkspur he notices how one of
the coloured sepals is prolonged into the “spur”
in which is a wonderful bit of machinery formed by
the aborted and diminished petals to ensure cross-
fertilisation by the agency of any insect that attempts
to get at the honey stored up in the spur; in the
Columbine he observes how @// the sepals are equally
spurred, and not one only as the Larkspur: every-
where the same fact strikes him of the complexity
and yet the basal simplicity of floral structures.



CHAPTER XXVIL
HEDGE GARLANDS.

¥ T no time of the year do our
country hedges look so
charming as in early June.
The unfrequented green
lanes are lined with banks
of flowers, whose bright
colours and sweet perfumes
make the morning air more
delicious than fabled nectar.
The atmosphere thrills with
the loud concert of bird-
music, softened by the hum
of insect life. The fleecy
clouds hanging in the

& 4 laughing blue sky seem as
if they joined in the festival of joy on which they
look down! All animated nature seems to be holi-
daying, and the Lord of Life is spreading a table
even in the wilderness! The sparkling dew-drops
fill the chalices of wild flowers, so that they look like
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beauty smiling through tears. Perhaps this is the
month of all the year when the tide of mere physical
life is at its height. We feel what a joy it is merely
to live !

Our hedgerows are then unequalled for beauty :
the fresh green hawthorn leaves have not been de-
voured by caterpillars, but look crisp and strong, with
just a reddish tint where the young shoots are rapidly
sprouting upwards, and expenditure of energy is
taking place. The blossoms of this useful and
common shrub are unsurpassed by any of our wild
flowers ; and we see them bursting forth in rich
broken masses of pure white, and filling the air
with fragrant and suggestive odour. The movements
of the small birds as they spring from twig to twig,
scattering the loosened petals, cause jets of fresh
hawthorn scent to rise and greet the nostrils with
unexpected delight. How one longs, when far away
from England, for a sight and smell of the hawthorn
blossoms! How we miss the familiar and too
geometrical parcelling out of fields by hawthorn
fences when travelling in other lands. This shrub
clings to and characterises the scenery of England
like the language; and perhaps both were introduced
by the same Saxon settlers. It is surprising how-
largely the latter utilised the hawthorn, both as a
defence and an enclosure ; and its name actually
enters into and often forms a part of many of those
very,English villages which it still adorns so beauti-
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““ Youth’s folk now flocken everywhere,
To gather May-baskets and smelling breere,
And home they hasten the posts to dight,
And all the kirk-pillars ere day-light,
With hawthorn buds, and sweet eglantine,
And garlands of roses, and sops-in-wine.”

Herrick was not likely to overlook such a floral
custom, with the keen love he had for flowers and

their associations, and so we find him addressing
“ Corinna ” thus :—

¢ Get up, get up, for shame : the blooming morn

Upon her wings presents the god unshorn.
See how Aurora throws her fair
Fresh-quilted colours through the air;
Get up, sweet slug-a-bed, and see
The dew besparkling herb and tree.

Each flower has wept and bowed towards the east

Above an hour since, yet you are not drest,
Nay, not so much as out of bed !
When all the birds have matins said,
And sung their thankful hymns, ’tis sin,
Nay, profanation, to keep in ;

When as a thousand virgins on this day

Spring sooner than the lark to fetch in May.”

By its name of “May ” the hawthorn is still best
known in the Eastern counties, although its flowering
is more distinctive of June than the month whose
name it bears, owing to the change in the calendar.
Chaucer seems to have hesitated as to which flower
he loved best, this or the daisy. Thus we find him
saying—
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trysting-places of the “little folk,” and cursed be the
boor who durst so much as pluck a leaf from such
a tree! No ghost, even, durst approach them !
The early Catholics believed that it was of the haw-
thorn that the “crown of thorns” was made, and
therefore, says quaint Sir John Maundeville, “ hath
the white-thorn many virtues. For he that beareth
a branch on him thereof, no thunder, or manner of
tempest may hurt him; and in the house that it is
in may no evil ghost enter.” It was probably this
belief that led to the adornment of churches with the
hawthorn, on the same principle as that which caused
them to paint the figure of St. Christopher opposite
the north entrance, in order that evil spirits might
leave those who looked upon it as they entered in.
The famous Glastonbury white-thorn, said to have
sprouted from the staff which Joseph of Arimathea
planted in the ground, is a good illustration of how ex-
planations were formerly given. It is not unfrequent
for some shrubs or trees to flower twice in the year.
Young cherry-trees frequently do this, as well as
others ; such as the elder, dog-wood, apple, and pear.
The original thorn which gave rise to the tradition
is said to have been cut down by a Puritan soldier
of the Commonwealth, who regarded it as an emblem
of Popery. The belief was that it was always in
flower on Christmas Day, and not before. A good
many sprigs of this famous thorn had been planted
before the destruction of the parent tree, and, singu-
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propagation has always to be performed by planting
shoots from the parent trees, as no “haws” are pro-
duced. Speaking of these haws, which give their
name to the plant, what can be more beautiful than
their thick scarlet clusters, just before the faded
yellow and red leaves fall to the ground? Country
folk still believe what evidently men of science
thought about them three hundred years ago: viz,
that when they are abundant a severe winter is sure
to follow. Lord Bacon remarked that “a store of haws
portends cold winters ;” and it was argued that the
fruit was a purposely stored-up provision for the
birds against the time when the snow covers the
ground. There can now be little doubt that all
bright coloured fruits attract birds, just as con-
spicuous flowers attract insects, for it is by bird
agency that their seeds are dispersed.

The delightful hum we mayhear the whole livelong
day, whilst the hawthorn blossoms last, is due to the
numerous insect tribes which are aware that at the
base of the petals there is a small store of honey.
The well-known peculiar perfume is like the odour of
bitter almonds, and is chemically due to the same
source,—the presence of a small quantity of what is
popularly termed “prussic acid” in them. Many
other flowers which belong to the same order (Rosacee)
as the hawthorn possess this almond perfume, and it
is strongest of all in one of them,—the common

meadow-sweet,—to be found in abundance by the
sides of moist and damp ditches.
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We may yet find thousands of such banks as that
he mentions in his “ Midsummer Night’s Dream :”
““1 know a bank whereon the wild thyme blows,

Where oxlips and the nodding violet grows ;
Quite over-canopied with lush woodbine.”

Shelley mentions such another spot :

“I dreamed that as I wandered by the way,
Bare winter suddenly was changed to spring,
And gentle odours led my steps astray,
Mixed with the sound of waters murmuring
Along a sheltering bank of turf, which lay

Under a copse.
5 3 * *

“ And in the warm hedge grew lush eglantine,
Green cowbine and the moonlight coloured May,
And cherry blossoms, and white cups, whose wine
Was the bright dew yet drained not by day.”

Keats’s delicious description of the honeysuckle is
one of the many proofs we have of the keen love he
had for all natural objects. He speaks of the

“ Dew-sweet eglantine,
And honeysuckles full of clear bee-wine.”

We know now how full of botanical truth is this.
The long tubes of these flowers contain more honey
than the corollas of any other species of British
flowers. And the reason why the deep perfume of
the honeysuckle is given forth in greater richness
when evening draws on and the damp night air is
better fitted to carry odours, is that certain moths
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botanists think it can hardly lay claim to being con-
sidered native. The flowers are usually in whorls,
whilst those of the common honeysuckle are in ter-
minal clusters. Bees are said to be able to get at
the honey in the last-mentioned species, owing to the
flower-tubes being shorter than in the former ; so that
Keats's name of “ bee-wine,” for the contained nectar,
is more or less botanically and zoologically true.
This rich store of perfume and honey is a reward for
the insect diligence expended in crossing the flowers,
and without which we should lack the clusters of
tempting scarlet berries with which the honeysuckle
adorns our hedges in the late autumn time. Not-
withstanding the wiry and seemingly awry mode of
growth which the honeysuckle affects, it is obedient
to a non-understood law which dictates that it shall,
more or less persistently, twine from left to right.

¢ With clasping tendrils it invests the branch,
Else unadorned, with many a gay festoon
And fragrant chaplet, recompensing well
The strength it borrows with the grace it lends.”

A humble poet says truthfully of this national
favourite :—

¢ By rustic sea; and garden bower,
There’s not a leaf, or shrub, or flower,
Blossom or bush, so sweet as thee,
Lovely but fragrant honey-tree.
By stately hall we see thee not,
But find thee near the lowly cot,
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Cooke, Davies, Edwards, How
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MINERALOGY. — See  Popular
Science Review.

NATURAL SCIENCE.—See
nard.

NEEDLE-WORK.—See Trotter.

OoLoGY.—See Notes on Collect-
ing.

ORNITHOLOGY. — See Jardine,
Naturalist's Library, Science
Gossip, Wilson.

OsTEOLOGY.—See Flower.

PHILOSOPHY.—See Butler.

PHOTOGRAPHY, — S¢e
hoven, Russell.

PHysICS.—See Popular Science
Review.

PHYSIOLOGY,— See Lankester.

Bar-

Monk-

POETRY,—S¢e Barclay, Bennoch,
Changed Cross, Crown of Life,
Idyls, Living, Wordsworth.

POPULAR SCIENCE.—See Hers-
chel, Taylor, Twining, Wood.

PROFESSIONS.—See Pascoe,

QUOTATIONS.—See Treasury.

RELIGION. — See Aids, Alford,
Newman, Personal Piety, Stan-
ley, Sunday, Wilberforce,

REPTILES.—See Cooke.

SERMONS.—See Newman,

SHOOTING,--Se¢e How to Use,
Shooting.

SPIRITUALISM,.—See Zerffi.

THAMES (THE).—S5ee Up the
River.

THEOLOGY.—S5¢e Religion.

ToBACCO,—See Steinmetz.

TRAVELLERS (HINTS FOR).—See
Boner, Lord,

WiLD FLOWERS.—.See Lankester
(Mrs,), Sprague, and Goodale.

WinDs AND TIDES,— See Jor-
dan.

WoMAN,—.See Cresswell.

ZooLoGY,—See Midland Natu-
ralist, Mivart, MNaturalist's
Library, Popular Science
Review, Science Gossip, Taylor.
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FLOWERS : Their Origin, Shapes, Perfumes, and Colours.
Illustrated with 32 Coloured Figures by SOWERBY, and 161
Woodcuts. Second Edition. Crown 8vo, cloth gilt, 7s. 64,

HALF-HOURS IN THE GREEN LANES. A Book
for a Country Stroll. Illustrated with 300 Woodcuts, Fifth
Edition, Crown 8vo, cloth, 4.
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Inorganic Chemistry., Lecture VI. Organic Chemistry.—Part
V. Lecture VII. Outlines of the Mineral and Vegetable King-
doms. Lecture VIIL. Outlines of the Animal Kingdom.—
Part VI. Lecture IX. Human Physiology, with Outlines of
Anatomy. Lecture X. Human Physiology (concluded).
A Series of Diagrams illustrating the above has been published,
a list of which may be had on application. The price of a Com-
FIete Set of Diagrams is £3 ; the cost of the separate sheets varies
rom 6d. to 4s.

* For their perspicuity, cheapness and usefulness, we heartily commend this
course of Lectures to all primary schools and to very many populous localities
where it is desired by influential residents to impart pleasing and instructive
information, free from high-class scientific phraseology."— Fonrnal of Applied
Seience,

UP THE RIVER from WESTMINSTER to WINDSOR.
A Panorama in Pen and Ink. Illustrated with 81 Engravings
and a Map of the Thames. Demy 8vo, 1s. 64,

VICTORIA INSTITUTE, or Philosophical Society of-
Great Britain, Journal of the Transactions of. Edited by
the Honorary Secretary, Captain F. W. H. PETRIE,
F.R.S.L., F.G.S., &c. Demy 8vo. Vol. XII. Part I, 7s. 64.
Part JI. 35. 64 Vols. I. to XI., cloth, gilt tops, price
A1 Is. each. Most of the more important articles are
published also in pamphlet form. A list of these may be
had on application.

WALTE, 5. C.

GRACEFUL RIDING: A Pocket Manual for Eqﬁesl:ri,ans.
Illustrated. Fcap. 8vo, cloth, 25 64.

WALFORD, E., M.A., Late Scholar of Balliol College, Oxford.

PLEASANT DAYS IN PLEASANT PLACES:
. Notes of Home Tours., Contents: Dorney and Burnham—
Shanklin— Hadleigh— St. David’s—Winchilsea—5andwich
—St. Osyth’s Priory—Richborough Castle—Great Yarmouth
—0ld Moreton Hall—Cumnor—Ightham—Shoreham and
PBramber — Beaulien — Kenilworth — Tattershall Tower —
Tower of Essex. Second Edition. Tllustrated with numerous
Woodcuts. Crown 8vo, cloth extra, §s.

HOLIDAYS IN HOME COUNTIES. Contenis : A Day
at Harold’s Tomb—A Day at Stoke Pogis—St. Alban’s and
Gorhambury—Footprints of Wolsey at Exeter—A Day at
Selbourne—A Day at Rochester—A Summer Day at Chiswick
—Brambletye House—An Autumn Day at Chertsey —A Pil-
grimage to the Birthplace of Nelson—A Summer Day about
Dover, &ec., &c. Illustrated with numerous WWoodcuts.
Crown 8vo, cloth extra, 5s.
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WORDSWORTH’S POEMS FOR THE YOUNG. With
50 Illustrations by JOHN MACWHIRTER and JOHN PETTIE,

and a Vignette by J. E. MirLrLars, R.A. Demy 16mo,
cloth gilt, 1s. 64.

WYNTER, ANDREW, M.D., M.R.C.P.
SUBTLE BRAINS AND LISSOM FINGERS : Being
some of the Chisel Marks of our Industrial and Scientific

Progress. Third Edition, revised and corrected by ANDREW
STEINMETZ. Fcap. 8vo, cloth, 3s. 6d.

CURIOSITIES OF CIVILIZATION. Being Essays re-

grinted from the Quarterly and Edinburgh Reviews. Crown
vo, cloth, 6s.

ZERFFI, G. G.,, PRD., F.R.S L,

MANUAL of the HISTORICAL DEVELOPMENT
OF ART-—Prehistoric, Ancient, Hebrew, Classic, Early
Christian. With special reference to Architecture, Sculpture,
Painting, and Ornamentation. Crown 8vo, cloth, 6s.

SPIRITUALISM AND ANIMAL MAGNETISM. A
Treatise on Spiritnal Manifestations, &c. &c., in which it is
shown that these can, by careful study, be traced to Natural
Causes. Third Edition. Crown 8vo, sewed, Is.

—

NEW WORK BY ¥ E. TAVLOR, F.L.S., FG.S.,
Editor of ** Science Gossip.”

Crown 8vo, cloth, 7s5. 64.

NATURE'S BYE-PATHS.

A Series of Recreative Papers in Natural History.

CONTENTS.
CHAP. | CHAP. o Sl
1. Subterranean Mountains. | 15. Scientific Pilgrims.
2. Owver an Old-Lane Surface, | 16. The Norfolk Broads.
3. Submarine Forests. i 17. Old Wine in New Bottles.

. Hunting for Minerals, 18. The County Palatine.
;. Soils: Ft;h::ir QOrigin, Renovation, | 10. The Story of a Recent Scare.
and Decay. 20. Pike-Fishing in Norfolk.
6, 7. 8, 9. A Naturalist on the Tramp. | 21. Aquatic Engineers.
10. Phosphates: their Ornigin and | zz. Vegetable Parasites.

Uses, 23. The Time of Catkins.
11. Yulcan's Forge. | 24. The Flowers of the Prime.
12, 13. Geological Dispersion of Ami- | 25. ** Violets Blue.”

mals and Plants. | 26, Summer Meadows.
14. Watery Wastes. 27. Hedge Garlaunds.

London: DAVID BOGUE, 3, St. Martin's Place, W.C.
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BOGUE’S HALF-HOUR VOLUMES,

THE GREEN LANES: A Book for a Country Stroll. By
. E. Tavior, F.L.S5.,, F.G.5, Illustrated with 3c0 Woodcuts. Fifth
dition. Crown Bvo, cloth, 45.

THE SEA-SIDE; or, Recreations with Marine Objects.
By J. E. Tavror, F.L.S,, F.G.8, Illustrated with 150 Woodcuts. Fourth
Edition. Crown 8vo, [:]l;tl!i'l,, 45,

GEOLOGICAL STORIES: A Series of Autobiographies in
Chronological Order. By J. E. Tavror, F.L.S, F.G.S. UMETOUS
Illustrations. Fourth Edition. Crown 8vo, cloth, 4s.

THE MICROSCOPE : A Popular Guide to the Use of the
Instrument. By E. Lamkester, M.D., F.R.S. With 250 Illustrations.
Sixteenth Thousand. Fcap. 8vo, cloth plain, 25, 64, ; coloured, 4s. -

THE TELESCOPE: A Popular Guide to its Use as a
means of Amusement and Instruction . By R. A. ProcTor, B.A. With
nlun:rxlemusﬁilluslmtiuns cn Stone and Woed. Seventh Edition, Feap. 8ve,
cloth, z25. 04, :

THE STARS : A Plain and Easy Guide to the Constellations.
By E. A. Proctor, BiA. Illustrated with 1z Maps. Tenth Thousand.
Demy 4to, boards, ss. ;

ENGLISH ANTIQUITIES. By LLEWELLYNN JEWITT,
F.S.A. Confents:— Barrows, Stone Arches, Cromlechs — Implements of
Flint and Stone—Celts and other Instruments of Bronze—Roman Roads,
Towns, &c. — Tesselated Pavements, Temples, Altars — Ancient Pottery—
Arms and Armour—Sepuolchral Slabs and Brasses—Coins—Church Bells—
Glass—Stained Glass—Tiles—Tapestry—Personal Ornaments, &c. With
300 Woodeuts. Second Edition. Crown Bve, cloth extra, 55,

ENGLISH FOLK-LORE. By the Rev. T. F. THISELTON
Dver. Confents: — Trees — Plants — Flowers — The Moon — Birds—
Animals—Insects—Reptiles— Charms—Birth—Baptism — Marriage— Death
— Days of the Week—The Months and their Weather Lore —Bells—Miscel-
laneous Folk-Lore. Second Edition. Crown 8vo, cloth, ss.

PLEASANT DAYS IN PLEASANT FPLACES. Notes
‘of Home Tours. By Epowarp Warrorp, M.A., late Scholar of Balliol
College, Oxford, Editor of ‘' County Families,” &c. Confenis :—Dome
and Burnham—Shanklin—Hadleigh—5t. David's—Winchilsea—Sandwic
—5t. Osyth's Priory—Richborough Castle—Great Yarmouth—0Old Moreton
Hall= Cumnor—Ightham—Shoreham and Bramber—Beaulieu—Kenilworth
—Tattershall Tower—Tower of Essex, Illustrated with numerous Wood-
cuts. Second Edition. Crown 8vo, cloth extra, ss.

HOLIDAYS IN HOME COUNTIES. By EpwArD WAL-
rForp, M.A, Contents: A Dayat Harold's Tomb—A Day at Stoke Pogis—
St. Alban’s and Gnrhamhu:}r—antgrinr_u of Wolsey at Esher—A Day at
Selbourne—A Day at Rochester—A Summer Day at Chiswick— Brambletye
House—An Autumn Day at Chertsey—A Pilgnimage to the Birthplace of
Nelson—A Summer Day about Dover, &c., &c. With numerous 1llustra-
tions, Crown Bvo, cloth extra, 5s.

Other Volumes in Preparation.

London : DAVID BOGUE, 3, St. Martin's Place, W.C.
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Monthly, price 4:.:', Annual Subscription, 5s. (including Postage)

HARDWICKE’S
SCIENCE GOSSIP:;

An Illustrated Medium of Interchange and Gossip
for Students and Lovers of Nalure.

Edited by J. E. TAYLOR, Ph.D., F.L.S., F.G.S., &c.
NUMEROUS ILLUSTRATIONS.
Vol. XVI. commenced January, 1880.

Among the subjects included in its ‘zﬁngﬂ' will be found :

AQUARIA, BEES, BEETLES, BIRDS, BUTTERFLIES, FERNS, FIsH,
Fries, FossiLs, Funcl, GEoLoGY, LICHENS, MICRO-
SCOPES, MossES, MoTHS, REPTILES, SEAWEEDS,
SripErs, WILD FLOWERS, WORMS,

&c+, &CF
“This is a very pleasant journal,  The reader who buys for himself their

that costs only fourpence a month, monthly budget of notesand discussions
and from which the ; : upon pleasant points
reader who is no na- in natural history and
turalist ought to be e . science, will probably
able to pick up a 28y ANeN find his curiosity ex-
good fourpenny-worth iali=td cited and his interest

T

of pleasant informa- }‘ I}}ﬁﬁﬁ" (= W in the world about
tion. Itis conducted iy ~\l = sl | him taking the form
and contributed to by S R of a little study of

some branch of the
sort of knowledge that
has won his readiest
attention. For when
the study itself is so
delightful, and the en-
), thusiasm it excites so
% penuine and well-di-
rected, these enthu-
s5iasms are contagious.,
The fault is not with
itself, but with the
public, if this little
il magazine be not in
Mo favour with a very
8 large circle of read-
Ay ers,'—Framiner,

expertnaturalists, who
are cheerful compa-
nions, as all good na-
turalists are ; technical
enough to make the
general reader feel
that they are in ear-
nest, and are mot in-
sulting him by writing
down to his compre-
hension, but natural
enocugh and direct
enough intheir records
of facts, their ques-
tioning and answering
each other concerning
curiosities of nature.

London: DAVID BOGUE, 3, St. Martin’s Place, W.C.

J. OGDEN AND CO., PRINTERS, 172, ST. JOHN STREET, E.C.
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