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BOOK U.
AQUEOUS

CAUsEs-continued.

CHAPTER VI.
DESTBOYING AND TRANSPORTING EFFECTS
CURRENTS.

OF TIDES AND

Differences in the rise of the tides - Rennell's Account of the
Lagullas and Gulf currer.ts - Velocity of currents -Causes of
currents- Action of the sea on the British coast (p. 12.)Shetland Islands - Large blocks removed- Effects of lightning - Isles reduced to dusters of rocks - Orkney IslesEast coast of Scotland (p. 19.) - East coast of EnglandWaste of the dUI's of Holderness, Norfolk, and SuffolkSilting up of estuaries (p. 27.) - Origin of submarine forests
- Yarmouth estuary - Suffolk coast - Dunwich (p. 91.)Essex coast - EstUary of the Thames - Goodwin SandsCoast of Kent- Formation of Straits of Dover (p. 99.)South coast of England - Sussex - Hants - Dorset Portland - Origin of the Chesil Bank (p. 47.) - Cornwall
- Coast of Brittany.

the movements of great bodies of water,
termed tides and currents, are in general due to very
distinct causes, their effects cannot be studied separately ; for they produce, by their joint action, those
ALTHOUGH
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changes which are objects of geological interest.
These forces may be viewed in the same manner as we
before considered rivers, first, as employed in destroying portions of the solid crust of the earth, and removing them to other places; secondly, as reproductive of
new strata.
Tides.- It would be superfluous at the present day
to offer any remarks on the cause of the tides. They
are not perceptible in lakes, or in most inland seas;
in the Mediterranean even, deep and extensive as
is that sea, they are scarcely sensible to ordinary
observation, their effects being quite subordinate to
those of the winds and currents. In some places
however, as in the Straits of Messina, there is an
ebb and flow to the amount of two feet and upwards;
at Naples and at the Euripus, of twelve or thirteen
inches; and at Venice, according to Rennell, of five
feet.- In the Syrtes, also, of the ancients, two wide
shallow gulfs which penetrate very far within the
northern coast of Africa, between Carthage and Cyrene, the rise is said to exceed five feet.t
In islands remote from any continent, the ebb and
flow of the ocean is very slight, as at St. Helena, for example, where it" is rarely above three feet.+ In any
given line of coast, the tides are greatest in narrow
channels, bays, and estuaries, and least in the intervening tracts where the land is prominent. Thus, at the
entrance of the estuary of the Thames and Medway.
tlIe rise of the spring-tides is eighteen feet; but when
we follow our eastern coast from thence northward,
• Geography of Herodotus, vol. ii. p. S8l.
Ibid. p. S28.
RomQle, Vents et Courans, vol. ii. p. 2.
Quart. Joum. of Science, Marcb, 1829.

t
t

Rev. F. Fallows,
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towards Lowestoft' and Yarmouth, we find a gradual
diminution, until, at the places last mentioned, the highest rise is only seven or eight feet. From this point
there begins again to be an increase, 'so that at Cromer,
where the coast again retires towards the west, the
rise is sixteen feet; and towards the extremity of the
gulf called "the Wash," as at Lynn and in Boston
deeps, it is from twenty-two to twenty-four feet, and in
some extraordinary cases twenty-six feet. From
thence again there is a decrease towards the north,
the elevation at the Spurn Point being from nineteen
to twenty feet, and at Flamborough Head and the
Yorkshire coast from fourteen to sixteen feet.At Milford Haven in Pembrokeshire, at the mouth
of the Bristol Channel, the tides rise thirty-six feet; and
at King-Road near BristQl, forty-two feet. At Chepstow
on the Wye, a small river which opens into the estuary
of the Severn, they reach fifty feet,and sometimes sixtynine, and even seventy_two feet.t A current which
sets in on the French coast, to the west of Cape La
Hague, becomes pent up by Guernsey, Jersey, nnd other
islands, till the rise of the tide is from twenty to fortyfive feet, which last height it attains at Jersey, and
at St. Malo, a seaport of Brittany.
Ourrents.- The most extensive and best determined
system of currents, is that which has its source in the
Indian Ocean, under the influence of the trade winds;
and which, after doubling the Cape of Good Hope,
inclines to the northward, along the western coast of
Attica, then crosses the Atlantic, near the equator,
and is lost in the Caribbean Sea, yet seems to be again
• The heights of these tides are given on the authority
Captain Hewett, R.N.
t On the authority of Captain Beaufort, R.N.
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revived in the current which issues from the gulf of
Mexico, by the straits of Bahama, and flows rapidly
in a north-easterly direction by the bank of New..
foundland, towards the Azores.
We learn from the posthumous work of Rennell on
this subject, that the Lagullas current, so called from
the cape and bank of that name, is formed by the
junction of two streams, flowing froIP. the Indian
Ocean; the one from the channel of Mozambique,.
down the south-east coast of Africa; the other, from
the ocean at large. The collective stream is from
ninety.to one hundred miles in breadth, and runs at
the rate of from two and a half to more than four
miles per hour. It is at length turned westward, by
the Lagullas bank, which rises' from a sea of great,
depth to within one hundred fathoms of the surface.
It must, therefore, be inferred, says Rennell, that the.
current here is more than one hundred fathoms deep,
otherwise the main body of it would pass across the
bank, instead of being deflected eastward, so as to
flow round the Cape of Good Hope. From this cape
it Bows northward, along the western coast of Africa,
taking the 'name of the South Atlantic current.
It then enters the Bight, or Bay of Benin, and is
turned westward, partly by the form of the coast
there, and partly, perhaps, by the Guinea current,
which runs from the no~th into the same great
bay. From the centre of this bay proceeds the
Equatorial current, holding a westerly direction across
the Atlantic, which it traverses, from the coast of
Guinea to that of Brazil, Bowing afterwards by the
shores of Guiana to the West Indies. The breadth of
this current varies from 160 to 450 geographical miles,
and its velocity is from twenty-five to seventy-nine
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miles per daYt the mean rate being about thirty miles.
The length of its whole course is about 4000. miles.
As it skirts the coast of Guinea, it is increased by the
influx of the waters of the Amazon and Orinoco, and
by their junction acquires accelerated velocity. After
passing the island of Trinidad, it expands, and is
almost lost in the Caribbean Sea; but there appears to
be a general movement of that sea towards the Mexican gulf, which discharges the most powerful of all
currents through the straits of Florida, where the
waters run in the northern part with a velocity of five
miles an hour, having a breadth of from thirty-five to
fifty miles.
The temperature of the gulf of Mexico is 86°,
in summer, or 6° higher than that of the ocean,
in the same parallel (25° N.lat.), and a large proportion of this warmth is retained, even where the
stream reaches the 48° N. lat. After issuing from
the straits of Florida, the current runs in a northerly
direction to Cape Hatteras, in North Carolina, about
sSO N. lat., where it is more than seventy miles broad,
and still moves at the rate of seventy-five miles per day.
In about the 40° N. lat., it is turned more towards the
Atlantic by the extensive banks of Nantucket, and St.
George, which are from 200 to 800 feet beneath the
surface of the sea; a clear proof that the current exceeds that depth. On arriving near the Azores, the
stream widens, and overflows, as it were, forming a large
expanse· of warm water in the centre of the North
Atlantic, over a space of 200 or SOO miles from north to
lOuth, and having a temperature of from 8° to 10° Fahr.
above the surrounding ocean. The whole area, covered
by the gulf water, is estimated by Rennell at 2000 miles
in length, and, at a mean, 850 miles in breadth; an area
D 8
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more extensive than that of the Mediterranean. The
warm water has been sometimes known to reach the
Bay of Biscay, still retaining five degrees of temperature above that of the adjoining ocean, and a branch
of the gulf current occasionally drifts fruits, plants,
and wood, the produce of America, and the West
Indies, to the shores of Ireland, and the Hebrides.
The above statements prepare us to understand the
description, given by Rennell, of the principal currents,
which, he says, are oceanic rivers, from fifty to 250
miles in breadth, having a rapidity exceeding that
of the largest navigable rivers of the continents, and so
deep as to be sometimes obstructed, and occasionally
turned aside, by banks which do not rise within forty
or fifty fathoms of the surface of the sea.'*
Greatest Velocity of Ourrents.- The ordinary velocity of the principal currents of the ocean is from one
to three miles per hour; but when the boundary lands
converge, large bodies of water are driven gradually
into a narrower space, and then wanting lateral room
are compelled to raise their level. Whenever this
occurs, their velocity is much increased. The current
which runs -through the Race of Alderney, between
the island of that name and the main land, has a velocity
of above eight B1IfIlUk miles an hour. Captain Hewett
found that, in the Pentland Firth the stream, in ordinary
spring tides, runs ten miles and a half an \lour, and
about thirteen miles during violent storms. The greatest
velocity of the tidal current through the " Shoots," or
New Passage, in the Bristol Channel, is fourteen English miles an hour; and Captain King observed, in
his recent survey of the Straits of Magellan, that the
tide ran at the same rate through the " First Narrows."
• Rennell on Currents, p. 58.
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CatlSU of CUf'f'efIttI. - That movements of no inconsiderable magnitude should be impressed on an expansive ocean, by winds blowing for many months in one
direction, may easily be conceived, when we observe
the effects produced in our own seas by the temporary
action of the same cause. It is well known that a
strong south-west or north·west wind invariably raises
the tides to an unusual height along the east coast of
England and in the Channel; and that a north-west
wind of any continuance causes the Baltic to rise two
fee' and upwards above its ordinary level. Smeaton
ascertained by experiment that, in a canal four miles
in length, the water was kept up four inches higher
at one end than at the other, merely by the action of
the wind along the canal ; and RenneIl informs us that
a large piece of water, ten miles broad, and generally
only three feet deep, has, by a strong wind, bad its
waters driven to one side, and sustained 80 as to become six feet deep, while the windward side was laid

dry.As water, therefore, he observes, when pent up so
that it cannot escape, acquires a higher level, so, in a
place tDlIere it can ucape, the same operation produces
a current; and this current will extend to a greater or
less distance, according to the force by which it is
produced.
Currents flowing alternately in opposite directions
are also occasioned by the rise and fall of the tides.
The effect of this cause is, as before observed, most
striking in estuaries and channels between islands.
A third' cause of oceanic currents is evaporation
by solar heat, of which the great current setting
through the Straits of Gibraltar into the Mediter• B.ennell on the Channel-current.
B
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'ranean is a remarkable example, and will be 'fully
considered in the next chapter. A stream of colder
water also flows trom the Black Sea into the Mediterranean. It must happen in many other parts of the
world that large quantities of water raised from one
tract of the ocean by solar heat, are carried to some
other where the vapour is condensed and falls in the
shape of rain, and this in' flowing back again to restore
equilibrium, will cause sensible currents.
But there is another way in which heat and cold
must occasion currents in the ocean. It is now ascertained that there is no maximum of density in salt
water - no point, as in tresh water, at which an increase of cold causes the fluid to begin again to
expand. Whenever, therefore, the temperature of the
surface is lowered, conden~tion takes place, and the
superficial water, having its specific gravity increased,
falls to the bottom, upon which lighter 'water rises
immediately and occupies its place. When this circulation of ascending and descending currents has gone
on for a certain time in high latitudes, the inferior
parts of the sea are made to consist of colder or heavier
fluid than the corresponding depths of the ocean between the tropics. If there be a tree communication,
if no chain ofsubmarine mountains divide the polar from
the equatorial basins, a horizontal movement will arise by
the flowing of colder water from the poles to the equator, an4 there will then be a reflux of warmer superficial
water from tlui equator to the poles. A well-known ex~
periment has been adduced to elucidate this mode of
action in explanation of the " trade winds." '* If a long
• See Capt. B. Hall's clear Explaoation of the Theory of the
Trade Winds, Fragments of Voyages, second series, vol. i. and hiJl
letter in the Appendix to DanieU's Meteorology.
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trough, divided in the middle by a sluice or partition,
have one end filled with water and the other with
qnicksilver, both fluids will remain quiet 80 long u
they are divided; but when the sluice is drawn up,
the heavier fluid will rush along the bottom of the
trough, while the lighter, being displaced, will rise; and,
flowing in an opposite direction, spread itself at the
top. Hence it appears, that the expansion and con.
traction of sea-water by heat and cold have a tendency to set under-currents in motion Rom the poles to
the equator,and to cause counter-currents at the surface
which are impelled in a direction contrary to that of
the prevailing trade winds. The circumstances being
very complicated, we cannot expect to trace separately
the movements due to each cause, but must be prepared for many anomalies, especially as the configur-.
ation of the bed of the ocean must often modify and
interfere with the course of the inferior currents, as
much as the position and form of continents and
islands are found to alter the direction of those on the
surface.
Each of the four causes above mentioned, the wind,
the tides, evaporation, and expansion of water by·heat,
may be conceived to operate independently of the
others, and although the influence of all the rest were
annihilated. But there is another cause, the rotation
of the earth on its axis, which can only come into play
when the waters have already been set in motion by
some one or all of the forces above described, and only
when the direction of the current so raised happens
to be from soath to north, or Rom north to south.• In an interesting essay in the United Service Journal (nee.
18SS). an attempt is made to introduce the earth's rotation. a
B
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The principle on which this cause operates is probably familiar to .the reader, as it has long been
recognized in the case of the trade winds. Without
enlarging, therefore, on the theory, it will be sufficient
to offer an example of the mode of action alluded to.
When a current flows from the Cape of Good Hope
towards the Gulf of Guinea, it consists of' a mass of
water, which, on doubling the Cape, in lat. 35°, has a
rotatory velocity of about 800 miles an hour; but
when it reaches the line, it arrives at a parallel where
the surface of the earth is whirled round at the rate
of 1000 miles an hour, or about 200 miles faster.- If
this great mass of water was transferred suddenly
from the higher to the lower latitude, the deficiency
of its rotatory motion, relatively to the land and water
with which it would come into juxtaposition would he
such as to cause an apparent motion of the most rapid
kind (of no less than 200 miles an hour) from east
to west.
In the case of such a sudden transfer the eastern
coast of America might be carried round so as' to
strike against a large body of water with tremendous
violence, and a considerable part of the continent might
be submerged. This disturbance does not occur,
because the water of the stream, as it advance, graprimary cause of currents. But the autbor appears to misconceive
the mode in wbicb alone tbis rotation could produce any efFect,
and reasons as if it would in all latitudes cause currents from east
to west. He also seems never to have beard of Mr. Lloyd's levellinp across the Isthmus of Panama, by whicb tbe waters of the
Gulf of Mexico are proved (if there he any difFerence) to he lower
than the mean level of the Pacific, and be also assumes that the
quantity of rain is greatly in excess in high instead of low laUtudes.
• See a table in Capt. Hall's work before cited.
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dually into new zones of the sea which are moving
more rapidly, acquires by friction an accelerated velocity. Yet as this motion is not imparted instantaneously, the fluid is unable to keep up with the full
speed of the new surface over which it is successively
brought. Hence, to borrow the language of Herschel~
when he speaks of the trade winds, "it lags or bangs
back, in a direction opposite to the earth's rotation;
that is, from east to west.," and thus a current which
would have run simply towards the north but for the
rotation, may acquire a relative direction towards the
west, or become a south-easterly current.
We may next consider a case where the circumstances are the converse of the above. The Gulf
stream flowing from about lat. 20°, is at first impressed
with a velocity of rotation of about 940 miles an hour,
and runs to the lat. 40", where the earth revolves only
at the rate of 766 miles, or 174 miies slower. In this
&se a relative motion of an opposite kind may result;
and the current may retain an excess of rotatory
ftlocity, tending continually to deflect it eastward.
Thus it will be seen that currents depend like the
tides on no. temporary or accidental circumstances,
but on the laws which preside over the motions of tl)e
heavenly bodies. But a1thougb the sum of their in.
fluence in altering the surface of tile earth may be
very constant throughout successive epochs, yet the
points where these operations are displayed in fullest
energy shift perpetually. The height to which the
tides rise, and the violence and velocity of currents,
depend in a great measure on the actual configuration
of the land, the contour of a long line of continental or
• Treatise on Astronomy, chap. s.
B
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insular coast, the depth and breadth of channels, the
peculiar form of the bottom of seas - in a word, on
a combination of circumstances which· are made to
vary continually by many igneous and aqueous causes,
and, among the rest, by the tides and currents themselves. Although these agents, therefore, of decay
and reproduction are local in reference to periods of
_ short duration, such as those which history embraces,
they are nevertheless universal, if we extend our views
to a sufficient lapse of ages•
.A.t:titm oftIte Sea on tIte Britis1 Ooasl8. - If we follow
the eastern and southern shores of the British islands,
from our IDtima Thole in Shetland to the Land's End
in Cornwall, we shall find evidence of a series of
changes since the historical era, very illustrative of
the kind and degree of force exerted by tides and
currents, co-operating with the waves of the sea. In
this survey we shall have an opportunity of tracing
their joint power on islands, promontories, bays, and
estuaries; on bold, lofty clifFs, as well as on low shores j
and on every description of rock and soil, from granite
to blown sand.
Sketland Islands. - The northernmost group of the
British islands, the Shetland, are composed of a great
variety of rocks, including granite, gneiss, mica-slate,
serpentine, greenstone, and many others, with some
secondary rocks, chiefly sandstone and conglomerate.
These islands are exposed continually to the uncontrolled violence of the Atlantic, for no land intervenes
between their western shores an4 America. The prevalence, therefore, of strong westerly gales causes the
waves to be sometimes driven with irresistible force
upon the coast, while there is also a current setting
. from the north. The spray of the sea aids the decom-
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position of the rocks. and prepares them to be breached
by the mechanical forc~·ofthe waves. Steep cliffs are
hollo.wed out into deep caves and lofty ar~es; and
almost every promontory ends in a cluster of rocks,
imitating the forms of columns. pinnacles, and obelisks.
Drifting of large Massea of Rock. - Modem observations show that the reduction of continuous tracts to
luch .insular masses is a process in which Nature is
still actively engaged. "The Isle of Stenness," says
Dr. Hibbert, "presents a scene of unequalled desolation. In stormy winters, huge blocks of stones are
overturned or are removed from their native beds, and
hurried up a slight acclivity to a distance almost incredible. In the winter of 1802, a tabular· shaped
mass, eight feet two inches by seven feet, and 6ve
feet one i'nch thick, was dislodged from its bed, and
removed to ci distance of from eighty to ninety feet. I
measured the recent bed from which a block had been
carried away the preceding winter (A. D.1818), and
found it to be seventeen feet and a half by lIeven feet,
and the depth two feet eight inches. The remov~d
mass had been borne to a distance of thirty feet, when
it was shivered into thirteen or more lesser fragments,
some of which were carried still farther, from 30 to
120 feet. A block, nine feet two inches by six feet
and a half, and foul' feet thick, was hurried up the
acclivity to a distance of 150 feet." •
At Northm8Vine, also, angular blocks of stone have
been removed in a similar manner to considerable distances by the waves of the sea, some of which are represented in the annexed 6gure.t
• Descrip. of Shetland Islands, p.527. Edin. 1822.
For this and the three following representations of rocks in
the Shetland Isles, I am indebted to Dr. Hibbert's work before
ci~ w~ch is ~ch in andquariall and geo1"Sica1 reaearch.

t
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Fig. 11.

StonyfragmenJ, drifted by the lea.

Northmauine, SIIe/land.

Effects of Lightning. - In addition to numerous
examples of masses detached and driven by the waves,
tides, and currents trom their place, some remarkable
effects of lightning are recorded in the!!e isles. At
Funzie, in Fetlar, about the middle of the last century,
a rock of mica-schist, 105 feet long, ten feet broad, and
in some places four feet thick, was in an insta~ttorn
by a flash of lightning from its bed, and broken into
three large, and several smaller, fragments. One of
these, twenty-six feet long, ten feet broad, and four
feet thick, was simply turned over. The second, which
was twenty-eight feet long, seventeen broad, and five
feet in thickness, was hurled across a high point to the
distance of fifty yards. Another broken mass, about
forty feet long, was thrown still farther, but in the
same direction, quite into the sea. There were also
many smaller fragments scattered up and down. When we thus see electricity co-operating with the
• Dr. Hibbert, from MSS. of Rev. George Low, of FetIar.
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violent movements of the ocean in heaping up piles of
shattered rocks on dry land, and beneath the waters,
we cannot but admit that a region which shall be the
theatre, for myriads of ages, of the action of such dis.
turbing causes, might present, at some future period,
ifupraised far above the bosom of the deep, a scene of
havoc and ruin that may compare with any now found
by the geologist on the surface of our continents.
In some of the Shetland Isles, as on the west of
Meikle Roe, dikes, or veins of soft granite, have
mouldered away; while the matrix in which they were
inclosed, being of the same substance, but of a firmer
texture, has remained unaltered. Thus, long narrow
ravines, sometimes twenty-feet wide, are laid open, and
often give access to the waves. After describing some
huge cavernous apertures into which the sea flows for
250 feet in Roeness, Dr. Hibbert enumerates other
ravages of the ocean. "A mass of rock, the average
dimensions of which may perhaps be rated at twelve or
thirteen feet square, and four and a half or five in thickness, was first moved from its bed, about fifty years
ago, to a distance of thirty feet, and has since been
twice turned over."
Pauage forced by tke sea through porpkyritic rocks." But the most sublime scene is where a mural pile of
porphyry, escaping the process of disintegration that
is devastating the coast, appears to have been left as a
sort of rampart against the inroads of the ocean; - the
Atlantic, when provoked by wintry gales, batters
against it with all the force of real artillery - the
waves having, in their repeated assaults, forced themselves an entrance. This breach, named the Grind of
the Navir (Fig. 12.), is widened every winter by the
overwhelming surge that, finding a passage through it,
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separates large stones from its sides, and forces them
to a distance of no less than 180 feet. In two or three
spots, the fragments which have helm detached are
brought together in immense heaps, that appear as an
accumulation of cubical masses, the product of some
quarry,"·
It is evident, from this example, that although the
greater indestructibility of some rocks may enable them
to withstand, for a longer time, the action of the
elements, yet they cannot permanently resist. There
are localities in Shetland, in which rocks of almost
every variety of mineral composition are suffering disintegration; thus the sea makes great inroads on the
clay slate of Fitfel Head, on the serpentine of the
• Hibbert, p. 528.

THE SHE'l'LAND ISLANDS.

Ch. VI.]

1.7

Vord Hill in Fe~lar, and on the mica-schist -of the
Bay of Triesta, on the east coast of the same isllPld,
which decomposes into angular blocks. The quartz
rock on the east of Walls, and the gneiss and micaschist of Garthness, suffer the same fate.
Destruction of Islands. - Such devastation cannot
be incessantly committed for thousands of years without dividing islands, until they become at last mere
clusters of rocks, the last shreds of masses once continuous. To this state many appear to have been
reduced, and innumerable fantastic forms are assumed
by rocks adjoining these islands, to which the name of
Drongs is applied, as it is to those of similar shape in
Feroe.
The granitic rocks (Fig. 13.) between Papa Stour
and Hillswick Ness afford an example. A still more
singular cluster of rocks is seen to the south of Hillswick Ness (Fig. 14.), which presents a variety offorms
as viewed trom different points, and has often been
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likened to a small fleet of vessels with spread sails.'"
We may imagine that in the course of time Hillswick
Fig. 14.

Granitic rocb 10 tile IOUlh of HilhuJick Neu, Shelunl/l.

Ness itself may present a similar wreck, from the unequal decomposition of the rocks whereof it is composed, consisting of gneiss and mica-schist, traversed
in all directions by veins of felspar porphyry.
Midway between the groups of Shetland and Orkney
is Fair Island, said to be composed of sandstOne with
high perpendicular cliffs. The current runs with such
velocity, that during a calm, and when there is no
swell, the rocks on its shores are white with the foam
of the sea driven against them. The Orkneys, if
carefully examined, would probably illustrate our present topic as much as the Shetland group. The northeast promontory of Sanda, one of these islands, has
been cut off in modem times by the sea, so that it
became what is now called Start Island, where a light• Hibbert, p. 519.·
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house was erected in 1807, since. which time the new
strait has grown broader.
Base coast of Scotland.--To pass over to the main
land of Scotland, we find that, in Inverness-shire, there
have been inroads of the sea at Fort George, and
others in Murrayshire, which have swept away the old
town of Findhom. On the coast of Kincardineshire,
an illustration was afforded, at the close of the last century, of the effect of promontories in protecting a line
or low-shore. The village of Mathers, two miles south
of Johnshaven, was built on an ancient shingle beach,
protected by a projecting ledge of limestone rock. This
was quarried for lime to such an extent, that the sea
broke through, and in 1795 carried away the whole
village in one night, and penetrated 150 yards inland,
where it has maintained its ground ever since, the new
village having been built farther inland on the new
shore. In the Bay of Montrose, we find the North
Esk and the South Esk rivers pouring annually into
the sea large quantities of sand and pebbles, yet they
have formed no deltas; for the tides scour out the
channels; and. the current, setting across their mouths,
sweeps away all the materials. Considerable beds of
shingle, brought down by the North Esk, are seen
along the beach.
Proceeding southwards, we find that at Arbroath, in
ForCarshire, which stands on a rock of red sandstone,
gardens and houses have been carried away within the
last thirty years by ~ncroachments of the sea. It has
become necessary to remove the lighthouses at the
mouth of the estuary of the Tay, in the same county,
at Button Ness, which were built on a tract of blown
sand, the sea having encroached for three quarters of
a mile.
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Force of Waves and Curnmts in EmuJriu.-Tbe
combined power which waves and currents can exert
in estuaries to considerable depths, was remarkably exhibited during the building of the Bell Rock Lighthouse,
off the mouth of the Tay. The Bell Rock is a sunken
reef, consisting of red sandstone, being trom twelve to
sixteen feet under the surface at high water, and about
twelve miles from the mainland. At the distance of
100 yards, there is a depth, in all directions, of two or
three fathoms at low water. In 1807, during the
erection of the lighthouse, six large blocks of granite,
which had been landed on the reef, were removed by
the force of the sea, and thrown over a rising ledge to
the distance of twelve or fifteen paces; and a~ anchor,
weighing about 22 cwt., was thrown up upon the rock..
Mr. Stevenson informs us, moreover, that drift stones,
measuring upwards of thirty cubic feet, or more than
two tons weight, have, during storms, been often
thrown upon the rock from the ,deep water.t
Suhmarine f0re4U.- Among the proofs that the sea
has encroached both on the estuaries of the Tay and
Forth, may be mentioned the submarine forests which
have been traced for several miles by Dr. Fleming,
along the margins of those estuari('s on the north and
south shores of the county of Fife.:j: The alluvial
tracts, however, on which such forests grow, generally
occupy spaces which may be said to be in dispute
between the river and the sea, and to be alternately
lost and won. Estuariu (a term which we confine to
inlets entered both by rivers and tides of the sea)
• Account of the Erection of the Bell Rock Lighthouse, p. 168.
Ed. Phil. Journ., vol. iii. p.54. 1820.
Quarterly Jounw of Science, &c., No. XIII. New Series,
March, 1890.
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have a tendency to become silted up in parts; but the
same tracts, after remaining dry, perhaps, for thousands
of years, are again liable to be overflowed, for they
are always low, and, ·if inhabited, must generally be
secured by artificial embankments. Meanwhile the
sea devours, as it advances, the high as well as the
low parts of the coast, breaking down, one after
another, the rocky bulwarks which protect the mouths
of estuaries. The changes of territory, therefore,
within the general line of coast are all of a subordinate nature, in no way tending to arrest the march of
the great ocean, nor to avert the destiny eventually
awaiting the whole region: they are like. the petty
wars and conquests of the independent states and
republics of Greece, while the power of Macedon
was steadily pressing on, and preparing to swallow up
the whole.
On the coast of Fife, at 81. Andrew's, a tract of
land wh,ich intervened between the castle of Cardinal
Beaton and the sea, has been entirely swept away, as
were the last remains of the Priory of Crail, in the
same county, in 1803. On both sides of the Frith of
Forth, land has been consumed; at North Berwick in
particular, and at Newhaven, where an arsenal and
dock, built in the reign of James IV., in the fifteenth
century, has been overflowed.
. East ooast of England. - If we now proceed to the
English coast, we find records of numerous lands
having been destroyed in Northumberland, as those
nea~ Bamborough and Holy Island, and at Tynemouth
castle, which now overhangs the sea, although formerly
separated from it by a strip of land. At Hartlepool,
and several other parts of the coast of Durham com-
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posed of magnesiao limestone, the sea has made considerable inroads.
Coast of Yorkshire. - Almost the whole coast of
Yorkshire, from the mouth of the Tees to that of the
Humber, is in a state of gradual dilapidation. That
part of the cliffs which consists of lias, ~e oolite series,
aod chalk, decays slowly. They present abrupt and
naked precipices, often 800 feet in height; and it is
only at a few points that the grassy covering of the
sloping talus marks a temporary relaxation of the
erosive acti'1n of the sea. The chalk cliffs are washed
into caves in the projecting headland of Flamborough,
where they are decomposed by the salt vapours, and
slowly crumble away. But the waste is most rapid
between that promontory and Spurn Point, or the
coast of Holderness,' as it is called, a tract consisting
of beds of clay, gravel, sand, and chalk rubble. The
irregular intermixture of the argillaceous beds causes
.many springs to be thrown out, and this facilitates the
undermining process, the waves beating against them,
and a strong current setting chiefly from the north.
The wasteful action is very conspicuous at Dimlington
Height, the loftiest point in Holderness, where the
beacon stands on a cliff 146 feet above high water, the
whole being composed of clay, with pebbles scattered
through it.In the old maps of Yorkshire, we find spots, now
sand-banks in the sea, marked as the ancient sites of
the towns and villages of Auburn, Hartburn, and
Hyde. "Of Hyde," says Pennant, "only the tradition is. left ; and near the village of Hornsea, a street
• Pbillips's Geology of Yorkshire, p. 61.
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called Hornsea Beck has long since been swallowed....
Owthome and its church have also been in great part
destroyed, and the village of Kilnsea; but these places
are now removed farther inland. The rate of encroachment at Owthome, at present is about four yard8 a
year.t Not unreasonable fears are entertained that
at some future time the Spurn Point will become an
island, and that the ocean, entering into the estuary
of the Humber, will cause great devastation.t Pennant, after speaking of the silting up of some ancient
ports in that estuary, observes, .. But, in return, the
sea has made most ample reprisals; the site, and even
the very names of severa1 places, once towns of note
upon the Humber, are now only recorded in history;
and Ravensper"was at one time a rival to Hull (Madox,
Ant. Exch. i., 422.), and a port so very considerable in
1882, that Edward Baliol and the confederated English Barons sailed from hence to invade Scotland; and
Henry IV., in 1899, made choice of this port to land
at, to effect the deposal of Richard 11.; yet the whole
of this has long since been devoured by the merciless
ocean: extensive sands, dry at low water, are to be
seen in their stead." §
Pennant describes Spurn Head as a promontory in
the form of a sickle, and says the land, for some miles
to the north, was " perpetually preyed on by the fury
of the German Sea. which devours whole acres at a
time, and exposes on the shores considerable quantities
of beautiful amber." 11
• Arctic Zoology, vol. i. p. 10. Introduction.

1" For this infonuation I am indebted to Mr. Pbillips, of York.

*S

Pbillipa'. Geology or Yorkshire, p. 60.
Am. ZooL vol. i. p. IS. Introduction.
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According to Bergmann, a strip of land, with several
villages, was carried away near the mouth of the
Humber in 1475.
Lincolnshire. - The maritime district of Lincoln.
shire consists chiefly of lands that lie below the level
of the sea, being protected by embankments. Great
parts of this fenny tract were, at Ilome unl-nown period,
a woody country, but were afterwards inundated, and
are now again recovel'ed from the sea. Some of the
fens were embanked and drained by the Romans; but
after their departure the sea returned, and large tracts
were covered with beds of silt containing marine
shells, now again converted into productive .lands.
Many dreadful catastrophes are recorded by incursions
of the sea, whereby several parishe~ have been at dif.
ferent times overwhelmed.
Norfolk. - We come next to the cliffs of Norfolk
and Suffolk, where the decay is in general incessant
and rapid. At Hunstanton, on the north, the under.
mining of the lower arenaceous beds at the foot of the
cHfF causes masses of red and white chalk to be pre·
cipitated from above. Between Hunstanton and Wey.
bourne, low hills, or dunes, of blown sand, are formed
along the shore, from fifty to sixty feet high. They
are composed of dry sand, bou~d in a compact mass
by the long creeping roots of the plant called Marram
(Arundo arenaria). Such is the present set of the
tides, that the harbours of Clay, Wells, and other
places, are securely defended by these barriers; afford.
ing a clear proof that it is not the strength of the
material at particular points that determines whether
the sea shall be progressive or stationary, but the
general contour of the coast.
.
The waves constantly undermine the low chalk
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clifFs, covered with sand and clay, between Weybourne
and Sherringham, a certain portion of them being
annually removed. At the latter town I ascertained,
in 1829, some facts which throw light on the rate at
which the sea gains upon the land. [t was computed,
when the present inn was built, in 1805, that it would
require seventy years for the sea to reach the spot:
the mean loss of land being calculated, from previous
observations, to be somewhat less than one yard annually. The distance between the house and the sea
was fifty yards; but no allowance was made for the
slope of the ground beingfrom the sea, in consequence
of which, the waste was naturally accelerated every
year, as the cliff grew lower, tllere being at each succeeding period less matter to remove when portions
of equal area fell down. Between the years I 824 and
1829, no less than seventeen yards were swept away,
and only a small garden was then left between the
building and the sea. There is now a depth of twenty
feet (sufficient to ft.oat a frigate) at one point in the
harbour of that port, where, only forty-eight years
ago, there stood a cliff fifty feet high, with houses
upon it! If once in half a century an equal amount
of change were produced suddenly by the momentary
shock of an earthquake, history would be filled with
records of such wonderful revolutions of the earth's
surface; but, if the conversion of high land into deep
sea be gradual, it excites only local attention. The
flag-staff of the Preventive Service station, on the
south side of this harbour, has, wi~hin the last fifteen
years, been thrice removed inland. in cO.l1sequence of
the advance of the sea.
Farther to the south we find cliffs, composed, like
those of Holdemess before mentioned, of alternating
VOL. 11.
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"strata of blue clay, gravel. loam, and fine sand. Al"though they sometimes exceed 200 feet in height,
the havoc made on the coast is most formidable. The
whole site of ancient Cromer now forms part of the
German Ocean, the inhabitants having gradually retreated inland to their present situation, from whence
the sea still threatens to dislodge them. In the winter
of 1825. a fallen mass was precipitated from near the
lighthouse, which covered twelve acres, extending fur
into the sea, the" cliffs being 250 feet in height.The undermining by springs has sometimes caused
large portions of the upper part of the cliffs, with
houses still standing upon them, to give way, so that
it is impossible, by erecting breakwaters at the base of
the cliffs, permanently to ward off the danger.
On the same coast, the ancient villages of Shipden,
Wimpwell, and Eccles, have disappeared; several
manors and large portions of neighbouring parishes
having, piece after piece, been swallowed up; nor has
there been any intermission, from time immemorial
in the ravages of the sea along a line of coast twenty
miles in length, in which these places stood.t Hills
of blown sand, between Eccles and Winterton, have
barred up and excluded the tide for many hundred
years from the mouths of several sfuall estuaries; but
there are records of nine breaches from 20 to 120
yards wide, having been made through these, by which
immense damage was done to the low grounds in the
interior. A few miles south of Happisburgh, also, are
hills of blown sand, which extend to Yarmouth; and
these are supposed to protect the coast, but in fact
their formation proves that a temporary respite of the
• Taylor's Geology of East Norfolk, p. 82.
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incursions of the sea on this part is permitted by the
present set of the tides and currents. Were it other.
wise, the land, as we have seen, would give way,
though made of solid rock.
Silting up of EBtuaria. - At Yarmouth, the sea has
not advanced upon the sands in the slightest degree
since the reign of Elizabeth. In the time of the
Saxons, a great estuary extended as far as Norwich,
which city is represented, even in the thirteenth and
fourteenth centuries, as "situated on the banks of an
arm of the sea." The sands whereon Yarmouth is built
first became firm and habitable ground about the year
1008, from which time a line of dunes has gradually
increased in height and breadth, stretching across the
whole entrance of the ancient estuary, and obstructing
the ingress of the tides so completely, that they are
only admitted by the narrow passage which the. river
keeps open, and which has gradually shifted several
miles to the south. The ordinary.tidell at the river's
mouth rise, at present, only to the height of three or
four feet, the spring tides to about eight or nine.
Ey the exclusion of the sea, thousands of acres in
the interior have become cultivated lands; and, exclusive of smaller pools, upwards of sixty fresh-water
lakes have been formed, varying in depth from fifteen
to thirty feet, and in extent from one acre to twelve
hundred*. The Yare, and other rivers, frequently
communicate with these sheets of water; and thus
they are liable to be filled up gradually with lacustrine
and fluviatile deposits, and to be converted into land
covered with forests. When the sea at length returns
(for as the whole coast gives way, this must inevitably
happen sooner or later), these tracts will be again sub•. Taylor's Geology of East Norfolk, p. 10.
C 2
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merged, and submarine forests may then be found, as
along the margins of many estuaries.Yarmouth does not project beyond the general line
of coast which has been rounded off by the predominating current from the north-west. It must not be
imagined, therefore, that the acquisition of new land
fit for cultivation in Norfolk and Suffolk indicates any
permanent growth of the eastern limits of our island,
to compensate its reiterated losses. No delta can form
on such a shore.
That great banks should be thrown across the estuaryof the Yare, or any other estuary on our eastern
coast, where there is not a large body of river-water to
maintain an open channel, is perfectly intelligible, when
we bear in mind that the marine current, sweeping
along the coast, is charged with the materials of wasting cliffs, and ready to form a bar anywhere, the instant
its course is interrupted or checked by any opposing
stream. The mouth of the Yare has been, within the
last five centuries, diverted about four miles to the
BOUth ; so it is evident that at some remote period the
river AIde, entered the sea at Aldborough, until its
ancient outlet was barred up and at length transferred
to a point no less than ten miles distant to the southwest. In this case ridges of sand and shingle like
those of LowestofF Ness, which will be described by.
and.by, have been thrown up between the river and
the sea; and an ancient sea-cliff is to be seen, now inland.
It may be asked why the rivers on our east coast
are always deflected southwards, althougb the tidal
current flows alternately from the south and north?
The cause is to be found in the superior force of what
.. For remarks on the origin of Submarine Forests,
Ill. chap. 16.
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is commonly called "the flood tide from the north," a
tidal wave derived from the Atlantic, a small part of
which passes eastward up the English Channel, and
through the Straits of Dover and then northwards,
. while the principal body of water, moving much more
rapidly in a more open sea, first passes the Orkneys,
and then turning flows down between Norway and
Scotland, and sweeps with great velocity along our
eastern coast. It is well known that the highest tides
on this coast are occasioned by a powerful north-west
wind which raises the eastern part of the Atlantic, and
causes it to pour a greater volume of water into the'
German ocean. This circumstance of a violent offsIwre wind being attended with a rise of the waters,
in!ltead of a general retreat of the' sea, naturally excites the wonder of the inhabitants of our coast. In
many districts they look with confidence for a rich
harvest of that valuable manure, the sea-weed, when
the north-westerly gliles prevail,and are rarely disappointed. The phenomenon is so well calculated to
awaken curiosity, that I have heard the cause discussed
by peasants aud fishermen; and more than once they
have hazarded a theory of their own to account for it.
The most ingenious idea which I heard suggested was
this; a vast body of surface water, say they, is repelled
by the wind from the shore, which afterwards returns,
in order to restore the level of the sea; by this means
a s,trong under-current is produced, which tears up the
weed from the bed of the sea, and casts it alShore. The
true explanation, however, of the phenomenon is
doubtless that above mentioned.
.
Coast of Suffolk. - The cliffs of Suffolk, to which
we next proceed, are somewhat less elevated than those
of Norfolk, but composed of similar alternations of clay,
c 3
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ridges have been formed within the observation of persons now living. A rampart of heavy materials is first
thrown up to an unusual altitude by some extraordinary
tide, attended with a violent gale~ Subsequent tides
extend the base of this high bank of shingle, and the
interstices are then filled with sand blown from the
beach. The Arundo and other marine plants by degrees obtain a footing; and creeping along the ridge, •
give solfdity to the mass, and form in some cases a
matted covering of turf. Meanwhile another mound
is forming externally, which by the like process rises
and gives protection to the first. If the sea forces its
way through one of the external and incomplete
mounds, the breach is soon repaired. After a while
the marine plants within the areas inclosed by these
embankments are succeeded by a better species of
herbage, affording good pasturage, and the sands be 7
come sufficiently firm to support buildings.Destruction of Dunwich by tile Sea.- The sea under~ines the high cliffs near Corton, a few miles north of
LowestofF, as also two miles south of the same town,
at Pakefield, a village which has been in part swept
away during the present century. From thence to
Dunwich the destruction is constant. At the distance
of 250 yards from the wasting cliff at Pakefield, where
we must suppose land to have existed at no remote
period, the sea is sixteen feet deep at low water, and
in the roadstead beyond, twenty-four feet. Of the
gradual destruction of Dunwich, once the most censiderable seaport on this coast, we have many authentic
records. Gardner in his history of that borough, pub.
• The formation of the Ness is well described by Mr. R. C.
Taylor, Phi!. Mag. Oct. 1627. p. 297.
C
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lished in 1754, shows, by reference to documents
beginning with Doomsday Book, that the clifFs at
Dunwich, Southwold, Eastern, and Pakefield, have
been always subject to wear away. At Dunwich, in
particular, two tracts of land which had been taxed in
the eleventh century, in the time of King Edward the
Confessor, are mentioned, in the Conqueror's survey,
• made but a few years afterwards, as having been devoured by the sea. The losses, at a subsequent period,
of a monastery,-at another of several churches,afterwards of the old port, - then of four hundred
houses at once,- of the church of St. Leonard, the
high road, town-hall, gaol, and many other buildings,
are mentioned, with the dates when they perished. It
is stated that, in the sixteenth century, not one quarter of the town was left standing; yet the inhabitants
retreating inland, the name was preserved, as has been
the case with many other ports, when their ancient
site has been blotted out. There is, however, a church,
of considerable antiquity, still standing, the last of
twelve mentioned in some records, In 1740, the laying
open of the churchyard of St. Nicholas and St. Francis,
in the sea-cliffs, is well described by Gardner, wit~
the coffins and skeletons exposed to view - some lying
on the beach, and rocked" In cradle of the rude imperiouIJ surge."

or these

cemeteries no remains can now be seen.
Ray also says, " that ancient writings make mention
of a wood a mile and a half to the east of Dunwich, the
site of which must at present be so far within the
sea.... This city. once so ft.ourishing and populous, is
• Consequences of the Deluge, Phys. Theol. Discourses.
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now a small village, with about twenty houses, and one
hundred inhabitants.
There is an old tradition, " that the tailors sat in
their shops at Dunwich, and saw the ships in Yarmouth
Bay:" but when we consider how far the coast at
LowestofF Ness projects between these places, we
cannot give credit to the tale, which, nevertheless,
proves how much the inroads of the sea in times of
old had prompted men of1ively imagination to' indulge
their taste for the marvellous.
Gardner's description of the cemeteries laid open
by the waves reminds us of the scene which has been
10 well depicted by Bewick ., and of which numerous
points on the same coast might have suggested the idea.
On the verge of a clifF, which the sea has undermined,
are represented the unshaken tower and western end
of an abbey. The eastern aisle is gone, and the
pillars of the cloister are soon to follow. The waves
have almost isolated the promontory, and invaded the
cemetery, where they have made sport with the mortal
relics, and thrown up a skull upon the beach. In the
foreground is seen a broken tombstone, erected, as its
legend tells " to perjJetuate the memory of one whose
name is obliterated, as is that of the county for which
he was " Custos Rotulorum." A cormorant is perched
on the monument, defiling it, as if to remind some
moraliser, like Hamlet, of "the base uses" to which
things sacred may be turned. Had this excellent artist
desired to satirise certain popular theories of geology,
he might have inscribed the stone to the memory of
som~ philosopher who taught " the permimency of
• History of British Birds, vol. ii. p. 220. Rd. 1821.
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existing continents" _cc the era of repose" _cc the
impotence of modern causes."
South of Dunwich are two cliffs. called Great and
Little Cat Cliff. That which bears the name of Great
has become the smaller of the two, and is only fift~en
feet high, the more elevated portion of the hill having
been carried away; on the other hand, the Lesser Cat
Cliff has gained in importance, for the sea has here
been cutting deeper into a hill which slopes towards
it. But at no distant period, the ancient names will
agajn become appropriate, for at Great Cliff the base
of another hill will soon be reached. and at Little Cat
Cliff the sea will, at about the same time, arrive at a
valley.
The incursions of the sea at Aldborough were formerly very destructive, and this borough is known to
have been once situated a quarter of a mile east of
the present shore. The inhabitants continued to build
farther inland. till they arrived at the extremity of
their property. and then the town decayed greatly;
but two sand-banks, thrown up at a short distance,
now afford a temporary safeguard to the coast. Between these banks and the present shore, where the
current now flows, the sea is twenty-four feet deep on
the spot where the town formerly stood.
Continuing our survey of the Suffolk coast to the
southward. we find that the cliffs of Bawdsey and
Felixtow are foundering slowly, and that the point on
which Landguard Fort is built suffers gradual decay. It appears that. within the memory of persons now
living, the Orwell river continued its course in a more
direct line to the sea, and entered to the north instead
of the south of the low bank on which the fort last
mentioned is built.
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Bs8t!%.- Harwich, in Essex, stands on an isthmus,
which will probably becQme an island in little more
than half a century; for the s~a will then have made
a breach n,ear Lower Dover Court, should it continue
to advance as rapidly as it has done during the last
fifty years. Within ten years, there was a considerable
space between the battery at Harwich, built twentythree years ago, and the sea; part of the fortification
has already been swept away, and the rest overhangs
the water. Since the year 1807, a field called the
Vicar's Field, which belonged to the living of Harwich,
has been tot~ly annihilated.·
At Walton Naze, in the same county, the cliffs,
composed of London clay, capped by the shelly sands
of the crag, reach the height of about 100 feet, and are
annually undermined by the waves. The old churchyard of Walton has. been washed away, and the cliffs
to the south are constantly disappearing.
Kent.-Isle of Sluppey. - On the coast bounding the
estuary of the Thames, there are numerous examples
both of the gain and loss of land. The Isle of Sheppey,
which is now about six miles long by four in breadth,
is composed of London clay. The cliffs on the north,
which are from sixty to eighty feet high, decay rapidly,
fifty acres having been lost within the last twenty years.
The church at Minster, now near tlle coast, is said to
have been in the middle of the island fifty years ago t ;
and it has been conjectured that, at the present rate
of destruction, the whole isle will be annihilated in
about half a century. On the coast of the mainland
to the east of Sheppey is Heme Bay; a place still
retaining the name of a bay, although it is no longer
• On authority of Dr. Mitchell, F. G. S.
For this information I am indebted to W. Gunnel, E!!CJ.

t
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appropriate, as the waves and currents have swept
away the ancient headlands. There was formerly a
amall promontory in the line of the shoals where the
present pier is built, by which the larger bay was
divided into two, called the Upper and Lower.Stili farther east stands the church of Reculver,
upon a cliff composed of clay and sand, about twenty
feet high. Reculver (Regulvium), was an important
military station in the time of the Romans, and appears,
from Leland's account, to have been, so late as Henry
VIU:s reign, nearly one mile distant from the sea.
In the" Gentleman's Magazine", there is a view of it,
taken in 1781, which still represents a considerable
space as intervening between the north wall oftbe
churchyard and the cliff. t Some time before the

new 0/ Reculver Church, tak,n in the gear 1781.

I. Isle of Sh"ppey.

2. Ancient chapel "now destroyed. The cottage betw ...... n this
chapel and the cli'fr was demolished by the sea, in J 782.
• On the authority of W. RichardsoD, Esq., F. G. S.
t Vol. ii. New series,1809, p. 801.
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year 1780, the waves had reached the site of the
ancient Roman camp, or fortification, the walls of
which had continued for several years after they were
undermined to overhang the sea, being firmly cemented
into one mass. They were eighty yards nearer the
sea than the church, and they are spoken of in the
" Topographica Britannica" in the year 1780, as having recently fallen down.- In 1804, pal't of the
churchyard with some adjoining houses was washed
away, and the ancient church, with its two lofty spires,
a well known land mark, was diemantled and abandoned
as a place of worship. It is still standing (J 834), but

Reculver CIIurch. ill 1834.

• Dr. Mitchell, Proceedings or Geol. Sac. vol. ii. No. 1.
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would probably have been annihilated ere this, had not
the force of the waves been checked by an artificial
causeway of stones and large wooden piles driven into
the sands to break the force of the waves.·
Isle of Tkanet. - The Isle of Thanet was, in the
time of the Romans, separated from the rest of Kent
by a navigable channel through which the Roman
fleets sailed on their way to and from London. Bede
describes this small estuary as being, in the beginning
of the eighth century, three furlongs in breadth; and it
is supposed that it began to grow shallow about the
period of the Norman conquest. It was so far silted
up in the year 1485, that an act was then obtained to
build a bridge across it; and it has since become marsh
land with small streams running through it. On the
coast, Bedlam Farm, belonging to the hospital of that
name, has lost eight acres in the last twenty years,
the land being composed of chalk from forty to fifty
feet above the level of the sea. It has been computed,
that the average waste of the cliff between the North
Foreland and the Reculvers, a distance of about eleven
miles, is not less than two feet per annum. The chalk
cliffs on the south of Thanet, between Ramsgate and
Pegwell Bay, have on an average lost three feet per
annum for the ten last years (preceding 1830).
Goodwin Sands.- The Goodwin Sands lie opposite
this part of the Kentish coast. They are about ten
miles in length, and are in some parts three, and in
others seven miles distant from the shore; and, for a
certain space, are laid bare at low water. That they
are a remnant of land, and not "a mere accumulation
of sea sand," as Rennell imaginedt, may be presumed
• Dr. Mitchell, Proceedings of Geol. Soc. vol. ii. No. 1.

t Geog. of H~rod. vol. ii. p. :326.
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from the fact that, when the erection of a lighthQuse
on' this shoal was in contemplation by the Trinity
Board in the year 1817, it was found, by borings, that
the bank consisted of fifteen feet ofsand, resting on blue
clay. An obscure tradition has come down to us, that
the estates of Earl Goodwin, the father of Harold, who
died in the year 1053, were situated here, and some
have conjectured that they were overwhelmed by the
600d mentioned in the Saxon chronicle, sub anno 1099.
The last remains ot' an island, consisting, like Sheppey,
of clay, may perhaps, have been carried away about
that time.
There are other records of waste in the county of
Kent, as at Deal; and at Dover, where Shakspeare's
cliff, composed entirely of chalk, has suffered greatly,
and continually diminishes in height, the slope of the
hill being towards the land. About the year 1810
there was an immense land-slip from this cliff, by
which Dover was shaken as if by an earthquake, and
a: still greater one in 1772.'*
Straits of Dover. - In proceeding from the northern
parts of the German Ocean towards the Straits of
Dover, the water becomes gradually more shallow, so
that in the distance of about two hundred leagues we
pass from a depth of 120, to that of 58, 38, 24, and 18
fathoms. In the same manner the English Channel
deepens progressively from Dover to its entrance,
formed by the Land's End of England, and the Isle
of Ushant on the Coast of France; so that the strait
'between Dover and Calais may be said to part two
seas.t
• Dodsley's Ann. Regist. 1772.
t Stevenson on the Bed of the German Ocean. - Eel. Phil.
Journ., No. v. p. 45.
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Whether England was formerly united with France
has often been a favourite subject of speculation; and
in 1753 a society at Amiens proposed this as 9 subject
of a prize essay, which was gained by the celebrated
Desmarest, then a young man He founded his principal arguments on the identity of composition of the
cliffs on the opposite sides of the channel, on a suhmarine chain extending ftoom Boulogne to Folkestone,
only fourteen feet under low water, and on the identity
of the noxious animals in England and PIoance, which
could not .have swum acr08S the St.oaits, and would
never have been introduced by mano He also attri.
buted the rupture of the isthmus to the preponderating
violence of the current from the north.-It will
hardly be disputed that the ocean might have effected
a breach through the land which, in all probability
once united this country to the Continent in the same
manner as it now gradually forces a passage through
rocks of the same mineral 'composition, and often many
hundred feet high, upon the coast.
Although the time required for. such an operation
was probably very great, yet we cannot estimate it by
reference to the present rate of waste on both sides
of the Channel; for when, in the thirteenth century
the sea burst through the isthmus of Staveren, which
formerly united Friesland with North Holland, it
opened, in· about one hundred years, a strait more
than half as wide as that which divides England from
France, after which the dimensions of the new channel
remained almost stationa.oyo The greatest depth of
the straits between Dover and Calais is twenty-nine
fathoms, which exceeds only by one fathom the
• Cuvier, Eloge de Desmar..t.
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greatest depth of the Mississippi at New Orleans. If
the moving column of water in the great American
river, which, as was before mentioned, does not flow
rapidly, can maintain an open passage to that depth in
its alluvial accumulations, still more might a channel
of the same magnitude be excavated by the resistless
force of the tides and currents of et the ocean stream,"
7l'OTflCP.OIO P.eyfIC

(TOel/o,

.o.X!flCI/OIO.

In.framing these speculations, however, we must not
overlook the great effects which particular combinations of causes might produce without violence. The
chalk supposed in this instance'to have been removed,
was of itself a marine deposit, and must at some
period have emerged from the deep. It may have
been upraised gradually, as the coast of Sweden, with
the bed of the adjacent ocean and Baltic sea, are now
rising-; or there may have been oscillations of level in
the lands once connecting France and England; In
that case, and especially if the movements were slow,
a great amount of excavation may have been produced by a comparatively feeble power exerted by
waves and currents cutting through successiye portions
of the chalk as it emerged. And here I may mention,
that strata of chalky rubble and sand found at the
base of the cliffs near Dover and, Brighton, seem to
indicate some changes in the relative level of sea and
land since our coasts acquired a considerable part of
their actual height and contour.t
.
At Folkestone, the sea undermines the chalk and
subjacent strata. About the year 1716 there was a
remarkable sinking of a track of land near the sea, 80
that houses became visible at points near the shore
• See Book ii. cbap. 17.

t See Book iv. cbap. 22.
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from whence they could not be seen previously. In
the description of this subsidence in the Philosophical
Transactions, it is said, "that the land consisted of a
solid stony mass (chalk), resting on wet clay (gault >,
so that it slid forwards towards the sea, just as a ship
is launched on talIowed planks." It is also stated that,
within the memory of persons then living, the cliff
there had been washed away to the extent of ten
rods.*
Encroachments of the sea at Hythe are also on
record; but between this point and Rye there has
been a gain of land within the times of history; the
rich level tract called Romney Marsh, or DWlgeness,
about ten miles in width and five in breadth, and
formed of silt, having received great accession. It has
been neCessary, however, to protect it from the sea,
from the earliest periods, by a wall. These additions
of land ar~ exactly opposite that part of the English
Channel where the conflicting tide-waves from the
north and south meet; for, as that from the north is,
for reasons already explained, the most powerful, they
do not neutralize each other's force till they arrive at
this distance from the straits of Dover. Rye, on the
south of this tract, was once destroyed by the sea, but
it is now two miles distant from it. The neighbouring
town of Winchelsea was destroyed in the reign of
Edward I., the mouth of the Rother stopped up, and
the river· diverted into another channel. In its old bed
an ancient vessel, apparently a Dutch merchantman,
was recently found. It was built entirely of oak. and
much blackened.t
• Phil. Trans., 1716.
Edin. Joum. of Sri., No. xix. p. 56.

t
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South Ooast of England.- To pass over some points
near Hastings, where the cliffs have wasted at several
periods, we arrive at the promontory of Beachy Head.
Here a mass of chalk, three hundred feet in length,
and from seventy to eighty in breadth, fell, in the
year 1813, with a tremendous crash; and similar slips
have since been frequent."
S'USse:J:. Abo~t a mile to the west of the town of
Newhaven the remains of an ancient entrenchment
are seen, on the brow of Castle Hill. This earth-work,
supposed to be Roman, was evidently once of considerable extent and of an oval form, but the greater
part has been cut away. The cliffs, which are undermined here, are high; more than one hundred feet of
chalk being covered by tertiary clay and sand, from
sixty to seventy feet in thickness. In a few centuries
the last vestiges of the plastic clay formation on the
southern borders of the chalk of the South Downs on
this coast will be annihilated, and future geologists
will learn, from historical documents, the ancient
geographical boundaries of this group of strata in that
direction. On the opposite side of the estuary of the
Ouse, on the east of Newhaven harbour, a bed of
shingle, composed of chalk flints, derived from the
waste of the adjoining cliffs, had accumulated at Sea- .
ford for several centuries. In the great storm of November, 1824, this bank was entirely swept away, and
the town of Seaford inundated. Another great beach
of shingle is now forming from fresh materials.
The whole coast of Sussex has been .incessantly
encroached upon by the sea from time immemorial;
and, although sudden inundations only, wbich over• WebsteI', Geol. Trans., vol. ii. p. )92.
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whelmed fertile or inhabited tracts are noticed in history, the records attest an extraordinary amount of
loss. During a period of no more than eighty years,
there are notices of about twenty inroads, in which
tracts of land of from twenty to four kundred acres in
extent were overwhelmed at once; the value of the
tithes being mentioned by Nichola" in his Taxatio
Ecclesiastica.* In the reign of Elizabeth, the town
of Brighton was situated on that tract where the chain
pier now extends into the sea. In the year 1665,
twenty-two tenements had been destroyed under the
cliff. At that period there stiJI remained under the
cliff 118 'tenements, the whole ofwhieh were overwhelmed in 1708 and 1705., No traces of the ancient
town are now perceptible, yet· there is evidence that
the sea has merely resumed its ancient position at the
base of the cliffs, thesit'e of the old town having been
merely a beach abandoned by the ocean for ages.
Hampshire - Isle of Wight.-It would be endless
to allude to all the localities on the Sussex: and
Hampshire coasts where· the land has given way;
but I may point out the relation which the geological
structure of the Isle of Wight bears to its present
shape, as attesting that .the cesst owes its outline
'to the continued action of the sea. Through the
middle of the island nlDs'a high ridge of chalk strata,
in a vertical position, and in 'a direction east and west.
This,chalk forms the projecting promontory ofCulver
Cliff on the east, and of the Needles on the west;
while, Sandown Bay on the one side, and Compton
Bay on the other, ,have been hollowed out of the
softer sands and argillaceous strata, which are inferior
to the chalk.
tI

Mantell, Geology of Sussex, p. 293.
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The same phenomena are repeated in the Isle of
Purbeck, where the line of vertical chalk forms the
projecting promontory of HandfastPoint; and Swanage
Bay marks the deep excavation made by the waves in
the softer strata, corresponding to those of Sandown
Bay.
Hurst- Oastle Ba'IIA. - The entrance of the channel
called the Solent is becoming broader by the waste of
the cliffs in Colwell Bay; it is crossed for more than
two thirds of its width by the shingle bank of Hurst
Castle, which is about seventy yards broad and twelve
feei high, presenting an inclined plane to the west.
This singular bar consists of a bed of rounded chalk
flints, resting on a submarine argillaceous base. The
flints and a few other pebbles, intermixed, are exclusively derived from the waste of HordweIJ, and other
cliffs to the westward, where tertiary strata, capped
with a covering of chalk flints, from five to fifty feet
thick, are rapidly undermined.
Storm of N01J. 1824.- In the great storm of November, 1824, this bank of shingle was moved bodily
forwards for forty yards towards the north-east; and
certain piles which served to mark the boundaries of
two manors were found, after the storm, on the opposite side of the bar. At the same time many acres of
pasture land were covered by shingle, on the farm of
Westover, near Lymington.
The cliffs between Hurst Shingle Bar and the mouth
of the Stour and Avon are undermined continually.
Within the memory of persons npw living, it has been
necessary thrice to remove the coast-road farther
inland. The tradition, therefore, is probably true, that
the church of Hordwell was once in the middle of that
parish, although now very near the sea. The pro-
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mo~tory of Christ Church Head gives way slowly.
It is the only point between Lymington and Poole
Harbour, in Dorsetsbire, where any hard stony masses
occur in the cliffs. Five layers of large ferruginous
concretions, somewhat like the septaria of the London
clay, have occasioned a resistance at this point, to
which we may ascribe this headland. In the mean
time, the waves have cut deeply into the soft sands
and loam of Poole .Bay; and, after severe frosts, great
land-slips take place, which, by degrees, become enlarged into narrow ravines, or chines, as they are
called, with vertical sides. One of these chines near
Boscomb, has been deepened twenty feet within a few
years. At the head of each there is a spring, the
waters of which have been chiefly instrumental in
producing these narrow excavations, which are sometimes from 100 to 150 feet deep.
Isle qf Portland. - The peninsulas of Purbeck and
Portland are continually wasting away. In the latter,
the soft argillaceous substratum (Kimmeridge clay)
hastens the dilapidation of the superincumbent mass
of limestone.
In 1665 the cliffs adjoining the principal quarries in
Portland gave way to the extent of one hundred yards,
and fell into the sea; and in December, 1784, a slide
to the extent of ] 50 yards occurred on the east side
of the isle, by which several skeletons, buried between
slabs of stone, were discovered. But a much more
-memorable occurrence of this nature, in 1792, occasioned probably by the undermining of the cliffs, is
thus described in Hutchins's History of Dorsetshire:" Early in the morning the road was observed to crack:
this continued increasing, and before two o'clock the
ground had sunk several feet, and was in one con-
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tinued motion, but atte~ded with no other noise than
what was occasioned by the separation of the roots
and brambles, and now and then a falling rock. At
night it seemed to stop a little, but soon moved again;
and before morning, the ground, from the top of the
cliff to the water-side, had sunk in some places fifty
feet perpendicular. The extent of ground that moved
was about a mile and a quarter from north to south,
and six hundred yards from east to west."
Formation of tAe Ckesil BanA. - Portland is connected with the main land by the Chesil Bank, a ridge
of shingle about seventeen miles in length, and, in
most places, nearly a quarter of a mile in breadth.
The pebbles forming this immense barrier are chiefly
of limestone; but there are many of quartz, jasper,
chert, and other substances, all loosely thrown together. What is singular, they gradually diminish in
size, from west to east - from the Portland end of
the bank to that which attaches to the main land.
The formation of this bar may probably be ascribed,
like that of Hurst Castle, to a meeting of tides, or
to a great eddy between the peninsula and the land.
'Ve have seen that slight obstructions in the course of
the Ganges will cause, in the course of a man's life,
slands many times larger than the whole of Portland,
and which, in some cases, consist of a column of earth
more than one hundred feet deep. In like manner we
may expect the slightest impediment in the course of
that tidal wave, which is sweeping away annually large
tracts of our coast, to give rise to banks of sand and
shingle many miles in length, if the transported materials be intercepted in their way to those submarine
receptacles whither they are borne by the current.
The gradual diminution in tlle size of the gravel as
we proceed eastward might probably admit of ex~~
0'9;'"ed by
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if the velocity of the tide or eddy at different
points was ascertained; the rolled masses thrown up
being largest where the motion of the water is most
violent, or where they are deposited at the least distance from the rocks from which they were detached.
'rhe storm of 1824 burst over this bar with great fury,
and the village of Chesilton, built upon the southern
extremity of the bank, was overwhelmed, with many
of the inhabitants. The fundamental rocks whereon
the shingle rests are found at the depth of a few yards
only below the level of the sea.
This same storm carried away part of the Breakwater, at Plymouth, and huge masses of rock from two
to five tons in weight, were lifted from the bottom of
the weather side, and rolled fairly to the top of the
pile. One block of limestone, weighing seven tons,
was washed round the western extremity of the Breakwater, and carried 150 feet.'" It was in the same
month, and also during a spring-tide, that a great
flood is mentioned on the coasts of England, in the
year 1099. Florence of Worcester says, "On the third
day of the nones of Nov. 1099, the sea came out upon
the shore, and buried towns and men very many, and
oxen and sheep innumerable." We also read in the
Saxon Chronicle, already cited for the year 1099,
"This year eke on St. Martin's mass day, the 11th of
Novembre, sprung up so much of the sea flood, and
so myckle harm did, as no man minded that it ever
afore did, and there was the ylk day a new moon:'
Dorsetskire - Devonskire - Cornwall. - At Lyme
Regis, in Dorsetshire, the "Church Cliffs," as they
are called, consisting of lias about one hundred feet in
height, have gradually fallen away, at the rate of one
• De la Becbe. Geol. Man. p. 82.
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yard a year, since 1800.- The cliffs of Devonshire
and Cornwall, which are chiefly composed of hard
rocks, decay less rapidly. Near Penzance in Cornwall,
there is a projecting tongue of land, called the" Green,"
formed of granitic sand, from which more than thirty
acres of pasture land have been gradually swept away
in the course of the last two or three centuries.t It
is alsO said that St. Michael's Mount, now an insular
rock, was formerly situated in a wood several miles
from the sea; and its old Cornish name (Caraclowse
in Cowse) signifies, according to Carew, the Hoare
Rock in the Wood.:j: Between the Mount and NewIyn there is seen under the sand black vegetable
mould, full of hazel nuts, and the branches, leaves,
roots, and trunks of forest trees, all of indigenous species. This vegetable stratum has been traced seaward
as far as the ebb permits, and seems to indicate some
ancient estuary on that shore.
Tradition of Iou of land in Oornwall. - The oldest
historians mention a celebrated tradition in Cornwall,
of the submersion of the Lionnesse, a country which
formerly stretched from the Land's End to the Scilly
Islands. The tract, if it existed, must have been
thirty miles in length, and perhaps ten in breadth.
The land now remaining on either side is from two
hundred to three hundred fee·t high; the intervening
sea about three hundred feet deep. Although there is
DO evidence for this romantic tale, it probably origin• This grouDd was measured by Dr. Carpenter of Lyme, in
1800, and again in 1829, as I am infonned by Miss Mary Anniog
of Lyme, well known by her discoveries in fossil remains.
t Boase, Trans. Royal Geol. Soc. of Cornwall, 'Vol. ii. p. UI9.·
t Ibid. p. 1SS.
VOL. 11.
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ated in some catastrophe occasioned by former inroad.
of the Atlantic upon this exposed coast.West coast of England.- Having now brought together an ample body of proofs of the destructive
operations of the waves, tides, and currents, on our
eastern and southern shores it will be unnecessary to
enter into details of changes on the western coast, for
they present merely a repetition of the same phenomena, and in general on an inferior scale. On the
borders of the estuary of the Severn the Bats of
Somersetshire and Gloucestershire have received
enormous accessions, while, on the other hand, submarine forests on the coast of Cheshire and Lancashire
indicate the overflowing of alluvial tracts. Since the
year 1764.-, the coast of Cheshire between the rivers
Mersey and Dee has lost many hundred yards, and
some affirm more than half a mile, by the advance of
the sea upon abrupt clilFs of red clay and marls.
Within the period above mentioned several light-houses
bave been successively abandoned.t There are traditions in Pembrokeshiret and Cardiganshire § of far
greater losses of territory than that which the Lionnesse tale of Cornwall pretends to commemorate.
They are all important, as demonstrating that the.
earliest inhabitants were familiar with the phenomeoo&
of iocursioos of theses.
Loss of land on eM coaat of France.-The. French
coast, partiCUlarly that of Brittany, where the tides
rise to an extraordinary height, is the coostant prey of
• Boase, Trans. Royal Geol. Soc. of Comwall, vol. ii. p:lSO.
t Stevenson, Jamcson's Eel. new Pbil. JOllm. No. 8. p. 886.
t Camden, wbo cites Gyraldus, also Ray, Cl On the Deluge,"
Phys. Tbeol. p. 228.
§ Meyrick's Cardigan.
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the waves. In the ninth century many villages and
woods are reported to have been carried away, the
coast undergoing great change whereby the hill of St.
Michael was detached from the mainland. The
pariah of Bourgneuf, and several others in that qeighbourhood, were overflowed in the year 1500. In 1785,
during a great storm, the ruins of Palnel were seen
uncovered in the sea.- A romantic tradition, moreover, has desce~ded from the fabulous ages of the destruction of the south-western part of Brittany, whence
we may probably infer some great inroad of the sea
at a remote periocLt
• HofF, Geschichte, &c. vol. i. po 49.

t Ibid. p. 48.
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CHAPTER VII.
A.CTION OF TIDES A.ND CtTBRENTB -

continued.

Action of tides and currents, continued - Inroads or the sea upon
the delta of the Rhine in Holland-changes in the arms or the
Rhine- Estuary of the Bies Bosch, formed in 1421 - Zuyder
Zee, in the 19th century - Islands destroyed - Delta of the
Ems converted into a bay - Estuary of the Dollart formed
(p. 58,)-Encroachment of the BeR on the coast of Sleswick_
On shores of North America- Tidal wave, called the BoreInlluence of tides and currents on the mean level of sealAction of currents in inland lakes and seas- Baltic- Cimbrian
deluge (p. 65.) - Straits of Gibraltar- No under-current
there - Whether salt is precipitated in the MediterraneanWaste of shores of Mediterranean.

Inroads of eke sea at eke moutits of eke Rkine. - THE
line of British coast considered in the preceding
chapter offered no example of the conflict of two
great antagonist forces; the entrance, on the one
hand, of a river draining a large continent, and on the
other, the flux and reflux of the tide, aided by a strong
current. But when we pass over by the Straits of
Dover to the Continent, and proceed northwards, w~
find an admirable illustration of such a contest, where
the Rhine and the ocean are opposed to each other,
each disputing the ground now occupied by Holland;
the one striving to shape out an estuary, the other to
form a delta. There was evidently a period when the
river obtained the ascendency, when the shape of the
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coast and set of the tides were probably very different;
but for the last two thousand years, during which man
has witnessed and actively participated in the struggle,
the result has been in favour of the ocean; the area of
the whole territory having become more and more
circumllcribed; natural and artificial barriers having
given way, one after another; and many hundred
thousand human beings having perished in the waves.
Cllangu in tke arms of eke Rkine. - The Rhine,
after flowing from the Grison Alps, copiously charged
with sediment, first purifies itself in the Lake of Constance, where a large delta is formed; then, swelled
by the Aar and numerous other tributaries, it flows
for more than six hundred miles towards the north:
when, entering a low tract, it divides into two arms,
north of Cleves, a little below the viliage of Pannerden
- a point which must therefore be considered the head
of its delta. In speaking of the delta I do not mean to
assume that all that part of Holland which is comprised within the several arms of the" Rhine can be
called a delta in the strictest sense of the term; because some portion of the country thus circumscribed,
as, for example, a part of Gelderlandand Utrecht,
consists of strata which may have been deposited in
the sea before the Rhine existed. These" older tracts
may either have been raised like the Ullah Bund in
Cutch, during the period when the sediment of the
Rhine was converting a part of the sea into land, or
they may have constituted islands previously.
When the river divides north of Cleves, the left arm
takes the name of the Waal; and the right, retaining
that of the Rhine, is connected, a little farther to the
north, by an artificial canal with the river Yssel. Still
lower down, the Rhine takes the name of the Leck, a
D
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name which WII,9 given to distinguish it from another
arm called the old Rhine, no.w sanded up, which passed
by Utrecht and Leyden, to the sea at Catwyck. It is
common, in all great deltas, that the principal channels
of discharge should shift from time to time; but in Hol]and so many magnificent canals have been COIlStru,cteti,
and have so diverted, from time to time, the course of
the waters, that the geographical changes in this delta
are endless, and their history, since the Roman era,
forms a complicated topic of antiquarian research. The
present head of the delta is about forty geographical
miles from the nearest part of the gulf called the Zuyder Zee, and more than twice that distance from the
general coast-line. The present head of the delta of
the Nile is about' eighty or ninety geographical miles
from the sea; that of the Ganges, as we before stated,
two hundred and twenty; and that of the Mississippi
about one hundred and eighty, reckoning from the
point where the Atchafalaya branches off, to the extremity of the new tongue of land in the Gulf of
Mexico. But the comparative distance between the
heads of deltas and the sea affords scarcely any data
for estimating the relative magnitude of the alluvial
tracts formed by their respective rivers. Fo.r the
ramifications depend on many varying and temporary
circumstances, and the area over which they extend
does not hold any constant proportion to tbe volume of
water in the river.
The Rhine therefo.re has at present three mouths.
About two-thirds of its waters Bow to the sea by the
Waal, and the remainder is carried partly to the Zuyder Zee by the Yssel, and partly to the ocean by the
Leek. As the whole coast to the south, as tar aa
O&tend, and on the north, to the entrance of the Baltic
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.has, with few exceptions, from time immemorial,
yielded to the force of the waves, it is evident that
the delta of the Rhine, if it had advanced, would have
.become extremely prominent; and even if it had remained stationary, would loag ere this have projected
far beyond the rounded outline of the coast, like that
atrip of land already described, at the mouth of the
.Mississippi. But we find, on the contrary, that the
islands which skirt the coast have DOt only lessened in
size, but in number also, while great bays have been
formed in the interior by incursions of the sea. I shall
eonfine myself to the enumeration of some of the lead.
ing facts, in confirmation of these views, and begin
with the southern most part of the delta, where the
Waal enters, which is at present united with the
Meuse, in the same manner as an arm of the Po,
before mentioned, has become confiuent with the
Aclige. The Meuse itself had once a common embouchure with the Scheldt, by Sluys and Ostburg, but
this channel was afterwards sanded up, as were many
others between Walcheren, Beveland, and other islancU,
at the mouths of these rivers. The new accessions
were almost all within the coast line, and were far
more than counterbalanced by inroads of the sea,
whereby large tracts of land, and dunes of blown sand,
together with towns and villages, were swept away
between the. fourteenth and eighteenth centuries.
Besides parts of Walcheren, Beveland, and several
populous districts in Kadzand, the island Oriaant was
in the yesr 1658 entirely annihilated.
Inf'fJO.fl& of tk sea in Holland. - One of the most
memorable irruptions occurred in 1421, where the
tide, pouring into the mouth of the united Meuse and
Waal, burst through a :~ in the district n
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.Bergse-Veld, and overflowed seventy-two villages,
.forming a large sheet of water called the Bies Bosch.
,Thirty-five of the villages were irretrievably lost, and
no vestige, even of their ruins, was afterwards seen.
The rest were redeemed, and the site of the others,
,though still very generally represented on maps as an
.estuary, has in fact been gradually filled up by alluvial
,deposits, and is now, as I am informed by Professor
Moll, an immense plain, yielding abundant crops of
bay, though still wiinhabited. To the north of the
Meuse is a long line of shore covered with sand dunes,
where great encroachments have taken place from
time to time, in consequence chiefly of the prevalence
of south-easterly winds which. blow down the sands
towards the sea. The church of Scheveningen, not
far from the Hague, was once in the middle of the
village, and now stands on the shore; half the place
having been overwhelmed by the waves in 1570.
Catwyck, once far from the sea, is now upon the
shore; two of its streets having been overflowed, and
land tom away to the extent of two hundred yards in
1719. It is only by aid of embankments, that Petten,
and several other places farther north, have been defended against the sea.
P01'1III1Iion of tile Zuyder Zee and Straits of Staveren.
- Still more important are the changes which have
taken place on the coast opposite the right arm of the
Rhine, or the Yssel, where the ocean has burst through a
large isthmus, and entered the inland lake Flevo, which,
in ancient times, was, according to Pomponius Mela,
formed by the overflowing of the Rhine over certain
low lands. It appears that, in the time of Tacitus,
there were several lakes in the present site of the
Zuyder Zee, between Friesland and Holland. The
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successive inroads by which these, and a great part
of the adjoining territory, were transformed into a
great· gulf, began about the commencement, and were
completed towards the close of the thirteenth century. AIting gives the following relation of the
occurrence, drawn from manuscript documents of
contemporary inhabitants of the neighbouring provinces. In the year 1205, the island now called
Wieringen, to the south of the TexeI, was still a
part of the mainland, but during several high floods,
of which the dates are given, ending in December,
1251, it was separated from the continent. By subsequent incursions, the sea consumed great parts of
the rich and populous isthmus, a low tract which
stretched on the north of Lake Flevo, between Staveren
in Friesland, and MedembIick in Holland, till at length
a breach :was completed about the year 1282, and
afterwards widened. Great destruction ;of land took
place when the sea first broke in, and many towns
were swept away; but there was afterwards a reaction
to a certain extent, large tracts at first submerged
having been gradually redeemed. The new straits
BOuth of Staveren are more than half the width of
those of Dover, but are very shallow, the greatest
depth not exceeding two or three fathoms. The new
bay is of a somewhat circular form, and between tAirty
andfortg miles in diameter. How much of this space
may formerly have been occupied by Lake Flevo, is
unknoWn.
Destnu:tion of I,ltmth. - A series of islands stretching from the Texel to the mouths of the Weser and
Elbe, are evidently the last relics of a tract once continuous. They have greatJy diminished in size, and
have 10Bt about a third of their number since the time
D 5
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of Pliny; for tha~ oaturalia. ~()un'ed twerlty-three
islaads betw8eo. the'Tsel and Eider, wb~real tile..
are now only ~teen, iaclQCting HeJigolarul and Ne'J.werlL- Heligoland, at the ..~tb of the Elbe, hegaa
in the year 800 to be much consumed by the waY-ea.
In the yeal'l 1800, 1500, and 1649, otaer partl were
_swept away, till at last only a ro.ck of red mu} (of the
keuper formation of the Germans), about 200 feet
high, and some low ground remained. Since 177.0, a
current has cut a passage no less than ten fathom$
deep through this remaining portion, and has formed
two islands. Heligoland and Sandy Island. The fact
of the new channel bemg laid down in all the cQrta
as sixty feet deep is important, as showing tbe excavating power of JIluine currents under fayourable
circumstaDces. On the other hand some few islanda
have extended their bounds in onedil'ection, or become
connected with others, by the sanding-up of channels;
but even tliese, like Juist'- have generally given way
as much on the north towards the sea as they bave
gained on the llOuth, or land side.
TIIs DoUartf01"1lU1d....,. While tile delta of the Rhine
has suffered so materially from the movements 01 the
ocean, it can hardly be supposed that minor riven OD
the same coast should have been permitted to. extend
their deltas. It appears, that in the time of the Ita.
mans there was an alluvial plain of great fertility.
where the Ems entered the sea by three arms. This
low country stretched between Groningen and East
Friesland, and sent out a peninsula to the nortlt-eaat
towards Emden. A flood, in 1277, first destroyed pert
of the peninaula. Other inundations followed at <lifFer..
t! Holf, yol. i. p. 964.

t Id. p. 67.
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ent periods throughout the fifteenth century. In 1607,
a part only of Torum, a considerable town, remained
atandiog; and in spite of the erection of dams, the
remainder of that place, together with market-towns,
Yillages, and monasteries, to the number offifty, were
finally overwhelmed. The new gulf, which was called
the Dollart, although small in comparison to the
Zuyder Zee, occupied no less than six square miles at
first; but part of this space was, iD- the course of the
two following centuries, again redeemed from the sea.
The small bay of Leybucht, farther north, was formed
in a similar manner in the thirteenth century; and the
bay of Harlbueht, in the middle of the sixteenth. Both
of these have since been partially reconverted into
dry land. Another new estuary, called the Gulf of
Jahde, near the mouth of the Weser, scarcely inferior
in size to the Dollart, has been gradually bellowed
out since the year 10]6, between which era and 1651
a space of about four square miles has been added to
the sea. The rivulet which now enters this inlet is
very small; but Arens conjectures, that an arm of the
Weser had once an outlet in that direction.
Coa#~ SleMoick. - Farther 1I0rth we find so DlflBY
records of waste on the western roast of Sleswick, as
to lead us to anticipate, that, at no distant period in
the history of 'he physieal geography of Europe,
Jutland may become an island, and the ocean may
.obtain a more direct entrance into the Baltic. &,
late as 1825 the sea made a breach and entered the
Lym-Fiord, 80 that the ll()IP,hem extremity of Jutland
was converted for a time into· _ island; but the pasage is now closed again.'*
• Malte-Brun, Tol. Tiii. part ii. p. 67',
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~ .of Nortlutrtmd bg tile sea. -'North~
slrend, Up to the year 12400, was, with the islands
Sylt and Fohr, so nearly connected with the mainland
as to appear a peninsula, and was called North Friesland, a highly cultivated and populous district. It
measured from nine to eleven geographical miles from
north to south, and six to eight from east to west. In
the above-mentioned year it was' torn asunder from
the continent, and in part overwhelmed•. The Isle of
Northstrand, thus formed, was, towards the end of
the sixteenth century, only four geographical miles in
circumference, and was still celebrated for its cultivation· and numerous population. ;\fter many losses,
it still contained nine thousand inhabitants. At last,
in the year 1634, on the evening of the 11th of
October, a flood passed over the whole island, whereby
] 300 houses, with many churches, were lost; fifty
thousand head of cattle perished, and above six thollsand men. Three small islets, one of them still called
Northstrand, alone remained, which are now continually wasting.
Inroads. of tile sea on tAe eastern shores of NortA
berica.- After so many authentic details respecting
the destruction of the coast in parts of Europe best
known, it will be unnecessary to multiply examples of
analogous changes in more distant regions of the
world. It must not, however, be imagined that our
own seas form any exception to the general rule.
Thus, for example, if we pass over to the eastern
coast of North America, where the tides rise to a great
elevation, we find many facts attesting the incessant
demolition of land. At Cape May, for example, on
the north side of Delaware Bay, in the United States.
the encroachment of the sea was shown· by obse"-
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ations made consecutively for sixteen years, from 18041
to 1820, to average about nine feet a year -; and·at
SuJlivan's Island, which lies on the north side of the
entrance of the harbour of Charlestown, in South
Carolina, the sea carried away a quarter of a mile of
land in three years, ending in 1786. t
Tidal tDt.We called "tits Bore." - Before concluding
my remarks on the aetion of the tides, I must not
omit to mention the wave called" the Bore," which is
sometimes produced in a river where a large body of
water is made to rise suddenly, in consequence of the
contraction of the channel. This wave terminates ab.
ruptly on the inland side; because the quantity of
water contained in it is so great, and its motion so
rapid, that time is not allowed for the surface of the
river to be immediately raised by means of transmitted
pressure. A tide wave thus rendered abrupt has a
close analogy, observes Mr. Whewell, to the waves
which curl over and break on a shelving shore. :j:
The Bore which enters the Severn, where the
phenomenon is of almost daily occurrence, is some.
times nine feet high, and at spring tides rushes up the
estuary with extraordinary rapidity. The same phenomenon is frequently witnessed in the principal
branches of the Ganges, and in the Megna. " In the
Hoogly, or Calcutta river," says RenneU, "the Bore
commences at Hoogly Point, the place where the
river first contracts itself, and is perceptible above
Hoogly Town; and so quick is its motion, that it
hardly employs four hours in travelling ~om one to
the other, though the distance is nearly seventy miles.
• New Monthly Mag., vol. vi. p.69.
Phil. Trans., 1833, p. 204.

*
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HolF, vol. i. p. 96.
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At CalCqtta it sometimes occasions an inetantaneou8
riBe of five f~; and both here, and iD every other
part of its triaCk, the boaSt, on its apptoacb, iD1JDe.
diate1y qui, the shore, and make for safety to the
middle of the dver. In the chaunel., between the
islands in the mouth of the Megna, the Qeigbt of the
Bore is said to exceed twelve feet; and is 10 terrific
in its appearance, and dangerous in its cGDBequenees,
that no boat will venture to pass at spring tide."',f.hese waves may sometimes cause inundation., undermine cliffs, and still more frequently sweep away trees
and Jand animals from low shores, so 'hat they may
be carried down, ~d ultimately imbedded ia tiuviatile
or submarine deposita.
&llan" level tI different 81Jf18. - There is another
question, in reg-ard to the eJfects of tides and current,
1I0t yet fully determined - how far tbey may cause
the mean level at the ocean to vary at particular
places. According to tl1e French obte"ations ia
.Egypt the waters of the Red Sea maintam a CQUtant
elevation of betWeeB f4Iur- and five fathoms aboYe the
.neigbbouring waters of the Meditenanean. at all times
of the tide. Some bave attributed this to a eQl'l'eIlt
setting up the Red Sea and raising its level. BQt
Rennell has, suggested that the Mediterranean ma, be
lower than the Red Sea; because its loss by evaperation
may not be compeRsated, especially at its eastern
end, by the cQl'rent setting in through tae Straita o£
Gibraltar. It bas also been imagined that tbere is an
equal, if not greater diversity, in the relative levels. of
the Atlantic and Pacific, on the opposite ,ides of the
isthmus of Panama. But the levellings recently car• Rennell, PbiL Trans. 1781.
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idlereis b01!eason to sUppose that .any other appearances would be witnessed by the inbabitants et
.dle surface. than vibratorymol'em.eDts and reats, from
which no vapour might escape. In making .their 'WJ1y
,throQ8h.fissures,a very few miles on1yin length, or in
forcing a lpasS4ge tluo\lgh soft. yieldhlg s~ata, the
~apours may be cooled and absorbed: by water. For
'Water has a stroqg affinity to several of the .gastl8; and
:will absorblllllgequantities, with.a very .sljghtincre~
Gf volume. In this ,manne", the heat or .the volQD)e Qf
springs may.be augmented, ,and ,their mineral proper.
ties made to vary.
Permanent elew#ion and 1fUlJaidence. - It is easy to
.conceive .that the shatt.ered rocks may assume an
arched form during a convulsion, so that the country
e1xwe may remain permanently upheaved. In other
cases, gas may drive before it masses of liquid lava,
·which may thus be injected into newly opened fissures.
The gas having then obtained more room, by the
forcing up of the incumbent rocks, may remain at
rest; while the lava, congealing in the rents, may
afford a solid foundation for the newly raised district.
Experiments have recently been made in AmeriCll,
by Colonel Totten, to ascertain the ratio according to
which some of the stones commonly used in architecture expand with given increments of heat.· Jt
was found impossible, in a. country where the annual
:variation of temperature was more than 900 F., to make
IJ. coping of stones,five feet in length, in which the
joints should fit so tightly as not to admit water betwe,en
'he stone andtbe cement; the.annual contraction.and
• Silliman's American Journ., vol. xxii. p. 186.

The appli-

Cation of these J'8IIults to the thecny of earthquakes, was Bm
_sgested to me br Mr. Babbltp.
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expansion of the stones causing, at the junctions, small
crevices, the width of which varied with the nature of
the rock. It was ascertained that fine-grained granite
expanded with 1°F. at the rate of 0()()()()()4.825; white
. crystalline marble O()()()()()5668; and red sandstone
o()()()()()95S2, or about twice as much as granite.
Now, according to this law of expansion, a ID8III
of sandstone, a mile in thickness, which should have
its temperature raised 200° F., would lift a superimposed layer of rock to the height of ten feet above
its former level. But, suppose a part ot the earth'.
crust, one hundred miles in thickness and equally
expansible, to have its temperature raised 600° or
8000, this might produce an elevation of between
two and three theusand feet. The cooling of the same
mass might afterwards cause the overlying rocks to
sink down again and resume their original position.
·By such agency we might explain the gradual rise of
Scandinavia or the subsidence of Greenland, if this
last phenomenon should also be established as a fact on
further inquiry.
It is also possible that as the clay in Wedgwood's
pyrometer contracts, by giving oft'its water, and then,
by incipient vitrification; so, large masses of argil.
laceous strata in the earth's interior may shrink, when
subjected to heat and chemical changes, and allow the
incumbent rocks to subside gradually. It may free
quently happen that fissures of great extent may be
formed in rocks simply by the unequal expansion of a
continuous mass, heated in one part, while in another
it remains at a comparatively low temperature. The
sudden subsidence of land may also be occasioned by
subterranean caverns giving way, when gases are condensed, or when they eacape thr.ough newly-formed
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crevices. The- iubtraction, mo~ove'r, of. matter (rom
certain parts of the interiort by the flowing of lava, and
of mineral springs, must, in the courSe of ages, cause
_vacuities below, so that. the undermined surface may
at length fall in.
Oauae of tJQlcanic eruptions• ...:.. The most probable
causes of a volcanic outburst at the surface have been
in a great degree anticipated in the precedingspeculations OD the liquefaction of rocks and -the generation
of gases. When a minute hole is bored in a tube filled
with gas condensed into a liquid, the whole becomes
instantly aeriform, or, as some writers have expressed
it, "flashes into vapour," and often bursts the tube •
. -Such an e!tp-eriment may represent the mode in which
gaseous matter may rush through a rent in the-rocks,
and continue to escape for days or weeks through a
small orifice, with an explosive power sufficient to
redu~e every substance which opposes its passage into
small fragments, or even dusL Lava may be propelled
upwards at the same time, and ejected in the form of
scoriae. In some places, where the fluid lava lies in a
apace intervening between a fissure, communicating
with the aurface, and a cavern in which a considerable
body of vapour has been formed, there will be an efflux
of lava, followed by the escape of gas. Eruptions
often commence and close with the discharge of
vapour; and, when this is the case, the next outburst
may be expected to take place by the same vent, for
the concluding evolution of elastic fluidS will open the
duct, and leave it unobstructed.
The breaking out of lava from the side or base
of a lofty cone, rather than from the summit, may be
attributed to the hydrostatic pressure to which the
flanks of the mountain are exposed, when the column
VOL. 11.
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of lan has risen .to a great height. If; before it h..
reached the top, there should happen to be a stoppage
of the main duci,the upward pressure of the ascend·
ing column of gal and lan may be sufficient to bunt a
lateral opening.
GeyMJr'o/' Iceland.- As aqueous vapour constitutes
the most abundant of the' aeriform products of voL
C8DOS in eruption, it may be well to consider atte~
~vely,a case in which steam is exclusively'the moving
power - that of the Geysers of Iceland. These intermittent hot springs occur in a diStrict situated in the
BOuth.western division of Iceland, where neaTly one
hundred of them are said· to break out within a circle
of· two miles. They rise through a thick: current tI.
lava, which may perhaps have flowed from MoUII
Heel&, the summit of that volcano being seen m.
the spot at the distance :of more than thirty miIC
In this diStrict,· the rushing of water is sometimel
heard in chasms beneath the surface; for here, a8 ..
Etna, rivers flow in subterranean channels through the
porous and cavernous lava. It has more than once
happened, after earthquakes, that some of the boiling
fountains have increased or diminished in violence
and volume, or entirely ceased, or that DeW ones bave
made their appearance - changes which may be
explained by the opening of new rents· and the closing
ofpre-existingfissures. It has often been reported tba&
the powers of the Geysers are, UpoD the'whole, on the
decline; but the' description given by Mr. Barrow, JUDo
of the eruptions in 1834, agrees very ,closely with tbat
of Sir J. Banks, written more than 60 years .before.Few of the Geyaer8 play longer than· five or &is

• Sue BIIIT!)W'• •isK to lce"'lId, cb. -ri;. 1834.
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linute8 at a time, and the intervals between their
ruptions are for the mOlt part very irregular. The
reat Geyser rises out of a spacious basin at the sumlit of a circular mound composed of siliceous inrustations deposited from the spray of its waters.
:he diameter of this basin, in .one direction, is fifty~lIix'
let, and forty-six in another.

"kID qftlre CrtJter Of the great Gtflltf'l.. lcdand.

the centre is a pipe seventy-eight feet in perpen~.
:ular depth, and from eight to ten feet in diameter,
t gradually widening, as it rises into the basin.
e inside of the basin is whitish, consisting of a sili.
)US crust, and perfectly smooth, as are likewise two
all cbannels on the sides of the mound, down whicb
. water escapes when the bowl is filled to the margin.
ecircular basin is sometimes empty, as represented
Reduced trom a aketdl given by W. J. Hookn-, M.D., in
Tour in Icelaud, yol. i. p. 149.
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in the above sketch; but is usually filled' with beautifully transparent water in a state of ebullition. DurjDg
the rise of the boiling water in the pipe, especially
when the ebullition is mOllt violent, and when the
water is thrown up in jets, subterranean noises are
heard, like the distant firing of cannon, and the earth
is slightly shaken. The sound then increases and the
motion becomes more violent, till at length a column
of water is thrown up, with loud explosions, to the
height of one or two hundred feet. After playing
for a time like an artificial fountain, and giving of
great clouds of vapour, the pipe or tube is emptie4;
and a column of steam rushing .up with amazing force
and a thundering noise, terminates the eruption.
If stones are thrown into the crater, they are in·
stantly ejected; and such is the explosive force, that
very hard rocks are sometimes shivered by it into
small pieces. Henderson found that by throwing a
great quantity of large stones into the pipe of Strockr,
one of the Geysers, he could bring on an eruption in
a few minutes.· The fragments of stone, as well as
the boiling water, were thrown in that case to a much
greater height than .usual. After the water had been
ejected, a column of steam continued to rush up with
deafening roar for nearly an hour; but the Geyser,
as if exhausted by this effort, did not send out a freih
eruption when its usual interval of rest had elapsed.
Among the different theories proposed to aCOOUDt
for tllese phenomena, I shall first mention one suggested by Sir J. Herschel. An imitation of these jets,
he says, may be produced on a small scale, by heating
red hot the stem of a tobacco pipe, filling the· bowl
wjth wat!lr, and $0· inclining the pipe as to let the

a

• Jourual of a Residence in Iceland, p.
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water run through the stem. Its escape, instead of
taking place in a continued stream, is then performed
by a succession of violent explosions, at first of steam
alone, then of water mixed ·with steam; and, as the
pipe cools, almost wholly of water. At every such
paroxysmal escape of the water a portion is driven
back, accompanied. with steam, into the bowl, The'
intervals between the explosions depend on the heat;
leng~ and inclination of the pipe; their continuance,
on its thickness and conducting power.- The application of this experiment to the Geysers merely requires. that a subterranean stream, flowing through
the pores and crevices of lava, should suddenly reach
a· fissure, in which the rock is red hot, or nearly so.
Steam would immediately be formed; which, rushing
up the fissure, might force up water along with it to
the surface, while, at the same time, part of the
steam might drive hack the water of the supply for a
certain distance towards its source. And when, after
the space of some minutes, the steam was all condensed,
the water would return, and a repetition of the phenomena take place.
There is, however, another mode of explaining the
action of the Geyser perhaps more prohable than that
above described. Suppose water percolating from the
surface of the earth to penetrate into the subterranean
cavity A D by the fissures F F, while, at the same
time, steam, at an extremely high temperature, such
as is commonly given out from the rents of lava currents during congelation, emanates from the fissures
C. A portion of the steam is at first condensed into
w,ater! wbile the temperature of the water is raised
• MS. read to Geol. Soc. ofLondOD. Feb. 29. 1852.

.'

~

S

.

Digitized by

Google

890

GEYSERS OF ICELAlfD.·

[Boat 11

by the latent heat &bus evolved, till, at last, the lower
part of the cavity is filled with boiling water and the
upper with Iteam under high pressure. The expansin
force of the steam becomes, at length, 80 great, that
the water is forced up the fiuure or pipe E B, aDd
runs over the rim ot' the basin. When the pressure
i. thus diminished, the steam in the upper part of the
cavity A expand&, until all the water D is driven into
the pipe: and when this happens, the steam, being
the lighter of the two Ruids, rushes up through the
Fig. 48.

.water with great velocity. If the pipe be choked up
artificially, even for a few minutes, a great increase of
heat must take place; for it is prevented from escaping
• From Sir Gearge Mackenue's Iceland.
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in a latent form in steam; so tbat the water i. made
to boil more violently. and this brings on 'an. eruptiop.,
If we suppose that large subterranean cavities exist
at the depth of some mile.. below the surface of 'the
earth, in which melted lava accumulates, and that
water penetrates into these. the steam ,thus generated
may press upon lava and force it up the duct of a
volcano, in the same manner as a column of water i.
driven up the pipe of a Gey.er.
· ~ of tDater in f1Okanoa. - No theory seems at
· first more improbable, than that which repre.ents
water as afFording an inexhaustible supply of fuel to
the volcanic fires j yet, if subterraneous heat be derived
from chemical action, as before hinted, and if illectric
· c~ents in tJte crust of the earth may exert a slow decomposing power,. th~ hypothesis is far from visionary.
It is a fact that must never be overlooked, when we
ar~ speculating on the probable causes of volcanos.
that, while a great number are entirely submarine, the
remainder are for the most part in islands or maritime
tracts. There are a few exceptions, but BOme ,of these,
as Dr. Daubeoy observes, are near inland salt lakes,
as in Central Tartary; while others form part of a
train of volcanos the extremitiea of which are near
the sea. Thus JoruJ)o, in Mexico, though itself not
less than forty leagues trom the l)earest ocean, appears
to be connected with the volcano of Tuxtla on the one
hand, and that of Colima on the other; the first bordering on the Atlantic, the latter on the Pacific Ocean.
This communication is rendered more probable by the
parallelism tbat exists between these and Jleveral intermediate volcanic hills.-

'!'

,

t

See Dauben,.', _ k s - cc Volcanos," p.
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Sir H. Davy suppoies that,· when the sea is diStant,
as in the case of some of the South American volcan~
they may still be supplied with water from subterranean lakes; since, according to Humboldt, large
quantities of fish are often thrown out during eruption••It has been already stated, that the gases exhaled
from volcanos, together with steam, are such as would
result from the decomposi~on of salt water, and the
fumes which escape from the Vesuvian lava have been
obsened to deposit common salt.t The emission 'of
free muriatic acid gas in great quantities favours the
theory of the decomposition of the salt contained ID
&ea water; but M. Boussingault did not meet with
this gas in his late examination of the elastic ftuidi
evolved from the volcanos of equatorial America. He
informs 'us, that the same are given out by all the
different vents, namely, aqueous vapour, in very large
quantity, carbonic acid gas, sulphurous acid gas, and
sometimes fumes of sulphur. The same naturalist
found by analysis, that all the thermal waters of the
Cordilleras were charged with sulphuretted hydrogen

gas.+
M. Gay LUSB8c, while he avows his opinion that the
decomposition of water contributes largely to volcanic
action, calls attention, nevertheless,· to the fact, that
hydrogen has not been detected in a separate furm
among the gaseous products of volcanos; nor can it,
he says, be prEsent; for, in that case, it would be
inflamed in the air by the red-hot stones thrown out
during an eruption. Dr. Davy, also, in his account
• PhiL Trans., 1828. p. 250.
t Davy, Phi). Trans., 1828, p.244.
t ADD. de Chim. et de Ph,s.; tom. Iii. p. 18 I.
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of Graham island, says,' " I watched when the light~
nillg was most vivid, and -the eruption of the greatest
degree of violence, to see if there was any inflamma~
tion occasioned by this natural electric spark - any
indication of the presence of inflammable gas; but invain."May not the hydrogen, Gay Lussac inquires, ~e
combined with chlorine, and produce muriatic acid?
for this gas has been obse"ed to be evolved from
Vesuvius - and the chlorine may have been derived
from sea salt; which was, in fact, extracted by simple
washing ftom theVesuvian lava of 1822, in ihe proportion of nine per cent. t Bot it was answered, that
Sir H. Davy's experiments had shown, that hydrogen
;&not combustible when mixed with muriatic acid
gas; -so that if muriatic gas was evolved in large
quantities, the -hydrogen might -be -present without
inSammation.:\:
- . M. Gay Lussac, in the memoir just alluded to, expresses doubt as to the presence of sulphurous acid;
but the abundant disengagement of this gas during
eruptions is 110W ascertained: and thus all difficulty
in· regard to the absence of hydrogen in an inflammable
state is removed. For, as Dr. Daubeny supposes, the
hydrogen of decomposed water may unite with sulphur
to form sulphuretted hydrogen gas, and ,this gas-will
then be mingled with the sulphurous acid as it rises
to the crater. It is shown by experiment, that these
gases mutually decompose each other wben mixed
where steam is present; part of the hydrogen of the
one immediately uniting with the oxygen of the other,
• Phil.

Trans., 18S2, p_

240.

-t Ann. de Chim. et de Phys., tom. xxii.

,

t Quart. Journ. of Science, 18'25, p. iS2. note by l'ditor.
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to form water, while the exceas of sulphurous acid alone
escapes iBto the atmosphere. Sulphur is at the same
precipitated.
.
This ~xplanation is sufficient. but it may be asked,
whether the ftame of hydrogen would be visible during
an eruption; as that gas, when inflamed in a pure atate,
burns with a very faint blue, flame, which even in the
night could hardly be perceptible by the side oired·
hot and incandescent cinders. Its immediate conver·
sion into water when inflamed in the atmosphere. migIIl
also account for its ~ot appearing in a separate fono.
When treating of springs and qverftowing well., 1
have stated that porous rocks are percolated by t'resh
water ,to great depths, and that sea-water probably
penetrates in the, same manner througb the rocks wbid!
form the bed of tIle ocean. But" besides this universal
circulation, in, regions not far from the surface, it must
be supposed that, wherever earthquakes prevail, mod!
larger bodies of water will be for:ced by the pressure
of the ocean into fissure!! at greater depths, or swal·
lowed, up in chasms; in the same manner as, OD the
land, towns, houses, cattle, and trees are sometime!
engulpbed. It will be remembered, that these chasm!
often close again after houses have fallen into them:
and, for the same reason, when water has penetrated
to a. mass of melted lava, the steam into which it is
converted may often rush out at a different aperturt
from that by which the water entered. Tbefrequenl
explosions caused by the generation of steam in tilt
neighbourhood Qf the sea or of deep lakes, may sbatteI
the solid crust of the earth, and allow the free escape
of gases and lava which, but for this cause, migbl
never have reached the surface, and might only have
given rise to earihquakes.
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Dr. Daubeny has suggested that water containing
atmospheric air may descend trom the surface of the
earth to the volcanic foci, and that the same procell of
combustion by which water is decomposed may deprive such subterranean air of its oxygen. In this
manner we might explain the great quantities of nitrogen evolved from volcanic vents, and thermal water&j
and the fact that air disengaged from the earth in
volcanic regions is either wholly or in part deprived ef
its oxygen.
Sir H. Davy, in his memoir on the "Phenomena of
Volcanoa," remarks, that there W88 every reuon to
suppose in Vesuvius the existence of a descending current of air; and he imagined that subterranean cavities
which threw out large volumes of steam during the
eruption, might afterwards, in the quiet state of the
¥olcano, become filled with atmospheric air.. The
presence of ammoni8cal salts in volcanic emanations,
and of ammonia in lava, favours greatly, says Dr. Daubeny, the notion of air 88 well as water being deoxidated in the interior of the earth. t
Such phenomena admit of a ready explanation OD
the principles of the chemical theory of volcanos, considered in the last chapter; but are left unexplained
by the hypothesis of the gradual contraction of an
extemal crust upon a fluid nucleu..
I1IIJlOI1tmDe of ottendi"fl to tAe _ _ t10Icanic pie~ - In concluding these remarks on the causes
of volcanos and earthquakes, I may observe, that speculations and conjectures OD this obscure subject
• . PhiL Trane. J 828•
.,. Ammonia is compoaed of hydrogen and nitrogen: or the
elements ofair without its oxygen. See Dauben)" EnCJc. Metrop.,
Part 40.
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ahould be encc:lUraged; because a great step is geiDed.
if geologists are rendered more conscious of \he chaDget
in the earth's crust now going on out of light, and
under circumstances widely diWerent from any wbicb
~ ever .come within the sphere of human obserY.
ation. In estimating the effects of existing causee, we
are too apt to confine our views to operations IUch 15
we actually see in progress upon the habitable surface.
regardle88 of those which must be going on at variou
depths below. But when we examine the geological
structure of the earth, we behold the results of former
processes both subterranean and superficial; and Itcognize at once the exact agreement of many of the
superficial class with the effects of known causes. To
what agency, then, ought we to refer the· phenomeDI
which still,remain unexplained? Surely not to imagi1Iary forces, which may by p088ibility have prevailed
in the infancy of the planet; but rather to the unaeen
portion of that machinery which is still at work. III
it be supposed that a person has made such progress
in a foreign language-German, for example-tha~
in perusing the w,orks of living authors, he understaDlk
the meaning of about two thirds of what he reads. 1£
on taking up a book written two or three centuriel
ago, he finds that he is able to interpret about as much
of that also, he might naturally conclude that the Ian·
guage had remained the same, or nearly the same.
during the intervening time. Would he have anI
doubt respecting this identity, trom being unable ID
:.comprehend aU that is written in the older volume 1
or would he not, on the contrary, thi~ it onreasonable•
.,whjle he remains ignorant of a great part of the {mog
,language, to expect to interpret every thing in !he
ancient book? .
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The btJlanDe of dry land, lIOfD pruert16d•....:.ln the
present state of our knowledge, we cannot pretend to'
estimate the average number of earthquake. which
may happen in the course of a single year. As the
area of the ocean is nearly tbree times that of the'
land, it is probable that about three submarine earth-,
quakes may occur for one exclusively continental: and
when we consider the great ~equency of slight move"
mel)ts ih certain districts, we can hardly suppose that'
a day ever passes without one or more shocks being
experienced in some part of the globe. We have also
eeen that in Sweden, and other countries, changes in
the relative level, of sea and land may take place
without commotion, and these perhaps produce the
most important geographical and geological changes;
fOr the position of land may be altered to a greater:
amount. by an elevation or depression of one inch over
• vast area, than by the sinking of a more limited tract,
auch as the forest of Aripao, to the depth of many
fathoms at once.- ,
It must be evident, from the historical details above
~iven, that the force of subterranean movement,
whether intermittent or continuous, whether with or
without disturbance. does not operate at random,
but is developed in certain regions only; and although
tbe alterations produced during the time required
for the occurrence of a few volcanic eruptions may be
inconsiderable, we can hardly doubt that, during the
ages necessary for the formation of large volcanic
eones, composed of thousands of lava currents, shoals
might be converted into lofty mountains, and low lands
into deep seas.
• See p. 251.
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In a former chapter, I have stated tbat aqueoua aod
igneous agents may be regarded as antagonist forces:
the aqueous labouring incessantly to reduce the inequalities of the earth's surface to a level, while the
igneous are equally active in renewing the unevenness
of the surface.. 8y some geologists it has been
thought that the levelling power of running water WII
opposed rather to the e~aein!{ force of earthquakes
than totheir,action generally. This opinion is, howerer,
untenable; for the sinking down of the bed of the ocelli
is one of the means by which the gradual submenita
of land is prevented. The depth of the sea canoot he
increased at anyone point without a universal fall rJ
the waters, nor can any partial deposition of sedimeal
occur without the displacement of a quantity of waur
of equal volume, which will raise the sea, though in_
imperceptible degree, even to the antipodes. The
preservation, therefore, of the dry land may 8Ome&imeI
be efFecte'lt by the subsidence of part of the earth'.
cnlst (that part, namely, which is covered by die
ocean), and in like manner an upheaving IDOvemeat
must' often tend to destroy laad; for if it render the
bed of the sea more shallow, it'will displace a c:erIIiD
quantity of water, and thus tend to submerge low traetJ.
Astronomers baving proved that there has been DO
change in the diameter of tbe earth during tbe \asI
two thousand years, we may assume it 88 problbJe,
that tbe dimensions of the planet remain unifOlllLt
If, then, we inquire in what manner the force of earIhquakes must be regulated, in order to restore perpetually the inequalities of the surface which the 1enJ.
ling power of water tends to efFace, it will be f_
• Book ii. chap. i.

t Vol. i.
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that the amount of depression must exceed that of
elevation. It would be otherwise if the action of volcanos and mineral springs were suspended; for then
the forcing outwards of the earth's envelope ought .
to be no more than equal to its sinking in.
.
To understand this proposition more clearly, it
must be borne in mind, that the deposits of rivers and
currents probably add as, much to the height of lands
which are rising, as they take from those which have
risen. Suppose a large river to bring down sediment
to a part of the ocean two thousand feet deep, and
that the depth of this part is gradually reduced by the
accumulation of sediment till only a Ilhoal remains,
covered by water at high tides; if now an upheavi~g
force should uplift this shoal to the height of 2000 fee~
the result would be a mountain 2000 feet high. But
bad the movement raised the same part of the bottom
of the sea before the sediment of the river had filled
it up; then, instead of changing a shoal into a mountain
2OGO feet high, it would only have converted a deep
sea into a shoal.
It appears, then, that the operations of the earth.
quake are often such as to cause the levelling power
of water to counteract itself; and, although the idea
may appear paradoxical, we may be sure, wherever we
find hills and mountains composed of stratified deposits, that such inequalities of the surface would have
had no existence if water, at some former period, had
not been labouring to reduce the earth's surface to one
level.
But, besides the transfer of matter by running water
from the continents to the ocean, there is a constant
transportation from below upwards, by mineral springs
and volcanic vents. As mountain masses are, in the
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course of ages, created by the pouring forth of IlW'
cesilivl! streams of lava, so stratified rocks, of great
extent, originate from the deposition of carbonate of
lime, and other mineral ingredients, with which springs
are impregnated. The surface of the land, and por.
tions of the bottom of the sea, being thus raised, the
external accessions dire to these operations would
cause the dimensions of the planet to enlarge c0ntinually, if the amount of depression of the earth's
crust were no more than equal to the elevation. ID
order, therefore, that the mean diameter of the earth
Ihould remain uniform, and the unevenness of the sur·
face be preserved, it is necessary that the amount of
subsidence should be in excess. And such a predominance of depression is far from improbable, on mechanical principles, since every upheaving movement
must be expected either to 'Produce caverns in the
mass below, or to cause some diminution of its density,
Vacuities must, also, arise from the subtraction oftbe
matter poured out from volcanos and mineral springs;
and the foundations having been thus weakened, tIJe
earth's crust, shaken and rent by reiterated couyW.
sions, must, in the course of time, fall in.
If we embrace these views, important geological
consequences will follow; since, if there be, upon the
whole, more subsidence than elevation, the average
depth to which former surfaces have sunk beneath
their original level must exceed the height which ancient marine strata have attained above the sea. If,
for example, marine strata, about the age of our chalk
and green-sand, have been lifted up in Europe to ID
extreme height of more than eleven thousand feet; and
a mean elevation of some hundreds, we may conclude
ihat certain parts of the surface, which existed wbeD
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those strata were deposited, have sunk to an extreme
depth of more Man eleven thousand feet below their
original level, and to a mean depth of more Man a few
hundreds.
In regard to faults, also, we must infer, according to
the hypothesis now proposed, that a greater number
have arisen from the sinking down than from the elevation of rocks.
Mr. Conybeare, and some other writers, have contended, that the upheaving force of earthquakes was
more energetic during remote geological epochs, and
that it has since been gradually on the decline-; while
M~ Elie de Beaumont, on the contrary, maintains, that
the most tremendous of known convulsions belong to
times comparatively mod~m.t But in order to compare the relative amount of change produced, at different periods, by any given cause, we mQst· obtain
some standard for the measurement of time at both
the periods compared.
I have shown that, during the last two thousand
years, considerable tracts of land have been upheaved
above, or depressed below their former level. t Now',
they who contend that a greater or less amount of
-change was formerly accomplished in an equal number
-of years, must first explain the mode in which they mea'sure the time referred to~ for they cannot, in geology,
avail themselves of the annual revolutions of our planet
in its orbit. If they ~S8ume that the power of volcanos
to emit lava, and of running water to transport sediment from one part of the globe to the other, has
• Phil. Mag., No. 48. Dec. 18so, p.402.
Ann. des Sci. Nat.~1829;-Phil. Mag., No.S&' Oct.I8S1.
t See Ghapters ri . .,H•
and ix;
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remained uniform from the earliest periods; they ...y
then attempt to compare the eft'ects of subterranean
movements in ancient and modern times by reference
to one common standard; and to show that, during
the time required for the production of a certain Dumber of lava currents, or of 80 many cubic yards of sediment, the elevation and depression of tbe earth's crust
were once much greater than they are now. Or,if
they premille that the progressive rate of cbaDge i
species in the animal and vegetable kingdoms had beet
always uniform, they may then endeavour to proYe.
diminished energy of earthquakes, by showing that,i
relation to the periods connected with the ch• •
organic species, earthquakes had become comparatitel!
feeble.
But those who contend for the reduced activity.
natural:a~nta, have not attempted to support thialiat
of argument; nor does our scanty acquaintance, IJij\
with the animate and inanimate world, warraat'"
generalizations. That it would be most prematurt,ia
~e present state of natural history, to reasoD OD •
comparative rate of 6uctulltion in the species of.genic beings in ancient and modem times, or 81111
",wo geological periods, will be more fully demonwhen I come, in the next book, to. consider theiD~
mate connexion between Geology and the study.the present condition of the animal and vegetailt
.kingdoms.
To conclude: it seems to be renaered probablt,~,
,the views above explained, that the constant repair;
the land, and the subserviency of our planet to the
support of terrestrial as well as aquatic species. !If,
secured by .the elevating and depressing ~er ~
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causes acting in the interior of the earth; which, although so often the source of death and terror to the
inhabitants of the globe - visiting, in succession, every
zone, and filling the earth with monuments of ruin and
disorder - are, nevertheless, the agents of a CODSe"ative principle above all others essential to the stability
of the system.
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BOOK Ill.
CHAPTER I.
ORANGES OP THB ORGANIO WORLD NOW IN PROoRBIIII.

DiYision of the subject - EXlIIIlination of the question, Whether
lpecies have a real esiatenC8 in nature? - Importance of this
question in geology - Sketch of Lamarc:k's arguments in
favour of the transmutation of species. and his conjectural
respecting the origin of existing animals and plants (p. 407.)His theory of the transformation of the orang outang into
the human species.

THE last book was occupied with the consideration
of the changes brought about on the earth's surfilce,
within the period of human observation, by inorganic
agents; such, for example-, as rivers, marine currents,
volcanos, and earthquakes. But there is another class
of phenomena relating to the organic world, which have
an equal claim on our attention, if we desire to obtain
possession of ull the preparatory knowledge respecting
the existing course of nature, which may be available
in the interpretation of geological monuments. It appeared, from our preliminary sketch of the progress of
the science, that the most lively interest was excited
among its earlier cultivators, by the discovery of the
remains of animals and plants in the interior of moUDtains frequently remote from the sea. Much controversy arose respecting the nature of these-remains, the
causes which may have brought them into so singular
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a position, and the want ofa specific agreement between
them and known animals and plan~. .To quality ourselves to form just views on these curious questioni,
we must first study tbe present condition of ,tbe animate creation on tbe globe.
- This brancb of our inquiry naturally divides itself
into two parts: first, we may examine the vicissitudes
to which species are subject; secondly, the processes
by which certaln individuals of these species occasionally become fussil. The first of these divisions will
lead us, among other topica, to inquire, first,. whether
species have a real and permanent existence in nature?
or whether they are capable, as some naturalists pre'tend, of being indefinitely modified in the course of a
long series of generations? Secondly, whether, if
species have a real existence, the individuals com..
posing th~m have been derived originally from many
similar stocks, or each from one only, the descendants
of· which have spread themselves gradually from a
particular point over the habitable lands and waters?
Thirdly, how far the duration of each species of animal
and plant is limited by its dependence on certain fluctuating and temporary conditions in the state of the
animate and inanimate world? Fourthly, whether there
be proofs of the successive extermination of species in
the ordinary course of nature, and whether there be
any reason for conjecturing that new animals and
plants are created from time to time, to supply their
place?
WAetAer apeciea kmJe a real e:riattmt:e in nature.-=Before we can advance a step in our proposed inquiry,
4Ve must be able to define precisely the meaning which
we attach' to the term species. This is even Iilore
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neceuary in geology than in the ordinary studies of tbl
naturalist; for they who deny that such a thing as i
species exists, concede neverthelell that a botanist III
ilooIogist may reason as if the specific character wen
constant, because tbey confine their obaervatiODi tOI
brief period of time. Just as the geographer, in coostructing his maps from century to century, may pr0ceed as if the apparent places of the fixed stars
remained absolutely the same, and as if no alterllitw
were brought about by the precession of the equinoxes:
10, it i8 said, in the organic world, the stability of. !pi'
cies may be taken as absolute, if we do not extend 0lIl
views beyond the narrow period of human hiatory;bi
let a sufficient number of centuries elap8e, to allow'
important revolution8 in climate, physical geographf
and other circumstances, and the characters, BBy ~ .
of the descendants of common parents may ~
indefinitely from their original type.
: Now, if these .doctrines be tenable, we are st IJI/I.
presented with a principle of ince~t change iD 11
organic world; and no degree of dissimilarity
plants ·and animals which may formerly have esisIti
and are found fossil, would entitle us to conclude tJ;
they may not have been tlle prototypes and pKf'
nitors of the species now living. Accordingly. X
Geoft'roy St. Hilaire has declared his opinion. tJ;
there has been .an uninterrupted 8uccession ia ..
animal kingdom, effected by means of generation,fItJ
the earliest ages of the world up to the present dIy:
and that the ancient animals whose remains have be!l
preserved in the strata, however different. may ~
theJes8 have been the ance8tors of those DOW in beit
This notiOD is not very generally received, but

in-I

we"
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Bot warranted in assuming the contrary, without fully
explaing the data and reasoning by which it may be
refuted.
I shall begin by stating as concisely as possible all
the facts a~d ingenious arguments by which the theory
has been supported; and for this purpose I cannot do
better than offer the reader a rapid sketch of Lamarck's
statement of the proofs which he regards as confirmatory of the doctrine, andtwhich he has derived partly
from the works of his predecessors, and in part from
I original investigations.
,His proofs and inferences will be best considered ia
I the order in which they appear to have influenced his
I mind, and I shall then point out some of the results to
which he'was led while boldly following out his prinI ciples to their legitimate consequences.
LamarcIt'. argumtmb in /af}()W of tke traramauttJtiiJfl
; of apecia.- The name of species, observes Lamarck,
has been usually applied to "every collection of
similar individuals produced by other individual.
like themselves." This definition, he admits, i.
correct; because every living individual bears a very
close resemblance to those from which it springs.
But this is not all which is usually implied by the term
species; for the majority of naturalists agree with
LinnleUll in supposing that all the individuals propagated &om one stock have certain distinguishing cha.racters in common, which will never vary, and which
have remained the same since the creation of each

species.
In order to shake this opinion, !.amarck enters upon
the following line of argument: - The more we ad• PbU. Zool. tom. i. p. 54.
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vance in the knowledge of the difFerent organized
which cover the surface of the globe, the more
our embarrassment increases, to determine what ought
to be regarded as a species, and still more how to
limit and distinguish genera. In proportion as our
c:ollections are enriched, we see almost every void
filled up, and all our lines of separation effaced; we
are reduced to arbitrary determinations, and are some·
times fain to seize upon the slight differences of mere
v.arieties, in order to form characters for what we
choose to call a species; and sometimes we are induced
to pronounce individuals but slightly differing, and
which others regard as true species, to be varieties.
The greater the abundance of natural objects as·
sembled together, the more do we discover proofs that
every thing passes by insensible shades into something
else: that even the more remarkable differences are
evanescent, and that nature has, for the most part,
left us nothing at our disposal for establishing distinctions, save trifling and, in some respects, puerile
particularities.
We find that many genera amongst animals and
plants are of such an extent, in consequence of the
Dumber of species referred to them, that the study
and determination of these last has become almost
impracticable. When the species are arranged in a
series, and placed near to each other, with due regard
to their natural affinities, they each differ in 80 minute
a degree from those next adjoining, that they almost
melt into each other, and are in a manner confounded
together. If we see isolated species, we may presume the absence of some more closely connected,
and which have not yet been discovered. Already
are there genera, and even entire orders-nay, whole
bodi~1
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classes, which present an approximation to the state'
of things here indicated.
If, when species have been thus placed in regular
series, we select one, and then, making a leap over
several intermediate ones, we take a second, at some
distance from the first, these two will, on comparison,
be seen to be very dissimilar; and it is in this manner
that every naturalist begins to study the objects which
are at his own door. He then finds it an easy task to
establish generic and specific -distinctions; and it is
only when his experience is enlarged, and when he
has made himself master of the intermediate links,
that his difficulties and ambiguities 'begin. But while
we are thus compelled to resort to trifling and minute
characters in our attempt to separate species, we find
a striking disparity between individuals which we
know to have descended from a common stock; and
thes.e newly acquired peculiarities are regularly transmitted from one generation to another, constituting
what are called races.
From a great number of facts, continues the author,
we learn that in proportion as the individuals of one of
our species change their situation, climate, and'"'~an
ner of living, they change also, by little and little, the
consistence and proportions of their parts, their form,
their faculties, and even their organization, in such, a
manner that every thing in them comes at last to participate in the mutations to which they have been exposed. Even in the same climate, a great difference of
situation and exposure causes individuals to vary; but
if these individuals continue to live and to be reproduced under the same difference of circumstances,.
distinctions are brought about in them which become
in some degree
. essential to their existence. In a

a
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wonl, at the end of many succesaiTe generaions,
these individuals, 'which originally belonged to another
species, are transformed into a new and distinct
species.Thus, for example, if the seeds of a grass, or any
other plant which grows naturally in a moist meadow,
be accidentally transported. first to the slope of some
neighbouring hill, where the soil, although at a greater
elevation, is damp enough to allow the plant to live;
and if, after having lived there, and having been
several times regenerated, it reaches by degrees the
drier and almost arid soil of a mountain declivity, it
will then, if it succeeds in rowing, and perpetuates
itself for a series of generatIons, be so changed that
botanists who meet with it will regard it asa particular
species.t The unfavourable climate in this case, deficiency of nonrishment, exposure to the winds, and
other causes, give rise to a stunted and dwarfish race,
with some organ more developed than others, and
having proportions often quite peculiar.
What nature brings about in a great lapse of time,
we occasion suddenly by changing the circumstances
in which a species has been accustomed to live. All
are aware that vegetables taken from their birth-place,
and cultivated in gardens; undergo changes which render them no longer recognizable as the same plants.
Many which were naturally hairy become smoo~ or
nearly so; a great number of such as were creepera
and trailed along the ground, rear their stalks and
grow erect. Others lose their thorns or asperities i
others, again, from the ligneous state which their stem
possessed in hot climates, where they were indige-

t

.. PhIL Zoo)., tom. i, p; 62.
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noris, pass to the herbaceous; and, among them, some
which were perennials'become mere annuals. So well
do botanists know the effects of such changes of circumstances, that they are averse to describe species
from garden specimens, unless they are sure that they
have been cultivated for a very short period.
"Is not the cultivated wheat" (TritiCum sati'/Jum),
asks Lamarck, "a vegetable brought by man into the
state in which we now lIee it? Let anyone tell me in
what country a similar plant grows wild, unless where it
has escaped from cultivated fields? Where do we find
in nature our cabbages, lettuces, and other culinary vegetables, in the state in which they appear in our gardens? Is it not the same in regard to a great' quantity
of animals which domesticity has changed or considerably modified?" '* -Our domestic fowls and pigeons
are unlike any wild birds. Our domestic ducks and
geese have lost the faculty of raising themselves into
the higher regions of the air, and crossing extensive
countries in their Bight, like the wild ducks and wild
geese from which they were originally derived. A
bird which we breed in a cage cannot, when restored
to liberty, By' like others of the same species which
have been always free. This small alteration of circumstances, however, has only diminished the power
of Bight, without modifying the form of any part of
the wings. But when individuai of the same rade
are retained in captivity during a considerable length
of time, the form even of their parts is gradually
made to differ, especially if climate, nourishment, and
other circumstances be also altered.
The numerous races of dogs which we have pro• Pbi!. Zool., tom. i. p. Si?
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duced by domesticity are nowhere to be found in a
wild state. In nature we should seek in vain for JD880
tiJFa, harriers, spaniels, greyhounds, and other races,
between which the differences are sometimes so great,
that they would be readily admitted as specific between wild animals; "yet all these have sprung ori·
ginally from a single race, at first approaching very
Dear to a wolf, it; indeed, the wolf be not the true
type which at some period or other was domesticated
by man."
Although important changes in the nature of the
places which they inhabit modify the organization of
animals as well as vegetables; yet the former, says
Lamarck, require more time to complete a coDsider·
able degree of transmutation; and, consequently, we
are" less sensible of sue£. occurrences. Next to a die
versity of the medium in. which animals or plants may
live, the circumstances which have most influence in
modifying their organs are difFt;rences in exposure,
climate, the nature of the soil, and other local parti.
culars. These circumstances are as varied as are the
characters of the species, and, like them, pass by insensible shades into each other, there being every
inter..mediate gradation between the opposite extremes.
But each locality remains for a very long time the
same, and is altered so slowly that we can only become
conscious of the reality of the change by cODsulting
geological monuments, by which we learn that the
order of things which now reigns in each place has Dot
always prevailed, and by inference anticipate that it
will Dot'always continue the same.Every considerable alteration in the local circu~.
• Phil. ZooL, tom. i. p. iSi.
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stances in which each race of animals exists causes a
·change in their wants, and these new wants excite
them to new actions and habits. These actions ·re·quire the more frequent employment of some parts
before but slightly exercised, and then greater development follows as a consequence of their more
i frequent use. . Other organs no longer in use are im·poverished and diminished in size, nay, are s9metimes
; entirely annihilated, while in their place new parts
are insensibly produced for the discharge of new
, functions..
: I must here interrupt the author's argument, by
: observing, that no positive fact is cited to exemplifY
. the substitution of some entirely MrD sense, fuculty, or
organ, in the room of some other suppressed as useless. All the instances adduced go only to prove that
the dimensions and strength of members and the perfection of: certain attributes may, in a long succession
of generations, be lessened and enfeebled by disuse;
or, on the contrary, be matured and augmented by
active exertion; just as we know that the power of
scent is feeble in the greyhound, while its swiftness of
pace and its acuteness of sight are remarkable - that
the harrier and stag-hound, on the contrary, are comparatively slow in their movements, but excel in the
sense of smelling.
It was ne~ssary to point out to the reader this important chasm in the chain of evidence, because he
might otherwise imagine that I had merely omitted
the ilIustratiolls for the sake of brevity, but the plain
truth is, that there were no examples to be found ; and
when Lamarck talks "of the efforts of internal senti• PhD. ZooL, tom. I. p. 294.
T
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ment," "the ~6ueD.Ce of subtlye Bu~ds,u and .cc acts of
organization," .as .~use8 whereby animals IUld plants
may acquire neID orqIJU, he substitutes D8.JIles for
things; and, ,.ith a disr..,d to .the s~j,c.t rules of induction, resorts to fictions, ~ ideal as the "plastic
virt~e," and other pbantOIDll, of the geologists of tJie
~iddle ages_
It is evident that, if some well-authenticated ~cts
could have been ad4uced to establ,ish one complete
step in the process of transformation, such as the appearance, in individuals descending from a common
stock, ofa sense or organ entirely new, and a cOD)plete
disappearance of some other enjoyed by their progeni.tors, time .alone might then be supposed sufficient to
.bring a~ut any amount of metamorphos~_ ne gratuitou, assumption, therefore, of a point so v~tal to the
thepry of tranamut~gD, waa .unpardoDable 011 the ~
.of its advocate.
But to proceed with the system: it being assumed
as an undoubted fact, that a change of external circU'1lstances may pa~e one organ to become entirely
ob~lete, an~ !1 new one to be developed, suph a.s pev~
hefore belonged to the species, the follo1!Ving J?roposition is linnounced, which, however staggering and
absurd ~t may se~~, i$ log.cally deduced frq~ the
assumed premises. It is not the organs, or, in oth~r
w.ords, tbe naturF ~~ form of the p~ts pf $e bodr of
an animal, which ~lj.re giVen riae to its habits, apd its
~rticula~ facult~e!l; put, on tpe contrary, it~ habits,
its manner of livins~ IlDq ~o~e of its progenitors, have
in the co~r!le of time tle~ermine4 the form of its holly,
the number and condition of its organs, in sbort, tPe
faculties which it enjoys. Thus otters, beavers, waterfowl, turtles, apd i?:OSS1 were not made web-footed in
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wder that they IDigltt s_.; butthek wmis hariDg
attncted them. tp the water in .search of prey, they
s.tr.etchec1 out the toes .. their feet to strike the water
and move .rapidly along ita surface. By the repeated
.tretChirag of their tees, the skill which united them at
the base lMlquired a habit of ex.tension, until, in the
course of time, the broad membranes which now connect their e~tnmities were fOrmed.
In like maaner, the antelope and the gazelle were
aot endowed with light agile fo.rms, in order that they
might escape by flight from carnivorous animals; but,
baving been exposed to the danger of being ~evoured
by liODS, tigers, and other beasts of prey, they were
compelled to exert themselves in running with great
celerity; a habit which, ill the course of many generations, gave rise' to the peculiar slenderness of their
legs, and too agility and elegance of their forms.
The camelopard was DOt gifted with a long flexible
neck because it was destilled to live in the interior of
Africa, where the SQil was arid and devoid of herbage;
but, being reduced by the nature of that country to
support itself on the foliage of lofty trees, it contracted
a habit of stretching itself up to reach the high boughs,
until its fore legs became longer than the hinder, and
jts neck so elongated that it could raise its head to
the height of twenty feet above the ground.
Another liue of argument is then entered upon, io.
further corroboration of the instability of species. In
order, it is said, that individuals should perpetuate
themselves unaltered by generation, those belonging
to one species ought never to ally themselves to those
of another; but such sexual unions do take place, both
among plants and animals; and although the offspring
of such irregular connexions are usually sterile, yet
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such ia Dot always the cue. Hybrids hue 80IJIe
times proved prolific, where the disparity betweeu tbI
species wu not too great ~ and by this meaoa aIaoe
says Lamarck, varieties may gradually be created b)
near alliances, which would become rues, and iD tht
course of time would constitute what we term species.'
But if the soundness of all these arguments_
inferences be admitted, we are next to inquire, what
were the original types of form, organizatioD, IIIIi
instinct, from which the diversities of character, 88 /II1f
exhibited by animals ami plants, have been deriYei:
We know that individuals which are mere varieties«
the same species would, if their pedigree coaId lie
traced back far enough,· termioate in a single &lOCk;
so, according to the train of reasoning before d~
the species of a genus, and even the genera of a P'
family, must have had a common point of de,.What, then, was the siogle stem from which 80 l/1li]
varieties ofform have ramified? Were there D*fi
these, or are we to refer the origin of the wbII
animate creation, as the Egyptian priests did tIW i.
the universe, to a siogle egg?
In the absence of WIly positive data Cor fi1Imiu!l
theory on so obscure a subject, the followiog ~.
ations were deemed of importance to guide CODjeeIDI'
In the first place, if we examioe the whole series~
known animals, from one extremity to the other, whet
they are arranged in the order of their natural reIt
tions, we find that we may pasa progressively, Of. i
least, with very few interruptions, from beiDgs ~
more simple to those of a more compound strucllJf;
and, in proportion as the complexity of their orp• Pili). ZooI., p. 64.
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ization increases, the number and dignity .of their
f8culties· increase also. Among plants, a similar approximation to a graduated scale of being is apparent.
.Secondly, it appears, from geological observations, that
plants and animals of more simple organization existed
on the globe before the appearance of those of more
compound structure, and the latter were successively
formed at more modern periods: each new race being
more fully developed than the most perfect of the
preceding era.
•
Of the truth of the last-mentioned geological theory,
Lamarck seems to have been fully persuaded; and he
also shows that he was deeply impressed with a belief
prevalent amongst the older naturalists, that the
primeval ocean invested the whole planet long after it •
became the habitation of living beings; and thus he
was inclined to assert the priority of the types of marine animals to those of the terrestrial, so as to fancy,
for example, that the testacea of tbe ocean existed
first, until some of them, by gradual evolution, were
improtJed into those inhabiting the land.
These speculative views had already been, in a great
degree, anticipated by Demaillet in his Tel1iamed, and
by several modern writers; so that the tables were
completely turned on the philosophers of antiquity,
with whom it was a received maxim, that created
things were always most perfect when they came first
from the hands of their Maker i and that there was a
tendency to progressive deterioration in sublunary
things when left to themselves-----omni. fatis
In pejus ruere, ac retrO sublapsa referri.

So deeply was the faith of the ancient schools of
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phUosophy imbued wit~ thia doctrine, that, to check
this universal proneneu ~ degeQ~~CJ, ~o~ lell
than the re-intervention ~f &lie Deity W.8IS thoug.t
adequate; and it ~as h~d, tbat t~ereby the order,
excellence, ~~d pristine e~efgy of the moral aDd
\ phyaical world ...<\ been repeate\lly r~tored.
But wh~ the pop,i\)ility o.f t)le indefiDi~ lI:IodiIcation of individuals ~nding from CQ.umon parenli
was once asf!umed, aB ,Iso the geological iofereuce
respecting the progressive development (If orgaq.ic: lii,
it WaB natural tha~ the ancient dogIWl should be rejected, or rather reve~d. and ~ tlle mOllt &impi
and imper(ec~ fora:as
facukies $ho.uld \le CQQceinO
to have been the qrigillak whence all oth~ 1RIt
cieyeloped. AccordiQgly, i}.1 cQ.nfor~\y to t~~ viewl.
inert matter was supposed. to, ~",ve been nr.~ endoni
with life; ~til, in the ~ae of ages, .,~tion n
superadded to mere yi~ty: !light, h~ing. and ..
other se~f! were ~~""",P.s a~qu~~; tIJen iasIiIcI
and the me__tal faculties; IJ.Dtil, finally, by virtuuCdIe
tendency of things to JIf'O!I"Usive ~ llIt
irrational was developed into th~ r~tiP!lal.
The ~ader, howev~1 will ~~tely perceitc
that when all the higher ord~r Qf pJI!llt.4 ancJ ~
were thus suppof!ed to be comJWatively moderu,.
have been derived ip a long series of geQeAtiot
from tho!!e of more simple confermation, SOJne ~
hypothesis becam,e indispensable. in order to explai
why, after an indefinite lapse of ages, 'here 'l(Ve,;:e sIi.
so many beings of the simplest structure. Why bill
the majority of existing creatures remained sta~
throughout this long succession of epocbs, while otJIII!
have made such prodigious advances? Why are _
such multitudes of infusoria and polyp&; or of confilrtI

aqci
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and othcw ClJ'Ptegamie plants? WIly, moreOver, has
the rn.ceu of. developmea& aded with sudl unequal
aJtd irregu1u force 08 those classea of beiags which
I
have beeR greatly perfecte.tt.. se that thfte are wide
, c:baaIns in the serielf; gaps so eDOrmous, that Lamarck
. fairly admits we ~ DeTer expect to ill them up by
future discoYeries ?
TIle 6IUowing llypodlesis wU prnided to meet these
objections. Nature, we,are told, is Dot an mtelligence.
JlOI: tDe Deit,; but a clelegated. pOAReI' - & mere instru...
ment-a pieee of mecha'Diam aetint; by necessityan order of things. conatitllted by the Supn:me Being,
and subject to laws which are the. expressions of his.
will. This Nature is oblig«l to proceed gradually in.
aB her operations; she cannot. produce animals and.
plants of aJl classes at ORce, but must alwa.ys begin by
the fonnatioa of the moat simple kinds,
out of
them elaborate tlte more compound,. adding te them,.
successively, diiFerent systems.oC: organ~ aad &ultiplJJing more and more their numl!ler and· energy~
This Nature is daily engaged in the formation of the.
elementary rudiments of animal and' v.egetable exist;.·
ence, which correspond to what the ancieau ter.med1
~ gtI1IIIf'fJIiqn. She is always beginning anew,
day by day, the work of creation, by forming monads,
OIl "rough draughts" (ehaudles). whieb. are the. only
li\dng things she giv.ee birth to dirwllg.
There are distinct prim.y nuliments of plaDta. and:
animals, and probalJly of each, of the great divisions of
tbe animal and vegetable kingdoms.- These are gra..
duaUy developed into the higber. and. more. perfect.
classes by the slow bat uuceaaiog agency of two;

ana

• Aaimaull _

V.ert. tom. i. po 56'. IlllllOdudian
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inSuential principles: &rat, • ~ to progreuivs
in organization, accompanied -by greater
dignity in instinct, intelligence, &co; secondly, de
force cif a:ImItIl mr.:.....",., or of variatioll8 in the
physical condition of the earth, or the mutual relations
of plants and animals. For, 81 species spread themselves gradually over the globe, they are exposed Rom
time to time to VariatiODl in climate, and to cbaDges
in the quantity and quality of their food; they meet
with new plants and animals which 818ist or retard
their development, by supplying them with nutriment,
or destroying their foes. The nature, also, of each
locality, is in itself fluctuating; so that, even if the
relation of other animals and plants were invariable,
the habits and organization of species would be modified by the influence of local revolutions.
" Now, if the first of these principles, eM ~ to
progreuifJe ~ were left to exert itself with
perfect freedom, it would give rise, says Lamarck, in
the course of ages, to a graduated scale of bew", where
the most inseDlible transition might be traced &om
the simplest to the most compound structure, &om
the humblest to the most exalted degree of intelligence. But, in consequence of the perpetual inter'_
ference of the ~ t:aUIe8 before mentioned, -this
regular order is greatly interfered with, and an approximation only to such a state of things is exhibited by
the animate creation, the progress of some races being
retarded by unfavourable, and that of others accelerated by favourable, combinations of circumstances.
Hence, all kinds of anomalies interrupt the continufty
of the plan; and chasms, into which whole genera or
families might be inserted, are seen to separate the
nearest existing portions of the series.
~
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, /AmtJ1vJ1'a tluNny ojtlUJ tral&8Jor1lUlfim& ojtlUJ OrangOutang iIIto tie human ~'-such is the machinery
of the Lamarckian system; but the re&:der will hardly,
perhaps, be able to form 8 -perfect conception of so
complicated a piece of mechanism, wiless it is exhibited
in motion, 80 that we may see in wbat manner it can
work out, under the author's guidBnce, all the extraordinary effects which we behold in the present state
of the animate creation. I bave only space for exhibiting a small part of tbe entire process by which a complete metamorphosis is achieved, and shall, therefore,
omit the mode by which, after a countless succession
of generations, a small gelatinous body is transformed
into an oak or an ape; passing on at once to the last
grand step in the progressi"e scheme, by which the
orang-outang, baving been already evolved .out of a
monad, is made slowly to attain the attributes and
dignity of man.
One of the races of quadrumanous animals which
had reached the highest state of perfection, lost, by
OODStnUnt of circumstances (concerning the exact oa'"
ture of which tradition is unfortunately silent), the
habit of climbing trees, and of hanging on by grasping
the boughs with their feet as with hands. The individuals of this race being obliged, for along series of
generations, to use their feet exclusively for walking,
and ceasing to employ their hands as feet, were transformed into bimanous animals; and what before were
thumbs became mere toes, no separation being required
when their feet were used solely for walking. Having
acquired a habit of holding themselves upright, their
legs and feet assumed, insenlJibly, a conformation fitted
to support them in an erect attitude, till at last these
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IP,limaIs co\1W BO longe. p on aD-fOllI'l widlo. much
~nveaience.

The Ango,la orang (SWia froglodp., l.ion.) is &be
~ perfec' of animalll; much more so tbaa ~e lndiaa
~ (Siaia Satgrw). wlaich Jus lleea calIecl the
~-outq,. ItltAough W

iaJ-rior

to IIJ8D
These aaimaJa &equently hold. theJDSelnl upright; but their
orgauization has. ROt 1JfJI been suflicieotly DIOdified to
sustain tbem habitually in. this attitude, so thal tlJe
..,ding poeture is very ~eaay to. them. When_
Iaclian o.rang is compelled to take tight trom preseiag
~ger, he immediately mUs down upon all-fours, showing clearly dull this was the original position of the
anQ}. Even. iD man, wJiole· orguizatiou, in _
cowse of a lon(t se_s of generatioas, has advaaced se
much futber, the upright poBtu.re is fatiguing, and cat
awe t1ety

iJA corporeal powers and inteUigeace.

be supported only for a limited time, and by aid ef
die coatradion of many muscle.. If till. ver.tebral
colU81D formed the· axis of the ~ bGdy, aDd' supported the head and, all ibe. other. parts ia equilibrium,
~en mig~ the upnight positioa be a state· of Pep06e:
Ht, as the human head does not articulate ill. the centre of gravity, as the eh. belly, and otber·part& prese
...most entirely. for:w.ard. with. their whole weight; and
IJ!l the vertebr.al column. reposes upon. an oblique. base,.
a wa1lchful activity is requilred to prevent the body
i'om' f81ling. Childr.en w.hich hPe large heads and
promiaent bellies can hardly walk at. the· end even- of
two years; and their frequent. tumbles indicate the
Qatura} tendency in man to resume the quadrupedal

state.
Now.. w.hen so much pl'Ogrea& had. been made·by the
quadrumanous animals before mentioned, that they
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~u1d hqld ~~v~

WlhibW.ly in an. ~~ ",titude,
wt;re ac~~s~ome~ to a llide ~aoge. of v~i~, 8Qd
ceased to Ulle tIl,~ir ja~" fo~ ¥,ting ¥d tearU;1g, or for
clipping hElfbs for food, their st:lO ut became gradually
s~orter, t~eir incisor ~th b~me v~r~ and ~
f~ial angle grew mor, open.
Among other ideas whil,:b ~e ~tural ~ ~
per.fectitm, engendere~ the desire Q£ Jlulli;Ig IUlJg~
itself, and this race succeeded at l~ in getting the
better of the other animals, and ma4e themselves masters of a,U those spots on the surface of the globe
which best suit~ th,D). They drove out thfl anima.Ja
which approached nearest them in or~ion 8Jld
intelligence, and which w~re ¥t a ~ndition to diapute with th~m ftbe good ~ings. 9f th~ world,
t;or.cing them to •
r,(uge ip ~serts, 'foods, ucJ
W(ilpemesses, w.h~e their multiplication W:~ checked,
cmd the prQgressi~e ~velqpJJlent 'of their faculties rewded; while, in the ~ til,tle, the dOD)ioant rac~
.pread itself in every direWon. IUld lived in large
(lOlIQP8Dies, wher'! new wuts were successively cr.eated, exciting them to indultry, and gradually perfectUIg tIleir meaus.lUld faculties.
In the supremacy and increased. intellige~ce acq.uired
by the ruling race, we see an illustration of. dle Datu~
ral tendency of the organic world to gro. D)Dre perfect; and, in their influeDce in repressing the advance
of oth.er.a, an example ofone. of thOJe dillturbmg. ~~
befOre epumerated, that force of ereterJtal. circumsta1U:8l,
which causes wch w;ide daaama ill the regultu' sene.
of animated. being.
When. the individuals of the. dominant ra~ became
very numerous, their ideas greatly increased in number, and they felt the nllcessity of communicating them
~d
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to each other, and of augmenting and varying the signs
proper for the communication of ideas. Meanwhile
'the inferior quadrumanous animals, although most of
them were gregarious, acquired no new ideas. beiDg
persecuted and· restless ~n the deserts, and obliged to
fly and conceal themselves, so that they conceived no
new wants. Such ideas as they already had remained
unaltered, and they could dispense with the communi'cation of the greater part of these. To make them'selves, therefore, understood by their fellows, required
'merely a few movements of the body or limbs-whistling, and the uttering of certain cries varied by the
inflexions of the voice.
On the contrary, the individuals of the ascendant
race, animated with a desire of interchanging their
ideas, which became more and more numerous, were
prompted to multiply the means of communication,
and were no longer satisfied with mere pantomimic
signs, nor even with all the possible inflexions of the
voice; but made continual efforts to acquire the power
of uttering articulate sounds, employing a few at first,
but afterwards 1'Brying and perfecting them according
to the increase .of their wants. The habitual exercise
their throat, tongue, and lips, insensibly modified the
conformation of these organs, until they became fitted
for the faculty of speech.·
, In effecting this mighty change, "the exigencies of
the individuals were the sole agents; they gave rise to
efforts, and the organs proper for articulating sounds
were developed by their habitual employmenL" Hence,
.in this peculiar race, the origin of the admirable faculty
of speech; hence also the diversity of lan~ages, since

of

• Lamarclr.'s PhiL Zool., tom.i. P. 856.
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the distance of places where the individuals composing
the race established themselves soon favoured the
corruption of conventioDal signs.In conclusion, it may be proper to obse"e that the
above sketch of the Lamarckian theory is no exaggerated picture, and those passsges which have probably
excited the greatest surprise in the mind of'the reader
are literal translations from the original. .
• Lamarc:lr.'s Phil. Zool., tom. i. p. 557.
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CHAPl'ER 11.
TRANSMUTATION OP SPECIES-continued.

Recapitulation of the arguments in (ayour or the theory of transmutation of species - Their insufficiency - Causea of difIiculty in discriminating species - Some yarieties possibly more
distinct than certain indiyiduals of distinct species (p.4S2.)Variability in a species consistent with " belief that the limits
of deviation are fixed- No facts of transmutation authenticated-Varieties of the Dog-The Dog and Wolf distinct
species - Mummies of yarious animals from Egypt identical in
character with livlng individuals (p.4S9.) - Seeds and plants
from the Egyptian tombs - Modifications produced in plants
by agriculture and gardening.
THE theory of the transmutation of species, considered in the last chapter, has met with some degree of
favour trom many naturalists, trom their desire to dispense, as far as possible, with the repeated intervention
of a First Cause, as often as geological monuments attest
the successive appearance of new races of animals and
plants, and the extinction of those pre.existing. But,
independently of a predisposition to account, if p0ssible, for a series of changes in the organic world by
the regular action of secondary causes, we have seen
that in truth many perplexing difficulties present themselves to one who attempts to establish the nature and
reality of the specific character., And if once there
appears ground of reasonable doubt, in regard to the
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cqJjI,Itaqcy qf specit)s, ,~e amount of trllm;formation
wh~cb th~y we qa~le of 1iU>dergqing may seem to
re~~lye it~cl,f into ,a mere question of the quantity ,of
l;iD\e as~igned to t~e past duratiQJ;l ofaniJJlate existence.
;Before entering ,upon the r~oJ)s which may be
~~u.ced fo': reject~ng Lamarck's hypothesis, I shall
recapitula~e, in a few words, the phenomena, and the
whole train of thQI,lgp.t, by wh~ch I conceive it to have
heen suggested, and which Eve gained for this and
analogous theories, both in ancient and modern times,
a pODsiderable Dumber of votaries.
In the first plll:Ce. the various groups into whicb
plants. and anj~ may be thrown seem almost invariably, to a beginner, to be so natural, that he is
usually convinced at first, as was Linna:us to the last,
'! that gepera l!oJ'e as much fQunded in nature as the
species which ,compose them.... WheD, by examining
Ihe DtpDerops interJJ)ediate gradation" ihe student
finds allline~ of dePlarcati.oD 'to be in most instances
apliterl,l.te4, eveD where they at 6rst appeared most
distinct, he grows more and more sceptical as to the
real existence of genera, and finally regards them as
mere arbi~rary and artificial signs, mvented, like those
wllich serve to disting~i~h the hj:lavenly constellations,
for the co~venienC#l of cllUlsificatiQu, and having as
li~tle pret~ions to reality.
Doubts are then engemleJ'ed in hill mind as to
whether species lP,ay DO~ also be equally unreal. The
s~udent is probaQJy fir!!t strupk with tll,e phenomenoD,
th/lt some ipclividu~ are ~ade to deviate widely from
.. Genus olDDe est nNurale, in primordio tale creatum, &c.
Phil. Bot. § 159. See also ibid. § 162.
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the ordinary type by the force of peculiar circumstances, and with the still more extraordinary fact, that
the newly acquired peculiarities are faithfully transmitted to the offspring. How far, he asks, may such
variations extend in the course of indefinite periods of
time, and during great vicissitudes in the physical condition of the globe? His growing incertitude is at first
checked by the reflection, that nature has forbidden
the intermixture of the descendants of distinct original
stocks, or has, at least, entailed sterility on their offspring, thereby preventing their being confounded
together; and pointing out that a multitude of distinct
types must have been created in the beginning, and
must have remained pure and uncorrupted to this
day.
Relying on this general law, he endeavours to solve
each difticult problem by direct experiment, until he is
again astounded by the phenomenon of a prolific
hybrid, and still more by an example of a hybrid perpetuating itself throughout several generations 10 the
vegetable world. He then feels himself reduced to
the dilemma of choosing between two alternatives;
either to reject the test, or to declare that the two
species, from the union of which the fruitful progeny
has sprung. were mere varieties. Ifhe prefer the latter, be is compelled to question the reality of the distinctness of all other supposed species which difFer DO
more 'than the parents 'of such prolific hybrids: for
although he may not be enabled immediately to procure, in all such instances, a fruitful offspring; yet
experiments ",how, that after repeated failures, the
unton of two recognized species may at last, under
very favourable circumstances, give birth to a fertile
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progeny. Such circumstances, therefore, the naturalist
may conceive to have occurred again and again, in the
course of a great lapse of ages.
His first opinions are now fairly unsettled, and every
stay at which be has caught has given way one after
another; he is in danger of falling in~ any new and
visionary doctrine which may ba presented to him; for
he now regards every part of the animate creation as
void of stability, and in a state of continual flux. In
this mood he encounters the Geologist, who relates to
him how there have been endless vicissitudes in the
shape and structure of organic beings in former ageshow the approach to the present system of things has
been gradual-that there has been a progressive d~.
velopment of organization subservient to the purposes
of life, from the most simple to the most complex
state-that the appearance of man is the last pheno.
menon in a long succession of events; and finally, that
a series of physical revolutions can be traced in the
inorganic world, coeval and coextensive with those of
organic nature.
These views seem immediately to confirm all his
preconceived doubts as to the stability of the specific
character, and he begins to think there may exist an
inseparable coqnexion between a series of changes in
the inanimate world, and the capability of the species
to be indefinitely modified by the influence of external
circumstances. Henceforth his speculations know no
definite bounds; he gives the rein to conjecture, and
fancies that the outward form, internal structure, instinctive faculties, nay, that reason itself may have
~en gradually developed nom some of the simplest
states of existence- that all animals, that man himself,
and the irrational beings, may have hJld one commqn
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origin; that all may be parts of one continuous and
progressive scheme of development, from the most
imperfect to the more complex; in fine, he renounces
his belief in the high genealogy of his species, and
looks furward, as if in compensation, to the future
perfectibility of man in his physical, intellectual, and
moral attributes.
Let us now proceed to consider what is defective
in evidence, and what fallacious in reasoning, in the
grounds of these strange conclusions. Blumenbacb
judiciously observes, that "no general rule can be laid
down for determining the distinctness of species, as
there is no partic~ class of characters which can
serve as a criterion. In each case we must be guided
. by analogy and probahility." The multitude, in fact,
and complexity of the proofs to be weighed, is so
great, that we can only hope to obtain presumptive I
evidence, and w~ must, therefore, be the more careful
to derive our general views as much as possible from I
those observations where the chances of deception are
least. We must be on our guard not to tread in the
footsteps of the naturalists of the middle ages, who be-I
lieved the doctrine of spontaneous generation to be
applicable to all those parts of !he animal and vegetable
kingdoms which they least understood, in direct con·
tradiction to the analogy of all the parts best known
to them; and who, when at length they found that
inseCts aild cryptogamous plants were also propagated
from eggs or seeds; still perSisted in retaining their
old prejudices respecting the infusory anirnalcules and
other minute beings, the' generation of which had not
then been demonstrated by the microscope to' be go.
verned by the sinne laws;'
Lamarck'hu; indeed,' attempted to raise an afgument
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in favour of his sy8tem~ out of the very confusion
which has arisen iD the study of some orders of animals
and plants, in consequence of the slight shades of difference which separate the new species discovered
within the last half century. That the embarrassment
of those who attempt to clallsifY and distinguish the
new acquisitions, poured in· such multitudes into our·
museums, should increase with the augmentation of
their number, is quite natural; since to obviate this it
is not enough tbat·our powers ot'discrimination should
keep pace with the· increase of the objects, but we
ought to poss~'-.greater opportunities of studying each
animal.and plant in all stages of its growth, and to
know profoundly their history, their habits, and physiological characters, throughout several generations;
for, in proportion as the series of known animals
grows more complete, none can doubt that there is a
nearer approximation to a graduated scale of being;
and thus the most closely a11ied species will be found
to possess a greater number of charactets in common.
CaUsetJ of tile diflWulty of discriminating species. ~.
But, in point of fact, our new acquisitions consist,
more and more as we advance, of specimens brought
from foreign and often very distant and barbarous
countries. A large proportion have never even been
seen alive by scientific inquirers. Instead of having
specimens of the young, the adult, and the aged individuals of eaeh sex, and possessing means of investi~ting the anatomical structure, the l1eculiar habits,
and· instincts of each, what is . usually the state of our
information r A single specimen, perhaps, of a dried·
[)lant, or a -stuffed bird or quadruped; a she)), without
the soft parts of the anim~l; an insect in one stage of
.f8 numerous transfor~atieDs; - these ·...e the scanty
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and imperfect data which the oaturalist poueues.
Such information may enable us to separate species
which stand at a considerable distance from each other;
but we have no right to expect any thing but difticulty
and ambiguity, if we attempt, from such imperfect
opportunities, to obtain distinctive marks for defining
the characters of species which are closely re1ated.
If Lamarck could introduce 80 much certainty and
precision into the classification of several thousand
species of recent and fossil shells, notwithstandiBg
the extreme remoteness of the organizati9n of these
animals from the type of those vertebrated species
which are belt known, and in the absence of so Bl8Dy
of'the living inhabitants of shells, we are led to form
an exalted conception of the degree of exactness ID
which specific distinctions are capable of being carried,
rather than to call in question their reality.
.
When our data are so defective, the most acuII
naturalist must expect to be 80metimes at fault, 8D~
like the novice, to overlook essential points of dift'er·
ence, passing unconsciously from one species to 811'
Qther, until, like one who is borne along in a c~
he is astonished, on looking back, at observing that IN
has ~eached a point 80 remote from that whence Iu
set out.
It.is by no means improbable, that, when the serie
of species of certain genera is very full, they may b
found to differ less widely from each other than do th
mere varieties or races of certain species. It such
, fact could be established, it would, undoubtedly, dim
nish the chance of our obtaining certainty iD 01
results; but it would by no means overthrow our COl
fidence in the reality of species.
.Some men/ ""rielie8 pouibl!l moN disti1lct tAan QJf"I.a
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ifllllWidtIIJIs of distind 8peCies. - It is almost kAeq:;'As:s"rYk
indeed, to suppose that varieties will differ in some
Cik"es more decidedly than some species, if we admit
t1:££t the'A" i" a
'ACai,k
being, and assume
dkgt the foUktwigg lawt
ig th" ee",n"my of th"
~"limkkt,e cregtiog : ~ fik~i3t, rhki$: the
OF m~
dividuals is capable of· beinfi modified to a limited
extent by the force of external causes; secondly, that
these modificatiuns are, to a certain extent, trinsmisihat there are fixed
sible to tbeE" oibtpfing ;
lirnit"7 beytmd
the desee£kdaets frmn eemmog
p"rents Gan rkeVel: deviete from a eertiin
that each species springs from one ongleal ±±toGk,
can never be permanently confounded by intermixing
with the progeny of any other stock; fifthly, that each
sfeecies ihaH endu"G fer a £koxk"idt:":Iable period of time.
NiPw k let us k1s;s"me, fm: the p:Iest:"nt, the5ke eulef: hy""pothketically, agd ;see whet coniequen£:es m"y netuiclly
~ expected to result from th'km~
We must suppose that, when the Author of Naturu
creates an animal or plant, all the possible circumstim£:eS mmce
hescendants are destined to live
ae" fore;Seetk, end thet edC'1 erganizetion i" ccmf:Xk"red
unon it whieh win enabln the ipeeies to
i~nelfi and survive under ell the c~rying cb:;umstance;s
to which it must be inevitably exposed. N,:xw, thk~k
range of variation of circumstances will differ essentially in aIrnost every case. Let us take, for example,'
any nne of the mOf3t infiuentigl cnndi£ions of existence,
SiBt:kh af:
In 5kOme ixteklsice disidcte
[lear thn eq££atcr, the thermllmklter might lleuernary,
~hroughout several thousand centuries, fOk" mt7re tban
ZOo Fahrenheit; so that if a plant or animal be prorided wi~h an organization fitting it to endure luch a
u

[Boor

I'IlII&Er it may EontiErnr on
globe for thEE iJlHll(EE
period, although every ioYiviYual Eright
liable
once to be cut oft' by the least p088ible excess of heat
or
thE fete?"rEL?"rate
But
species be placed in one of the temperate zones, and
hav?"
conEtitution conferred on it capable of sll¥'
porrlEY a Ern£far E'?"££ge of"
it
inevitably perish before a tingle year has passed away.
Yinn£boldt has
at C£,mana, -;thin
tropi?"&, then£ is
Yift'eren£:;n of
fOEE degr~~~
(Fahr.) between the temperature of the wannest and !
coldnnt mOEd£E ; wdnR'nas at fiuebee Eed
in
temperate zones, tbe annual variation amounts to
about 600 •
samnR'emaE'f" might de apl£lind to Rilik±y
condition, as food, for example: it may be foreseeu
that kil£e
wiH
redEzar thrnnghont indeHnil£
in
part
the
in £rn£££thel'
precarious and fluctuating both in kind &Dd quantity.
DidHn;nt
mad
re±IEired
eDa&Hi£S
l!pecies to live for a considerable time under circuar
stances so changeable. If, then, temperature and food
be emong ttnse eetnrnal Eeeses
?"£nEordinl£
certain laws of animal and vegetable physiology,
the £:;EganiEntion,
or fanultikin kif ikidii±
we in£tantly
that tl£?" degr±££~£E' of
bility from a common standard must differ widely i
the ,£eo CasEi abovn
sine££ there
a
sity of accommodating a species in one case to a mm
greater latitude of circumstances than in the other.
be
fJl' instan±;£,££ thl££ Ecanty nusteJ££££j
~hould check those individuals in their growth wM
are neabled tsE accernmoda~e themJElves to l£±rhrntio
of
and tbat a l£l£l££ent£
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JPanlJer froUl. attaining the size proper to its species,
should produ~e a dwarfish oft"spring, a stunted race
wiU arise, as ill reQUlrkably exemplified in some varietiel o( the horae and dog. The dift"erence of stature
in liOl1Je r.aces of dogs. when compared to others,
i, as one to five in linear diJDeDsione, making a dift"erenee of a hundred-fold in volume.· Now, there is
good reasOD to believe that species in general are by
IN means sus.ceptible of existing under· a diversity of
cUr.cumatances, which may give rise to such a disparity
in size, and, cODsequently, there will be a multitude of
distinct species, of which no two adult individuals can
ever depart so widely from a certain standard of dimensions as the mere varieties of certain other speciesthe dog, for mstaoce. NOIF, we have only to suppose
that what is true of size, may also hold in regard to
colour and many other attributes; and it will at once
follow. that the degree of possible discordance between
varieties of the same species may, in certain cases,
exceed the utmost disparity which can arise between
two indivjduals of many distinct species.
The 88De remarks may hold true in regard to
instincts; for, if it. be foreseen that one species willhave to encounter a great "..iety of foes, it may be
necessary to arm it with great .cunning and circumspection, or with courage or other qualities capable of
developiJJg tbemselves on certain oecasioDs; such, for
ex~ple. as those migmtory instincts which are 80,
r.emarkably e¥hibited at p81'ticul8l' perioo., after they
have r.emWAtld donneat for many generations. Thehistory anel. habits of ODe ,.ar~ of Buch a species mar
often dift"er more considerably from some other than
• Cuner, DiK. PreIim., p.ISS. sixth ediUOD.
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those of many diatinct .pecies which have no such
latitude of accommodation to circumstances.
B~ of Anoum fKJriIIbilitg in '1**' - Lamarck
has somewhat militated the idea commonly enter·
tained of a species; for it i. not true that naturalists ill
general assume that the organization of an animal m
plant remains absolutely constant, and that it can never
vary in any of its parts.· All must be aware that cir.
cumstances influence the habits, and that the habitI
may alter the state of the parts and organs; but the
difference of opinion relates to the extent to which
these modifications of the habits and organs of a par.
ticular species may be carried.
Now, let us first inquire what positive filets can be
adduced in the history of known species, to estabIiIh
a great and permanent amount of change in the form,
structure, or instinct of individuals descending from
some common stock. The best authenticated eX8ID~es
of the extent to which species can be made to vary
may be looked for in the history of domesticated animals and cultivated plants. It usually happens, thaI
those species, both of the animal and vegetable kiDg.
dom, which have the greatest pliability of organizatiOllt
those which are most capable of accommodating themselves to a great variety of new circumstances, &If
most serviceable to man. These only can be canied
by him into different climates, and can have their properties or. instincts variously diversified by difFerences
of nourishment and habits. If the resources of I
species be so limited, and its habits and faculties be rJ.
such a confined and locpl character, that it can cmIy
• Phil. Zool., tom. i. p. SS6-
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flourish in a few particular spots, it can rarely be of
great utility.
We may consider, therefore, that, in perfecting the
arts of domesticating animals and cultivating plants,
mankind have first selected those species which have
the most flexible frames and constitutions, and have
then been engaged for ages in conducting a series of
experiments, with much patience and at great cost, to
.ascertain what may be the greatest possible deviation
from a common type which can be· elicited in these
extreme cases.
Varietiu of tke dog-no tmmmtJlation.- The modifications produced in the different races of dogs
exhibit the influence of man in the most striking point
of view. These animals have been transported into
every climate, and placed in every variety of circumstances; they have been made, as a modem naturalist
observes, the servant, the wmpanion, the guardian.
and the intimate friend of man, and the power of a
.superior genius has had a wonderful influence, not only
on their forms, but on their manners and intelligence."
Different races have undergone remarkable changes in
the quantity and colour of their clothing: the dogs of
Guinea are almost naked, while those of the arctic
circle are covered with a warm coat both of hair and
wool, which enables them to bear the most intense cold
without inconvenience. There are differences also of
another kind no less remarkable, as in size, the length
of their muzzles, and the convexity of their foreheads.
But, if we look for some of those essential changes
which woul4 be required to lend even the semblance
•

Dp~.

!le la Malle, Ann. ch!s Sci. Nato, tom. ni. p. 65.
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of a foundation for the theory of Lamarck, respectiIg
tbe growtb of new organs and tbe gradual ob1ite.
of others, we find nothing of tbe kind. For, in all tlIese
varieties of the dog. says Cuvier, tbe relation of lilt
bones with each other remains ell8entially the same;
the form oftbe teeth never changes in any peroeptib~
degree, except that, in some individuals, one additionll
false grinder occasionally appea1'l, sometimes OD the
one side, and sometimes on the otber.. The greatest
departure from a common type -and it constitutes the
maximum of variation aa yet known in the animal
Jcingdom-is exemplified in tbOle races of dogs which
have a supernumerary toe on the bind foot Witll the
corresponding tarsal bones; a variety analogous to one
presented by six-fingered families of tbe human race.t
Lamarck has thrown out aa a conjecture, that the I
wolf may bave been the original of the dog; but be I!aI
adduced no data to bear out such an hypothesis. "The
wolf," observes Dr. Prichard, "and the dog differ, DOl
only with respet:t to their habits and instincts, whiclt
in the brute creation are very uniform within the limits I
of one species; but some difFerences have also been
pointed out in their internal ol"ganization, particularly
in the structure of a part of tbe intestinal canal."t I
Domestic ani11ll.l18 in South Amt'I'ietJ lunJe '1"eWrled"
tluJir original clJaracf8r. - It is weD known that tilt
horse, the ox, the boar, and otber domestic animab,
which have been introduced into South America, and
have run wild in many parts, have entirely lost all
marks of domesticity, and have reverted to the original
characters of tbeir species. But dogs have also becomt
1

·1

• Disc:. Prt!l., p. 129. sixth edition.
t Ibid•
• Pridwd, Ph)'s. Hi.t. of Mankind, 't'01. i. P. H., who ~
ProfellllOl' Giildeftstiidt.
.
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wild ia Cuba, Hayti, and in all the Caribbean islands.
In the course of the seventeenth century, they hunted
in packs from twelve to fifty, or more, in number, and
fearlessly attaUed herds of wild boars and other animals. It is natural, therefore, to inquire to what fonn
they reverted? Now, they are said by many travellers
to have resembled very nearly the shepherd's dog;
but it is certain that they were neTer turned into
wolves. They were extremely savage, and their
ravages appear to have been as much dreaded as those
of wolves; bllt when any of their whelps were callght,
. and brought from the woods to the towns, they grew
up in the most perfect submission to man.
Mltmmiel r!' animal8 in Egyptian tomhs identical with
8J*ie6 aliU living. - As the advocates of the theory
of transmutation trust much to the slow and insensible
changes which time may work, they are accustomed
to lament the absence of accurate descriptions, and
figures of particular animals and plants, handed down
:from the earliest periods of history, such as might
have afforded data for comparing the condition of sp~
cies, at two periods considerably remote. But, fortunately, we are in some measure independent of such
evidence; for, by a singular accident, the priests of
Egypt have bequeathed to us, in their cemeteries.
that information which the museums and works of the
Greek philosophers have failed to transmit.
For the careful investigation of these documents, we
are greatly indebted to the skill and diligence of those
naturalists who accompanied the French armies during
their brief occupation of Egypt: that conquest of four
years, from which we may date the improvement o(
the modem Egyptians in the arts and sciences, and
the rapid progress which has been made of late in our
u4
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knowledge of the arts and scienc:ea of their remote
predece88Ol'8. IDstead of wastiDg their whole time, IS
so many precediDg travellers bad done, in excllllively
collectiDg human mummies, M. Geoffroy and his ....
ciates examiDed diligently, and sent home great n_
bers of embalmed bodies of consecrated animal&, suck
as the bull, the dog, the cat, the ape, the ichneumoo,
the crocodile, and thb ibis.
.
To those who have never been accustomed to coonect the facts of Natural History with philosophical
speculations, who have never raised their conceptioos
of the end and import of such studies beyond the mere
admiration of isolated and beautiful objects, or the ex·
ertion of skill in detecting specific differences, it will
seem incredible that amidst the din of arms, and the
stirriDg excitement of political movements, 10 much
enthusiasm could have been felt in regard to these
precious remains.
In the official report, drawn up by the Professon rJ.
the Museum at Paris, OD the value of these objects.
there are some eloquent passages, which may appeII
extravagant, unleu we reflect how fully these natural·
ists could appreciate tbe bearing of the facts thus
brought to light on the past history of the globe.
"It seems," say they, "as if the superstition of the
ancient Egyptians had been inspired by Nature, with
a view of transmitting to after ages a monument oCher
history. That extraordinary and whimsical people, by
embalming with so much care the brutes which were
the objects of their Itupid adoration, have left us, in
their sacred grottos, cabinets of zoology almost COIJlo
plete. The climate has conspired with the art of
embalming to preserve the bodies from corruption, and
we can now assure ourselves by our own ey~ what
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the state of a great number of species three thousand years ago. We can scarcely restrain the transports of our imagination, on beholding thus preserved,
with their minutest bones, with the smallest portions
of their skin, and in every particular most perfectly
recognizable, many an animal, which at Thebes or
Memphis, two or three thousand years ago, had its own
priests and altaTs.·
Among the Egyptian mummies thus procured were
not only those of numerous wild quadrupeds, birds,
and reptiles; but, what was perhaps of still higher
importance in deciding the great question under discussion, there were the mummies of domestic animals,
among which those above mentioned, the bu11, the dog,
and the cat, were frequent. Now, such was the conformity of th~ whole of these species to those now
living, that there was no more difference, says Cuvier,
between them than between the human mummies and
the embalmed bodies of men ofthe present day. Yet
·some of these animals have since tbat period been
transponed by man to almost every climate, and forced
to accommodate their habits to the greatest variety of
circumstances. The cat, for example, has been carried
over the whole earth, and, within the last three centuries, has been naturalized in every part of the
new world,-from the cold regions of Canada to the
tropical plains of Guiana; yet it has scarcely undergone any perceptible mutation, and is still the same
animal which was held sacred by the Egyptians.
Of the ox, undoubtedly, there are many very distinct
races: but the bull Apis, which was led in solemn
1J88

• ADD. du MURUID d'Hist., Nat., tom. i. p. 284. 1802.

The

reporters were MM. Cu,ier, Lac:q,ede. and Lemarck.
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proceaions by tbe Egyptian priests, did not differ &om
some of tbose DOW living. The black cattle that have
run wild in America, where there were many peculi.
arities in the climate not to he fouad, perbaps, in any
part of the old world, and wbere scarcely a aingle
plant on wbicb they fed was of precisely the same
species, instead of altering tbeir form and habits,
have actually reverted to tbe exact. likeneu of the
aboriginal wild cattle of Europe.
In answer to the arguments drawnUom the Egyptian
mummies, Lamarck uid that they were identical with
their living descendants in the same country, because
the climate and physical geography of the banks of
the Nile have remained unaltered for the last thirty
cen~uries.
But wby, it may be asked, have other
individuals of these species retained the same charac·
ters in so many different quarters of the globe. where
the climate and many other conditions are so varied?
Seeds and planta.from tlre Egyptian tombs. - The
evidence derived from the Egyptian monuments was
not confined to the animal kingdom; the fruits. seeds,
and other portions of twenty different plaots. were
faithfully preserved in the same manner; and among
these the common wheat was procured by Delille, from
closed vessels in the sepulchres of the kings, the
grains of which retained not only their form, but even
their colour; so effectual has proved the process of
embalming with bitumen in a.dryand equable climate.
No difference could be detected between this wheat
and that which now grows in the East and elsewhere,
and similar identifications were made in regard to all
the other plants.
Native cOfJ/ntrll of tlre common wAeat.- And here I
may observe. that there is an obvious aDswer 1:0 La-
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marck's objection, that the botanist cannot point out

a country where the common wheat grows wild, unless
in places where it may have been 4erived from neigh, bouring cultivation.- All naturalists are well aware
that the geographical distribution of a great number of
species is extremely limited; that it was to be expected
that every useful plant should first be cultivated successfully in the country wher~it was indigenous; and
that, probably, every station which it partially occupied, when growing wild, would be selected by the
agriculturist as best suited to it when artificially increased. Palestine has been conjectured, by a late
writer on the Cerealia, to have been the original
habitation of wheat and barley; a supposition which
appears confirmed by Hebrew and Egyptian traditions,
and by tracing the migrations of the worship of Cerea,
as indicative of the migrations of the plant.t
If we are to infer that some one of the wild grasses
has been transformed into the common wheat, and that
some animal of the -genus canis, still unreclaimed, has
been metamorphosed into the dog, merely because we
cannot find the domestic dog, or the cultivated wheat,
in a state of nature, we may be next called upon to
make similar admissions in regard to the camel; for it
seems very doubtful whether any race of this species
of quadruped is now wild.
CIumga in pltmts produad by cultivation.-But if
agriculture~ it will be said, does not supply examples
of extraordinary changes of form and organization, the
horticulturist can, at least, appeal to facts which may
• PhiL Zool. tom. i. p. 227 •
... L 'Origine et la P!ltrie des O!reaIes, &c., Ann. des Scl. Nat.,
tolD. is. p. 61.
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confound the preceding train of reasoning. The crab
hae been transformed into the apple; the sloe into the
plum: Sowers have changed their colour, and become
double; and theae new characten can be perpetuated
by aeed: a bitter plant, with wavy aea-green leaves,
has been taken from the aea-side. where it grew like
wild charlock; has been tranaplanted into the garden,
lost its saltneu. and has been metamorphosed into two
distinct vegetables, &8 unlike each other as is each to
the parent plant- the red cabbage and the cauliflower.
Tbeae, and a multitude of analogous facts, are undoubtedly among the wonden of nature, and attest more
.trongly, perhaps, the extent to which species may be
modified, than any examplea derived from the animal
kingdom. But in these cases- we find that we soon
reach certain limits, beyond whi~h we are unable to
cause the individuals descending from the same stock
to vary; wbile, on the other band, it is easy to show
that these extraordinary varieties could seldom arise,
and could never be perpetuated in a wild state for
many generations, under any imaginable combination
of accidents. They may be regarded &8 extreme cases,
brought about by human interference, and not as
phenomena which indicate a capability of indefinite
modification in the natural world.
The propagation of a plant by buds or gra~ and
by cuttings. is obviously a mode which nature does
not employ; and tbis multiplication, al well as that
produced by roots and layers, seems merely to operate
as an extension of the life of an individual, and not as
a reproduction of the species such &8 happens by seed.
All plants increased by grafts or layers retain precisely the peculiar qualities of the individual to whicll
they owe their origin, and, like an individual, they
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have only a determinate existence; in ,some C!lS8S
longer, and in others shorter.- It seems now admitted
by horticulturists, that nOIl, of our garden varieties
of fruit are entitled to be considered strictly permanent, but that, they wear out after a time t ; and we are
thus, compelled to resort again to seeds: in which case
there is so decided a tendency in the seedings to revert to the original type, that our utmost akill is aome.
times bafHed in attempting to recover the desired
variety.
Varieties of the caUoge.-The diJFerent races of
cabbagea afford, as was admitted, an astonishing example of deviation from a common type; but we can
scarcely conceive them to have originated, much less
to have lasted for severaJ generations, without the
intervention of man. It is only by strong manures
that these varieties have been obtained, and in poorer
soils they instantly degenerate. If, therefore, we suppose in a atate of nature the seed of the wild Brassica
oleracea to ha,ve been wafted from the sea-aide to some'
spot enriched by the dung of animals, and to have
there become a cauliflower, it would soon diffuse its
seed to some comparatively sterile soils around, and
the offspring would relapse to the likeness of the
parent stock, like some individuals which were seen
growing, in 1831, on the cornice of old London
Bridge.
But if we go so far aa to imagine the soil, in the
spot first occupied. to be constantly manured by herds
of wild animals, so as to continue as rich as that of a
garden, still the variety could not be maintained; because we know that each of these races is prone to
.. Smith's Introduction to Botany, p.J88. Edit. 1807•
... See Mr. Knight's Obsenatiom, Hort. Traus., vol.ii. pol60.
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fecuDdate oth~n, aod gardeners are compelled to exert
the utmoet diJigence to prevent cross-breeds. The
intermixture of the poRen of varieties growing in the
poorer lOil around would lOOn destroy the peculiar
characters of the race which occupied the highly maDored tract; for, if these accidents 10 continaaDy
happen, in spite: of our care, among the culinary '91lrieties, it it eay to see bow lOOn this cause might
obliterate every marked singularity in a wild state.
Besides, it is well known that, although the pam.
pered races which we rear in our gardens for use 01'
ornament may often be perpetuated by seed, yet they
rarely produce seed in such abundance, or 80 prolific
in quality, as wild individuals; 10 that if the care of
man were withdrawn, the most fertile variety 'Would
always, in the end, prevail over the more sterile.
Similar remarks may be applied to the double flowers,
which present such strange anomalies to the botanist.
The ovarium, in such cases, is frequently abortive;
and the seeds, when prolific, are generally much fewer
than where the flowers are single.
CAangu carued by lOil.-Some curious experiments,
recently made on the production of blue instead of
red flowers in the Hydrangea hortensis, illustrate the
immediate effect of certain soils on the colours of the
calyx and petals. In garden-mould or compost, the
flowers are invariably red; in some kinds of bog-earth
they are blue; and the same change is always produced by a particular sort of yellow loam.
Varieties of the primrore.-Linnll!us was of opinion
that the primrose, oxlip, cowslip, and poly.thus,
were only varieties of the same species. The majority
of modem botanists, on the contrary, consider them to
be distinct, although some conceived that the oxlip
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might be a crosa between the -cewslip and the priM"
rose. Mr. Herbert has lately ~rded the followiDg
experiment: - " I raised from the .atural seed of one
umbel of a highly manured red cowmp a primrose, a
cowslip, oxlips 'Of the usual and other colours, a blaclt
polyanthus, a hose-in-hose cowslip, and a natural prim~
rose bearing its flower on a polyanthus stalk. From
the seed of tbat very hose-in-hose cowslip, I ha:e
since raised a hose-in-hose primrose. I therefore consider all these to be only local varieties, depending
upon soil and situation.... Professor Henslow, of Cambridge, has since confirmed this experiment of Mr.
Herbert; so that we have an example, not only of the
remarkable varieties which the florist can obtain from
a common stock, but of the distinctness of analogous
races found in a wild state. t
On what particular ingredient, or quality in the
earth, these changes depend, has not yet been aScertained.t But gardeners are well aware that particular
plants, when placed under the influence of certain circumstances, are changed in various ways, according to
the species; and as often as the experiments are repeated, similar results' are obtained. The nature of
these results, however, depends upon the species, and
they are, therefore, part of' the specific character: they
exhibit the same phenomena again and again, and
indicate certain fixed and invariable relations between
the physiological peculiarities of the plant, and the
influence of certain external agents. They afford no
ground for questioning the instability of species, but
• Hort. Trans., vol. iv. p. 19.

t Loudon's Mag. of Nat. Hist., Sept. 1830, voL iii. p. 408.
Hort. Trans. voL iii. p. 178.

*
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rather the contrary: they present ~ with a cl81111 of
pbenomena which, when they are more thoroughly
undentood, may afFord IOme of the beat tests tOr identifying species, and proving that the attnoutes originally conferred endure 10 long as any issue of the original stock remains upon the earth.
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CHAPTER Ill.
WHETHER SPECIES HAVE A REAL BXlBTENOE IN NATVBE-

continued.
Variability or a species compared to that or an individual- Species
susceptible or modification may be altered greatly in a short
time, and in a few generations; after which they remain stationary - The animals now subject to man had originally an
aptitude to domesticity - Acquired peculiarities which become
hereditary have a close connexion with the habits or instincts of
the species in a wild state (p. 459.) - Some qualities in rertain
animals have been conferred with a view of their relation to
man - Wild elephant domesticated in a few years, but its faculties incapable of further development (p. 461'.).

Variability of a qJeCies compared to tJuzt of an individual.- I ENDEAVOURED, in the last chapter, to show,
that a belief in the reality of species is not inconsistent
with the idea of a considerable degree of variability in
the specific character. This opinion, indeed, is little
more than an extension of the idea which we must
entertain of the identity of an individual, throughout
the changes which it is capable of undergoing.
If a quadruped, inhabiting a cold northern latitude,
and covered with a warm coat of hair or wool, be
transported to a southern climate, it will often, in the
course of a few years, shed a considerable portion of
ita coat, which it gradually recovers on being again
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restored to its Dative country. Even there the same
changes are, perhaps, superinduced to a certain extent
by the return of winter and summer. We know that
the Alpine bare, (Lepru mriabiliB, Pal.,) and the ermine,
or stoat, (M.-la erminea, Linn.,) become white during
winter, and again obtain their full colour during the
warmer aeaaon; that the plumage of the ptarmigan
undergoes a like metamorphosis in colour and quantity,
and that the change is equally temporary. We are
aware tbat, if we reclaim some wild animal, and modify
its habits and instincts by domestication, it may, if it
escapes, become in a few years nearly as wild and
untractable as ever; and if the same individual be
again retaken, it may be reduced to its former tame
state. A plant is placed in a prepared soil, in order
that the petals of its flowers may multiply, and their
colour be heightened or changed; if we then withhold
oar care, the flowers of this same individual become
again single. In these, and innumerable other instances, we must suppose that the individual was produced with a certain number of qualities; and. in the
case of animal., with a variety of instinct., some of
which lDay or may not be developed according to circumstancea, or which, after having been called forth,
may again become latent whea the excitiDg causes are
removed.
Now, the formation of races seems the necessary
consequence of IU'Ch a capability in individuals to
vary, if it be a general law that the ofFspring should
very closely resemble the parent. But, before we can
infer that there are no limits to the deviation from an
original type which may be brought about in the COlll"8e
of an indefinite number of generations, we ought to
...... have some
. proof that, ill each successive generatioo.
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individuals may go on acquiring an equal amount at
Dew peculiarities, umler the inftuence of eq1ia1 changel
of circumstances. The balance of evidence, bewever,
inclines most decidedly on the opposite Bide; for iD aB
,cases we find that the quantity of divergence dimiDishes from the first in a very rapid ratio.
Species ~ of modifier.rtims may he greatly
IIltered in a fow ~.-It cannot be object~
that it is out of our power to go on varying the circumstances in the same maDDer as might happen in the '
natural course of events during some great geological
cycle. For in the first place, where a capacity is giveIl
to individuals to adapt themselves to new circumstances, it does not generally require a 'fery long
period for its development; if, indeed, such were the
case, it is not easy to see how the modification would
answer the ends proposed, for all the individuals would.
die before new qualities, habits, or instincts wert
conferred.
, When we have succeeded in naturalizing IIOIRe tr0pical plant in a temperate climate, nothing prevents
us from attempting gradually to extend ihl distribution
to higher latitudes, or to greater elevations above the
level of the Ilea, allowing equal quantitiell of time, or
an equal Dumber of generations, for habituating the
species to successive increments of cold. nut every
husbandman and. gardener is aware that lIuch experi.
ments will fail; and we are more likely to succeed in
making some pJanti, in the coune of the first two
generations, support a considerable degree of dift'erence
of temperature tban a very IImall difference afterwarda,
though we persevere for many centuries.
It ill the lfame if we take any other caulle ini'tead or
t.emperaturt; aoch all the quality of the food, or tbe
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tiDd of daDpn to which an animal is exposed, or the
.oil in which a plant lives., The alteration in habits,

- . , or orpoization, is often npid during a abort
period; but when the circumltancea are made to vary
further, though in ever 10 slight a degree, all modification ceases, and the individual perishes. Thus some
herbivorous quadrupeds may be made to feed partially
OD fish or Seah; but even these can never be taught to
live OD aome herbs which they reject, and which would
even poison them, although the same may be very
nutritious to other species of the same natural order.
&, when man uses force or stratagem against wild
animaJa, the persecuted race 800n becomes more cautious, watchful, and cunning; new instincts seem often
to be developed, and to become hereditary in the first
two or three generations: but let the skill and address
of man increase, however gradually, no further variation can take place, no new qualities are elicited by
the increasing dangers. The alteration of the habits
of the species has reached a point beyond which
no ulterior modification is possible, howeser indefinite
the lapse of ages during which the new circumstances
operate. Extirpation then follows, rather than such a
transformation as could alone enable the species to
perpetuate itself under the new state of tWogs.
.&ainllll8 nolO . . . . to _lad origiftally an aptitut/l
to domutiei.fg.-It has been well observed by M. F.
Cuvier and M. Dureau de la Malle, that, unless some
animals had manifested in a wild state an aptitude to
second the elForts of man, their domestication would
never have been attempted. If they had alll'esembled
the wolf, the .fox, and the hylleDa, the patience of the
experimentalist would have been exhausted by innumerable failures before he at last succeeded in obtain-
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fug some imperfect results; so, if the first advantages
derived from the cultivation of plants had been elicited
by as tedious and costly a process as that by which we
now make some slight additional improvement in certain races, we should have remained to this day in'
ignorance of the greater number of their useful
qualities•
.A.cquired instincts of some animals become Aeredi..
tary.-It is undoubtedly true, that many new habits
and qualities have not only been acquired in recent
times by certain races of dogs, but have been trans-'
mitted to their oft'spring. But in these cases it will
be observed, that the new peculiarities have an intimate relation to the habits of the animal in a wild
state, and therefore do not attest any tendency to departure to an indefinite extent from the original type
of the ?pecies. A race of dogs employed for hunting
deer in the platform of Santa Fe, in Mexico, aft'ords a
beautiful illustration of a new hereditary. instinct.
Th~ mode of attack, observes M. Roulin, which they
employ, consists in s~izing the animal by the belly and
overturning it by a sudden eft'ort, taking advantage of
the moment when ~he body of the deer rests only upon
the fore-legs. The weight of the animal thus thrown
over is often six times that of its antagonist. The
dog of pure breed inherits a disposition to this
kind of chase, and never attacks a deer from before
while running. Even should the deer, not perceiving
him, come directly upon him, the dog steps aside and
makes his assault on the flank; whereas other huntingdogs, though of superior strength and general sagacity,
which are brought ftomEurope, ate deatitute of this in.
stinct. For want of similar precautions, they are

Digitized by

Google

(.5t

[IaK Ill:

ACgt7IBBD DlB'J.'IJrC'l'B IlEBEDITAllY.·

efta killed by the deer OD the apot, the verteln 01
their neck beiag dialocated by the violence of the
Ibock..
A MW iDlliDct has alao become hereditary in a. .
pI race of dogs employed by the inhabitants of the
banks of the Magdalena almost exclusively in h1Blriac
the wbite-lipped pecari. The address of theae drf
oouiats ia restraiaiDg their 81'dour, aad attII:biJg
themselves to DO uiaal in particular, but keepiugit
whole herd ill check. Now, among these doge_
are fOUDd, which, the very first time they are tikeetil
the wooda, are acquainted with this mode of_i
whereas, a dOg of another breed starts forward at 0IIftt
is surrounded by the pecari, and whatever may be his
strength is deltroyed in a moment.
Some of our countrymen, engaged of late ia 01ducting one of the principal mining associatiooJ iI
Mexico, that of Real del Mo.te, carried out yiI
them some English greyhounds of the beat ~.
hunt the hares which abound is that country. I'll
great platform whio1l is the scene of sport is 11'
elevation of about nine thousand feet above the Jtr~
of tbe sea, and the mercury in the barometer'habitually at the hei~t of about DineteeD ~
It was found that the greyhounds could Dot !If
port the fatigues of a long chase in this aueauared
atmospbere, and before they cuuld come up wiIi
t.1leir prey, they lay down gasping for brel&hi!lll
these same ·aaimala have produced wheJps which hall
groWl!. up, and are .ot in the leut degree memoOed by the want ofderWty in the air, but J'UIldof:
• M. Boullo, .A.Dn. _

Sei. lIlat.. tom.:&1'1. p.l6.
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the hares with ai much eue as the 8eetest of their race
in this country.
The ix.-eci and deliberate stand of the pointer 1181
with propriety been regarded as a mere modification
of a habi" which may have been useful to a wild race
accuatOllWd to wind game, and steal upen it by sUl'~
prise, first pauaillg for an iD8tallt, in order to sprins
widl unerring aim. The faculty of the Retriever.
however, may justly be'regarded aa more ioexplicable
aad leBS euily referrible to the inatinctive pusioos of
theapecies. M. Majendie, I&Ys a French writer in a
recently published memoir, baviog leamt that there
was a race of dogs in England, which atopped BBd
brolight back game of their own accOl'd, procared
a pair, and, having obtained a whelp from them, kept it
COD8tantly under hi. eYes, until he had aB opportunity
of assuring himself that, without having received any
instruction, and on the very first day that it was car~
ried to the chase, it brought back game with as much
&teadine88 as dogs which bad been schooled into the
same lD&DC2uvre by means of the whip and collar.
Such attainmentl, 88 well as the habits and dispositions which the shepherd's dog and many others inherit, seem 10 be of a nature and extent which we can
hardly explain by supposing them to be modificatjons
of instincts necesaary for the preservation of the species iD a wild state. When such remarkable habits
appeu iD raoes of tItia species, we may reasonably
CGDjecture that they were given with no other view
than for the use of man and the preservation of the
dog, which thus obtains protection•
.A.ttributu of animals in tAei,. relation to mt.IJIo-As a general rule, I fully agree with M. F. Cuvier,_
tha" in studyiD! the habits of animals, . we mUlt·
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attempt, u &r u poaaible, to refer their domestic qualities to modificatioDl of inatincta which are imp1an~
in them in a atate of nature; and that writer has sueceufully pointed out, in an admirable eaaay OD the
domestication of the mammalia, the true origin of
maoy dispositions which are vulgarly attributed to
the influence of education alone. - But we should go
too far if we did not admit that some of the qualities
of particular animals and plants may have been given
IOlely with a view to the connexion which it was foreseen would exist between them and man-especially
when we see that connexion to be in many ca&e8 10
intimate, that the greater number, and sometimes all
the individuals of the species which exist on the earth,
are in subjection to the human race.
We can perceive in a multitude of animals, especially in some of the parasitic tribes, that certain
inatincts and organs are conferred for the purpose of
defence or attack against some other species. Now, if
we are reluctant to suppose the existence of similar
relations between man and the inatincts of many of the
inferior animals, we adopt an hypothesis no less violent,
though in the opposite extreme to that which has led
some to imagine the whole animate and inanimate
creation to have been made solely for the support,
gratification, and inatruCtiOD of mankind.
Many species, most hostile to our persons or property, multiply, in spite of our efForts to repress them;
others, on the contrary, are intentionally augmented
many hundred-fold in number by our exertions. In
IUch instancee, we must imagine the relative resources
- 1IImn. du 111liii0 d'BiK. Nat. - . J _ , Ed. New PbiL
.Joum., NO&. 6, 7, 8.
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of man and tIC speeies; friendl,. tit initni~ td him, to
Me been pl'O'Spect"ely calculated IiJid adjusted. To
withhold assent to this supposition; wouid be fo rt#Ue
ltbM we must grant in respect to the ecori()my tit
Natute in every other part of the drganic -creation;
fot the various species of contemporary plants al'l'd
animals have obviously their relative forces nicety
balanced, and their respective tastes, passions, and instincts so contrived, that they are all in perfect harmony with each other. In no other manner could it
Ii*ppen that each species, surrounded, as it is, by
countless dangers, should be enabled to maintain it;
ground' for periods of considerable duration.
The docility (Yf the individuals of some or our domestic species, extending, as it does, to attainmenu
foreign to their natural habits and faculties, may; perhaps, have been conferred with a view to their association' with man. But, lest species should be thereby'
made to vary indefinitely, we find that such habits are
never transmissible by generation.
A pig has been trained to hunt and point game with
great activity and steadiness"; and other learned' individuals, of the same species, have been taugbt to
I'pell; but such fortuitous acquirements never become
hereditary, for they have no relation whatever to'the
exigencies of the animal in a wild state, and cannot,
therefore, be developments of any instinctive propeJi..
sties.
'
Injluence of domuticatitm.---An animal' iri dome.·
~ In tbe Ne'" Forest, near Ringwood, Hants, by Mr. Tcioinei,
keeper of Broomy Lodge. I have oonnraed with witn8SRs'ot

&he fact.
YOL.II.

x
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ticity, says M. F. Cuvier, is not essentially in a difer·
ent situation, in regard to the feeling of restraint, from
one left to itself. It lives in society without coostrain~
because, without doubt, it was a social animal; aDd il
conforms itself to the will of man, because it bad a
chief, to which, in a wild state, it would have yielded
obedience. There is nothing in its new situatioa that
is not conformable to its propensities; it is satisfyiDg
its wuts by submission to a master, and makelllD
sacrifice of its natural inclinations. All the social ...
mals, when, left to themselves, form herds more or lIiI
n~merous; and all the individuals of the same held
know each other, are mutually attached, and
allow a strange individual to join them. In a od
state, mOl'eover, they obey some individual, which, ~
its superiority, has become the chief of the herd. 01r
domestic species hlid., originally, this sociability ofiJi.
position; and no solitary species, however easy it IDI)
be.to tame it, has yet afforded true domesticWe merely, therefore, develope, to our own advanllf
pr8pensities which propel the individuals of c:ertai
species to draw near to their fellows.
The sheep whic~ we have reared is induced ~
follow us, as it would be led to follow the flock _
which it was brought up; and,when individuals 01
gregarious species have been accustomed to 0IIf
master, it is he, alone whom they acknowledge as their
chief-he only whom ..they obey. "The elepblDl
allows himself to be directed only by the carnache has adopted; the dog itself, reared in solitude witb
its master, manifests a hostile disposition towards.n
others; and every body knows how dangerous it is "
be in the midst of a herd of cows, in pasturagea -

.ill_
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are little frequented, when they have not at their head·
the keeper who takes care of them."
" Every thing, therefore, tends to convince us, that
formerly men were only, with regard to the domestic
animals, what those who are l>articularly charged with
the care of them still are - namely, members of the·
mety which these animals form among themselves;
and that they are only distinguished, in the general
mass by the authority which they have been enabled
to assume from their superiority of intellect. Thus,
every social animal which recognizes man as a member,
and 88 the chief of its herd, is a domestic animal. It
migbt even be said, that, from the moment when such
an animal admits man as a member of its society, it is
domesticated, as man could not enter into such a
lOCiety without becoming the cbief of it." •
But tbe ingenious author whose observations I have
here cited, admits that the obedience which the individuals of many domestic species yield indifferently to
every person, is witbout analogy in any state of things
which could exist previously to their subjugation by
man. Each troop of wild 'horses, it is true, has some~
stallion for its chief, who draws after him all the individuals of which the herd is composed; but, when
a domesticated horse has paued trom band to band,
and has served several masters, he becomes equally
docile towards an!! ptn'8Q'4, and is subjected to the
whole human race. It seems fair to presume, that the
capability in the instinct of tbe horse to be thus.
modified, was given to enable tbe species to render
~reater services to man ; and, perhaps, the facility with.
vhich many other acquired ch~acters become here• liE. dD MD.. d'Hil&. Nat.
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ditary' in -"OUB racea m the' horae, may be eIplicable only on a like supposition. The amble, for
esample, a pace to which the domestic race.. in Spanish
America are. exclusivel, trained; has, in the course rJ.
several generations, become hereditary, and iU88umed
by all the young colts before they are broken in. •
It seems, also, reasonable to conclude, that the
power bestowed on the horse, the dog, the ox, the
sheep, the cat, and many species of domestio fowlt, ti
supporting' almost every climate, was given express!!
to enable them to follow. man throughout all para tf
the globe, in order that we might obtain their services.
and, they our protection. If it be objected that die
elephant, which, by the union of strength, intelligence.
and docility, can render the greatest services to mIDkind, is incapable of living in any but the warmeBI
latitudes, we may observe, that the quantity of vegetable food required by this quadruped would r_
its maintenance in the temperate zone too costly, ud
in the arctic impossible.
Among the changes superinduced by mao, DGII
appear, .at first sight, more remal'kable than the perfed
tameness of certain .domesticracea. It is well bOIl
that, at however early an age we obtain possession ~
the young of many unreelaimed races, they will retain
throughout life, a considerable timidity and apprehensiveness of danger;, whereas, after one or IWI
generations, the descendants of the same stock d
habitually ·place the most implicit confidence in JD8I
There· is good reason, however, to suspect that sud
obaagea,are not without: analogy in a state of nature
• Dumu de la .JiklI... AIUI. des SaL NIiL., tom.
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or, to apellk more ·eu1!l'ectl~, In situations ;where man

bu DOt iDterfered.

n., Dr. Ricbatdson informs us, inhis'able'history

.r the ·b&bitsof North

_ten

American.m.als, that,

"m

the lletiredparts tOf the mountains, where .the
bad seldom penetnlted,. tIlereis tlG diftic:ulty in approacbing the Rooky MwDtain sheep, ·which there
exhibit'" sitiIpliNl!'of -eTu.at:t.r .. ~ ill :lie
~ lf16C*i .but ...bere they have been roftea Md
at,.~ _e' exoeedingl, w.iJd, alarm lIbeir .totnpauiona,
ClOthe app"lICh of 'danger, by a hissing nome, _
8C8le ,tile rocks
;&Ipeecl ani agility ltbat hail.

wi.

puI'Iutt."·
It is 1lfObahle, iJaerefore,that IU mo, ·in dift'u&ing
himself o.,er the globe, .hutamed 'IDIUly wild racGII,:SO,
. ., lie 1las made many tame racea wiW. Had _ _
ofllhe Jarger carnivoroas beam, capable ofscaling 1I1e
rocks, made tbeir way into the North America mountain. ·before tour h1mters, a .imilaf alteration in the
iast.iDc1ill of the sheepwouJd ·doQbdtlllB hve ben
lll'ougk about.
Weld eIIf1Acmt. ~ ma folD ,...,... - No
animal aflbrds.. more strikq iDuatratien of tlle pincipIl points which I .have be_.EDdeavoariltg to -eataWiah, than the eiephmt; :for., ill date first p_e, die.
w. . .rful ngacitywith ~ beBOl:OIIIIDedates IBm.eH to the BlCiety of man, and the
1aabita which
he aJOAracb, are nClt the ·result of tlime,1Jdl' of modificBtioD. produced in the -oouree of m.ny geDeNtiea••

_w

l1li :ia .,., -.car.
in eppesitiaa 10 ·the vulgar o p " of - - ,
modem naturalists, and in conformity to that of the

"AetIe ltIlimals will breed is captivity,

"'ed.

• Faaua Boreali-Americana, p. 27S.
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ancients &:rim and Columella·: yet it has alwap
been the custom, .. the least expensive mode of 0btaining them, to capture wild individuala in the forelltl,
uaually when mu grcnm; and, in a few years after they
are taken -lOmetimea, it ia uid, in the apace of a few
montha - their education ia completed.
Had the whole lpecies been domesticated &om an
.,..ly period in the hiatory of man, like the camel,
their luperior intelligence would, doubtleSs, have been
attributed to their long and familiar intercoune wi&h
the lord of the ereatioR ; but we know that a few years
ia lu8icient to bring about thia wonderful cbauge of
habits; and, although the lame individual may continue to receive tuition for a century afterwards, yet
it· makes no. further progresa in the general development of its faculties. Were it othenriae, indeed, the
animal would soon deaene more than the poet'8 epithet
of "balf-realODing:'
From the authority of our countrymen employed in
the late Burmeae war, it appears, in corroboration of
older accounts, that, when elephants are required to
execute extraordinary tub, they may be made to
understand that they will receive unusual rewards.
Some favourite dainty ia shown to them, in the hope
. of acquiring which the work ia done; and 80 perfectly
doea the nature of the contract appear to be understood, that the breach of it, on the part of the master,
is often attended with danger. In thia case, a power
has been given to the species to adapt their ~
instincta to new circumstancel with surprising rapidity ;
but the extent of thia change ia defined by Itrict and
I

•

• Mr. Cone on &be RabiD, "e. of the ElepbaDt, PbiL TnM.
17118(
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arbitrary limits. There is no indication of a tendency
to continued divergence from certain attributes with
whicb the elephant was originally endued-no ground
whatever for anticipating that, in thousands of centuries, any material alteration could ever be eft"ected.
All that we can infer from analogy is, that some more
useful and peculiar races might probably be formed, if
the experiment were fairly tried; and that some individual characteristic, now only casual and temporary,
might be perpetuated by generation.
In all cases, therefore, where the domestic qualities
exist in animals, they seem 'to require no lengthened
process for their development; and they appear to
have been wholly denied to some classes, which, from
their strength and social disposition, might have rendered great services to man; as, for example, the
greater part of the quadrumana. The orang-outang,
indeed, which, for its resemblance in form to man,
and apparently for no other good reason, has been
assumed by Lamarck to be the most perfect of the
inferior animals, has been tamed by the savages of
Borneo, and made to climb lofty trees, and to bring
down the fruit. But he is said to yield to his
masters an unwilling obedience, and to be held in subjection only by severe discipline. We know nothing
of the faculties of this animal which can suggest the
idea that it rivals the elephant in intelligence; much
less any thing which can countenance the dreams of
those who have fancied that it might have been tr8namuted into "the dominant race." One of the baboons
of Sumatra (Simia carpolegua) appears to be more
docile, and is frequently trained by the inhabitants to
ucend trees, for the purpose of gathering cocoa-nuts;
a aenice in which the animal is very expert. He
x4
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RECAPITULATION.

exist between different species and, among others,
between certain species and man; but these latter are
always so nearly connected with the original habits
and propensities of each species in a wild state, that
they imply no indefinite capacity of varying from the
original type. The acquired habits derived from human
tuition are rarely transmitted to the offspring; and
when this happens, it is almost universally the case
with those merely which have some obvious connexion
with the attributes of the species when in a state of
independence.

END 01' THE SECOND VOLUME.
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