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PREFACE

THE contents of the present volume, with three
exceptions, are cither popular lectures, or addresses
delivered to scientific bodies with which I have
been officially connected. I am not sure which
gave me the more trouble. For I have not been
one of those fortunate persons who are able to
regard a popular lecture as a mere hors dauvre,
unworthy of being ranked among the serious efforts
of a philosopher; and who keep their fame as
scientific hierophants unsullied by attempts—at
least of the successful sort—to be understanded
of the people.

On the contrary, I found that the task of
putting the truths learned in the field, the
laboratory and the museum, into language which,
without bating a jot of scientific accuracy shall be
generally intelligible, taxed such scientific and
literary faculty as I possessed to the uttermost;
indeed my experience has furnished me with no
better corrective of the tendency to scholastic
pedantry which besets all those who are absorbed
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in pursnits remote from the common ways of men,
and become habituated to think and speak in the
technical dialect of their own little world, as if
there were no other.

If the popular lecture thus, as I believe,
finds one moiety of its justification in the self-
discipline of the lecturer, it surely finds the
other half in its effect on the auditory. For
though various sadly comical experiences of the
results of my own efforts have led me to entertain
a very moderate estimate of the purely intellectual
value of lectures; though I venture to doubt if
more than one in ten of an average audience
carries away an accurate notion of what the
speaker has been driving at; yet is that not
equally true of the oratory of the hustings, of the
House of Commons, and even of the pulpit ?

Yet the children of this world are wise in their
generation ; and both the politician and the priest
are justified by results. The living voice has an
influence over human action altogether indepen-
dent of the intellectual worth of that which it
utters. Many years ago, I was a guest at a great
City dinner. A famous orator, endowed with a
voice of rare flexibility and power; a born actor,
ranging with ease through every part, from refined
comedy to tragic unction, was called upon to reply
to a toast. The orator was a very busy man, a
charming conversationalist and by no means
despised a good dinner; and, I imagine, rose with-
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out having given a thought to what he was going
to say. The rhythmic roll of sound was admirable,
the gestures perfect, the earnestness impressive;
nothing was lacking save sense and, occasionally,
grammar. When the speaker sat down the
applause was terrific and one of my neighbours
was especially enthusiastic. So when he had
quieted down, I asked him what the orator had
said. And he could not tell me.

That sagacious person John Wesley, is reported
to have replied to some one who questioned the
propriety of his adaptation of sacred words to
extremely secular airs, that he did not see why the
Devil should be left in possession of all the best
tunes. And I do not see why science should not
turn to account the peculiarities of human nature
thus exploited by other agencies: all the more
because science, by the nature of its being, can-
not desire to stir the passions, or profit by the
weaknesses, of human nature. The most zealous
of popular lecturers can aim at nothing more
than the awakening of a sympathy for abstract
truth, in those who do not really follow his argu-
ments; and of a desire to know more and better in
the few who do.

At the same time it must be admitted that the
popularization of science, whether by lecture or
essay, has its drawbacks. Success in this depart-
ment has its perils for those who succeed. The
“ people who fail” take their revenge, as we have
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recently had occasion to observe, by ignoring all
the rest of a man’s work and glibly labelling him
a mere popularizer. If the falsehood were not too
glaring, they would say the same of Faraday and
Helmbholtz and Kelvin.

On the other hand, of the affliction caused by
persons who think that what they have picked up
from popular exposition qualifies them for discuss-
ing the great problems of science,it may be said,
as the Radical toast said of the power of the Crown
in bygone days, that it “ has increased, is increas-
ing, and ought to be diminished.” The oddities
of “English as she is spoke ” might be abundantly
paralleled by those of “ Science as she is misunder-
stood ” in the sermeon, the novel, and the leading
article; and a collection of the grotesque trav-
esties of scientific conceptions, in the shape of
essays on such trifles as “the Nature of Life” and
the “Origin of All Things,”. which reach me, from
time to time, might well be bound up with them.

The tenth essay in this volume unfortunately
brought me, I will not say into collision, but into
a position of critical remonstrance with regard
to some charges of physical heterodoxy, brought
by my distinguished friend Lord Kelvin, against
British Geology. As President of the Geological
Society of London at that time (1869), I thought
I might venture to plead that we were not such
heretics as we seemed to be; and that, even if
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we were, recantation would not affect the
question of evolution.

I am glad to see that Lord Kelvin has juss
reprinted his reply to my plea! and I refer the
reader to it. I shall not presume to question any-
thing, that on such ripe consideration, Lord Kelvin
has to say upon the physical problems involved.
But I may remark that no one can have asserted
more strongly than I have done, the necessity
of looking to physics and mathematics, for help
in regard to the earliest history of the globe.
(See pp. 108 and 109 of this volume.)

And I take the opportunity of repeating the
opinion, that, whether what we call geological
time has the lower limit assigned to it by Lord
Kelvin, or the higher assumed by other philoso-
phers; whether the germs of all living things
have originated in the globe itself, or whether
they have been imported on, or in, meteorites
from without, the problem of the origin of those
successive Faune and Flors of the earth, the
existence of which is fully demonstrated by
paleontology remains exactly where it was,

For I think it will be admitted, that the germs
brought to us by meteorites, if any, were not ova
of elephants, nor of crocodiles; not cocoa-nuts nor
acorns; not even eggs of shell-fish and corals;
but only those of the lowest forms of animal and
vegetable life. Therefore, since it is proved that,
' Popular Lectures and Addresscs. 11, Macmillan and Co. 1894,
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from a very remote epoch of geological time, the
earth has been peopled by a continual succession
of the higher forms of animals and plants, these
either must have been created, or they have arisen
by evolution. And in respect of certain groups of
animals, the well-established facts of paleontology
leave no rational doubt that they arose by the
latter method.

In the second place, there are no data what-
ever, which justify the biologist in assigning
any, even approximately definite, pertod of time,
either long or short, to the evolution of one
species from another by the process of variation
and selection. In the ninth of the following
essays, I have taken pains to prove that the change
of animals has gone on at very different rates in
different groups of living beings; that some types
have persisted with little change from the paleo-
zoic epoch till now, while others have changed
rapidly within the limits of an epoch. In 1862
(see below p. 308, 304) in 1863 (vol. IL, p. 461)
and again in 1864 (ibid., p. 89—91) I argued, not
as a matter of speculation, but, from paleonto-
logical facts, the bearing of which I believe, up to
that time, had not been shown, that any ade-
quate hypothesis of the causes of evolution must
be consistent with progression, stationariness and
retrogression, of the same type at different epochs ;
of different types in the same epoch; and that
Darwin’s hypothesis fulfilled these conditions.
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According to that hypothesis, two factors are at
work, variation and selection. Next to nothing is
known of the causes of the former process ; nothing
whatever of the time required for the production
of a certain amount of deviatign from the existing
type. And, as respects selection, which operates
by extinguishing all but a small minority of
variations, we have not the slightest means of
estimating the rapidity with which it does its
work. All that we are justified in saying is that
the rate at which it takes place may vary almost
indefinitely. If the famous paint-root of Florida,
which kills white pigs but not black ones, were
abundant and certain in its action, black pigs
might be substituted for white in the course of
two or three years. If, on the other hand, it was
rare and uncertain in action, the white pigs might
linger on for centuries.

T. H. HuxLET,

HopEesLEA, EASTBOURNE,

April, 1894,
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I
ON A PIECE OF CHALK
[1868]

IF a well were sunk at our feet in the midst of
the city of Norwich, the diggers would very soon
find themselves at work in that white substance
almost too soft to be called rock, with which we
are all familiar as “ chalk.”

Not only here, but over the whole county of
Norfolk, the well-sinker might carry his shaft
down many hundred feet without coming to the
end of the chalk; and, on the sea-coast, where
the waves have pared away the face of the land
which breasts them, the scarped faces of the high
cliffs are often wholly formed of the same material.
Northward, the chalk may be followed as far as
Yorkshire ; on the south coast it appears abruptly
in the picturesque western bays of Dorset, and
breaks into the Needles of the Isle of Wight;
while on the shores of Kent it supplics that long

.8%
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line of white cliffs to which England owes her
name of Albion.

Were the thin soil which covers it all washed
away, a curved band of white chalk, here broader,
and there narrower, might be followed diagonally
across England from Lulworth in Dorset, to Flam-
borough Head in Yorkshire—a distance of over
280 miles as the crow flies. From this band to
the North Sea, on the east, and the Channel, on
the south, the chalk is largely hidden by other
deposits ; but, except in the Weald of Kent and
Sussex, it enters into the very foundation of all
the south-eastern counties.

Attaining, as it does in some places, a thickness
of more than a thousand feet, the English chalk
must be admitted to be a mass of considerable
magnitude. Nevertheless, it covers but an insig-
nificant portion of the whole area occupied by the
chalk formation of the globe, much of which has
the same general characters as ours, and is found
in detached patches, some less, and others more
extensive, than the English. Chalk occurs in
north-west Ireland ; it stretches over a large part
of France,—the chalk which underlies Paris being,
in fact, a continuation of that of the London basin;
it runs through Denmark and Central Europe, and
extends southward to North Africa; while east-
ward, it appears in the Crimea and in Syria, and
may be traced as far as the shores of the Sea of
Aral, in Central Asia. If all the points at which
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true chalk occurs were circumscribed, they would
lie within an irregular oval about 3,000 miles in
long diameter—the area of which would be as
great as that of Europe, and would many times
exceed that of the largest existing inland sea—
the Mediterranean.

Thus the chalk is no unimportant element in
the masonry of the earth’s crust, and it impresses
a peculiar stamp, varying with the conditions to
which it is exposed, on the scenery of the districts
in which it occurs. The undulating downs and
rounded coombs, covered with sweet-grassed turf,
of our inland chalk country, have a peacefully
domestic and mutton-suggesting prettiness, but
can hardly be called either grand or beautiful
But on our southern coasts, the wall-sided cliffs,
many hundred feet high, with vast needles and
pinnacles standing out in the sea, sharp and
solitary enough to serve as perches for the wary
cormorant, confer a wonderful beauty and grandeur
upon the chalk headlands. And, in the East,
chalk has its share in the formation of some of
the most venerable of mountain ranges, such as
the Lebanon.

What is this wide-spread component of the
surface of the earth? and whence did it come ?

You may think this no very hopeful inquiry.
You may not unnaturally suppose that the
attempt to solve such problems as these can lead
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to no result, save that of entangling the inquirer
in vague speculations, incapable of refutation and
of verification. If such were really the case, I
should have selected some other subject than a
“piece of chalk ” for my discourse. But,in truth,
after much deliberation, I have been unable to
think of any topic which would so well enable me
to lead you to see how solid is the foundation
upon which some of the most startling conclusions
of physical science rest.

A great chapter of the history of the world is
written in the chalk. Few passages in the history
of man can be supported by such an overwhelm-
ing mass of direct and indirect evidence as that
which testifies to the truth of the fragment of the
history of the globe, which I hope to enable you
to read, with your own eyes, to-night. Let me
add, that few chapters of human history have a
more profound significance for ourselves. I weigh
my words well when I assert, that the man who
should know the true history of the bit of chalk
which every carpenter carries about in his
breeches-pocket, though ignorant of all other
history, is likely, if he will think his knowledge
out to its ultimate results, to have a truer, and
therefore a better, conception of this wonderful
universe, and of man’s relation to it, than the
most learned student who is deep-read in the
records of humanity and ignorant of those of
Nature.
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The language of the chalk is not hard to learn,
not nearly so hard as Latin, if you only want to
get at the broad features of the story it has to
tell; and I propose that we now set to work to
spell that story out together.

We all know that if we “burn” chalk the
result is quicklime. Chalk, in fact, is a compound
of carbonic acid gas, and lime, and when you
make it very hot the carbonic acid flies away and
the lime is left. By this method of procedure
we see the lime, but we do not see the carbonic
acid. If, on the other hand, you were to powder
a little chalk and drop it into a good deal of strong
vinegar, there would be a great bubbling and
fizzing, and, finally, a clear liquid, in which no
sign of chalk would appear. Here you see the
carbonic acid in the bubbles; the lime, dissolved
in the vinegar, vanishes from sight. There are a
great many other ways of showing that chalk is
essentially nothing but carbonic acid and quick-
lime. Chemists enunciate the result of all the
experiments which prove this, by stating that
chalk is almost wholly composed of “carbonate
of lime.”

It is desirable for us to start from the knowledge
of this fact, though it may not seem to help us
very far towards what we seek. For carbonate
of lime is a widely-spread substance, and is met
with under very various conditions. All sorts of
limestones are composed of more or less pure
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carbonate of lime. The crust which is often
deposited by waters which have drained through
limestone rocks, in the form of what are called
stalagmites and stalactites, is carbonate of lime.
Or, to take a more familiar example, the fur on
the inside of a tea-kettle is carbonate of lime;
and, for anything chemistry tells us to the con-
trary, the chalk might be a kind of gigantic fur
upon the bottom of the earth-kettle, which is
kept pretty hot below.

Let us try another method of making the chalk
tell us its own history. To the unassisted eye
chalk looks simply like a very loose and open
kind of stone. But it is possible to grind a slice
of chalk down so thin that you can see through
it—until it is thin enough,in fact, to be examined
with any magnifying power that may be thought
desirable. A thin slice of the fur of a kettle
might be made in the same way. If it were
examined microscopically, it would show itself to
be a more or less distinctly laminated mineral sub-
stance, and nothing more.

But the slice of chalk presents a totally different
appearance when placed under the microscope.
The general mass of it is made up of very minute
granules; but, imbedded in this matrix, are in-
numerable bodies, some smaller and some larger,
but, on a rough average, not more than a
hundredth of an inch in diameter, having a well-
defined shape and structure. A cubic inch of
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some specimens of chalk may contain hundreds of
thousands of these bodies, compacted together
with incalculable millions of the granules.

The examination of a transparent slice gives a
good notion of the manner in which the com-
ponents of the chalk are arranged, and of their
relative proportions. But, by rubbing up some
chalk with a brush in water and then pouring off
the milky fluid, so as to obtain sediments of
different degrees of fineness, the granules and
the minute rounded bodies may be pretty well
separated from one another, and submitted to
microscopic examination, either as opaque or as
transparent objects. By combining the views
obtained in these various methods, each of the
rounded bodies may be proved to be a beautifully-
constructed calcarcous fabric, made up of a
number of chambers, communicating freely with
one another. The chambered bodies are of
various forms. One of the commonest is some-
thing like a badly-grown raspberry, being formed
of a number of nearly globular chambers of
different sizes congregated together. It is called
Globigerina, and some specimens of chalk consist
of little else than Globigerinee and granules. Let
us fix our attention upon the Globigerina. It is
the spoor of the game we are tracking. If we can
learn what it is and what are the conditions of its
existence, we shall see our way to the origin and
past history of the chalk.
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A suggestion which may naturally enough pre-
sent itself is, that these curious bodies are the
result of some process of aggregation which has
taken place in the carbonate of lime; that, just
as in winter, the rime on our windows simulates
the most delicate and elegantly arborescent foliage
—proving that the mere mineral water may,
under certain conditions, assume the outward
form of organic bodies—so this mineral substance,
carbonate of lime, hidden away in the bowels of
the earth, has taken the shape of these chambered
bodies. I am not raising a merely fanciful and
unreal objection. Very learned men, in former
days, have even entertained the notion that all the
formed things found in rocks are of this nature;
and if no such conception is at present, held to be
admissible, it is because long and varied ex-
perience has now shown that mineral matter
never does assume the form and structure we find
in fossils. If any one were to try to persuade
you that an oyster-shell (which is also chiefly
composed of carbonate of lime) had crystallized
out of sea-water, I suppose you would laugh at
the absurdity. Your laughter would be justified
by the fact that all experience tends to show that
oyster-shells are formed by the agency of oysters,
and in no other way. And if there were no better
reasons, we should be justified, on like grounds,
in believing that Globigerine is not the product of
anything but vital activity.
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Happily, however, better evidence in proof of
the organic nature of the Globigerine than that
of analogy is forthcoming. It so happens that
calcareous skeletons, exactly similar to the
Globigerinee of the chalk, are being formed, at
the present moment, by minute living creatures,
which flourish in multitudes, literally more
numerous than the sands of the sea-shore, over a
large extent of that part of the earth’s surface
which is covered by the ocean.

The history of the discovery of these living
Globigerinee, and of the part which they play in
rock building, is singular enough. It is a
discovery which, like others of no less scientific
importance, has arisen, incidentally, out of work
devoted to very different and exceedingly practical
interests. When men first took to the sea, they
speedily learned to look out for shoals and rocks ;
and the more the burthen of their ships increased,
the more imperatively necessary it became for
sailors to ascertain with precision the depth of
the waters they traversed. Out of this necessity
grew the use of the lead and sounding line; and,
ultimately, marine-surveying, which is the re-
cording of the form of coasts and of the depth
of the sea, as ascertained by the sounding-lead,
upon charts.

At the same time, it became desirable to ascer-
tain and to indicate the nature of the sea-bottom,
since this circumstance greatly affects its goodness
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as holding ground for anchors. Some ingenious
tar, whose name deserves a better fate than the
oblivion into which it has fallen, attained this
object by “arming ” the bottom of the lead with
a lump of grease, to which more or less of the
sand or mud, or broken shells, as the case might
be, adhered, and was brought to the surface. But,
however well adapted such an apparatus might
be for rough nautical purposes, scientific accuracy
could not be ‘expected from the armed lead, and
to remedy its defects (especially when applied to
sounding in great depths) Lieut. Brooke, of the
American Navy, some years ago invented a most
ingenious machine, by which a considerable por-
"tion of the superficial layer of the sea-bottom can
be scooped out and brought up from any depth to
which the lead descends. In 1853, Lieut. Brooke
obtained mud from the bottom of the North
Atlantic, between Newfoundland and the Azores,
at a depth of more than 10,000 feet, or two miles,
by the help of this sounding apparatus. The
specimens were sent for examination to Ehrenberg
of Berlin, and to Bailey of West Point, and those
able microscopists found that this deep-sea mud
was almost entirely composed of the skeletons of
living organisms—the greater proportion of these
being just like the Globigerine already known to
occur in the chalk.

Thus far, the work had been carried on simply
in the interests of science, but Lieut. Brooke’s
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method of sounding acquired a high commercial
value, when the enterprise of laying down the
telegraph-cable between this country and the
United States was undertaken. For it became a
matter of immense importance to know, not only
the depth of the sea over the whole line along
which the cable was to be laid, but the exact
nature of the bottom, so as to guard against
chances of cutting or fraying the strands of that
costly rope. The Admiralty consequently ordered
Captain Dayman, an old friend and shipmate of
mine, to ascertain the depth over the whole line
of the cable, and to bring back specimens of the
bottom. In former days, such a command as this
might have sounded very much like one of the
impossible things which the young Prince in the
Fairy Tales is ordered to do before he can obtain
the hand of the Princess. However,in the months
of June and July, 1857, my friend performed the
task assigned to him with great expedition and
precision, without, so far as I know, having met
with any reward of that kind. The speciinens of
Atlantic mud which he procured were sent to me
to be examined and reported upon.!

! See Appendix to Captain Dayman’s Deep-sea Soundings in
the North Atlantic Occan between Ireland and Newfoundland,
made im H.M.S. *“ Cyclops.” Published by order of the Lords
Commissioners of the Admiralty, 1858, They have since
formed the subject of an elaborate Memoir by Messrs, Parker
:nd5 Jones, published in the Philosophical Transactions fot

8635.
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The result of all these operations is, that we
know the contours and the nature of the surface-
soil covered by the North Atlantic for a distance
of 1,700 miles from east to west, as well as we
know that of any part of the dry land. It is a
prodigious plain—one of the widest and most even
plains in the world. If the sea were drained off,
you might drive a waggon -all the way from
Valentia, on the west coast of Ireland, to Trinity
Bay, in Newfoundland. And, except upon one
sharp incline about 200 miles from Valentia, I am
not quite sure that it would even be necessary to
put the skid on, so gentle are the ascents and
descents upon that long route. From Valentia
the road would lie down-hill for about 200 miles
to the point at which the bottom is now covered
by 1,700 fathoms of sea-water. Then would come
the central plain, more than a thousand miles wide,
the inequalities of the surface of which would be
hardly perceptible, though the depth of water
upon it now varies from 10,000 to 15,000 feet;
and there are places in which Mont Blanc might
be sunk without showing its peak above water.
Beyond this, the ascent on the American side
commences, an gradually leads, for about 300
miles, to the Newfoundland shore.

Almost the whole of the bottom of this central
plain (which extends for many hundred miles in a
north and south direction) is covered by a fine
mud, which, when brought to the surface, dries
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into a greyish white friable substance. You can
write with this on a blackboard, if you are se
inclined ; and, to the eye, it is quite like very soft,
grayish chalk. Examined chemically, it proves to
be composed almost wholly of carbonate of lime ;
and if you make a section of it, in the same way
as that of the piece of chalk was made, and view
it with the microscope, it presents innumerable
Ghbigerine embedded in a granular matrix. Thus
this deep-sea mud is substantially chalk. I say
substantially, because there are a good many
minor differences ; but as these have no bearing on
the question immediately before us,—which is the
nature of the Globigerine of the chalk,—it is un-
necessary to speak of them.

Globigerine of every size, from the smallest to
the largest, are associated together in the Atlantic
mud, and the chambers of many are filled by a soft
animal matter. This soft substance is, in fact, the
remains of the creature to which the Globigerina
shell, or rather skeleton, owes its existence—and
which is an animal of the simplest imaginable
description. It is, in fact, a mere particle of living
jelly, without defined parts of any kind—without
a mouth, nerves, muscles, or distinct organs, and
only manifesting its vitality to ordinary observa-
tion by thrusting out and retracting from all parts of
its surface, long filamentous processes, which serve
for arms and legs. Yet this amorphous particle,
devoid of everything which, in the higher animals,
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we call organs, is capable of feeding, growing, and
multiplying ; of separating from the ocean the
small proportion of carbonate of lime which is
dissolved in sea-water; and of building up that
substance into a skeleton for itself, according to a
pattern which can be imitated by no other known
agency.

The notion that animals can live and flourish in
the sea, at the vast depths from which apparently
living Globigerinee have been brought up, does
not agree very well with our usual conceptions re-
specting the conditions of animal life ; and it isnot
so absolutely impossible as it might at first sight
appear to be, that the Globigerine of the Atlantic
sea-bottom do mnot live and die where they are
found.

As I have mentioned, the soundings from the
great Atlantic plain are almost entirely made up
of Qlobigerinee, with the granules which have been
mentioned, and some few other calcareous shells;
but a small percentage of the chalky mud—per-
haps at most some five per cent. of it—is of a
different nature, and consists of shells and skele-
tons composed of silex, or pure flint. These
silicious bodies belong partly to the lowly vege-
table organisms which are called Diatomacee, and

2 P mm— A
partly to the minute, and extremely simple,
animals, termed Radiolaria. It is quite certain
that these creatures do not live at the bottom of
the ocean, but at its surface—where they may be

P ——
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obtained in prodigious numbers by the use of a
properly constructed net. Hence it follows that
these silicious organisms, though they are not
heavier than the lightest dust, must have fallen,
in some cases, through fifteen thousand feet of
water, before they reached their final resting-
place on the ocean floor. And considering how
large a surface these bodies expose in proportion
to their weight, it is probable that they occupy a
great length of time in making their burial
journey from the surface of the Atlantic to the
bottom.

But if the Radiolaria and Diatoms are thus
rained upon the bottom of the sea, from the
superficial layer of its waters in which they pass
their lives, it i8 obviously possible that the
Globigerine may be similarly derived ; and if they
were s0, it would be much more easy to under-
stand how they obtain their supply of food than
it is at present. Nevertheless, the positive and
negative evidence all points the other way. The
skeletons of the full-grown, deep-sea Globigerine
are so remarkably solid and heavy in proportion to
their surface as to seem little fitted for floating ;
and, as a matter of fact, they are pot to be found
along with the Diatoms and Radiolaria in the
uppermost stratum of the open ocean. It has
been observed, again, that the abundance of
(flobtgerine, in proportion to other organisms, of
like kind, increases with the depth of the sea; and
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that deep-water Qlobigerine are larger than those
which live in shallower parts of the sea; and such
facts negative the supposition that these organisms
have been swept by currents from the shallows
into the deeps of the Atlantic. It therefore seems
to be hardly doubtful that  these wonderful
creatures live and die at the depths in which they
are found.!

However, the important points for us are, that
the living Globigerinee are exclusively marine
animals, the skeletons of which abound at the
bottom of deep seas; and that there is not a
shadow of reason for believing that the habits of
the Globigerine of the chalk differed from those
of the existing species. But if this be true, there
is no escaping the conclusion that the chalk itself
is the dried mud of an ancient deep sea.

In working over the soundings collected by
Captain Dayman, I was surprised to find that
many of what I have called the “ granules” of that
mud were not, as one might have been tempted

1 During the cruise of H.M.S. Bulldog, commanded by Sir
Leopold M‘Clintock, in 1860, living star-fish were brought up,
clinging to the lowest part of the sounding-line, from a depth
of 1,260 fathoms, midway between Cape Farewell, in Green-
land, and the Rockall banks. Dr. Wallich ascertained that
the sea-bottom at this point consisted of the ordinary Gilobi-
gerina ooze, and that the stomachs of the star-fishes were full
of Gioligerince. This discovery removes all objections to the
existence of living Globigerince at great depths, which are based
upon the supposed difficulty of maintaining animal life under
such conditions ; and it throws the burden of proof upon those

who object to the supposition that the Globigerine live and
die where they are found.
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to think at first, the mere powder and waste of
Qlobigerine, but that they had a definite form and
size. I termed these bodies “coccoliths” and
doubted their organic nature. Dr. Wallich verified
my observation, and added the interesting dis-
covery that, not unfrequently, bodies similar to
these “coccoliths ” were aggregated together into
spheroids, which he termed “ coccospheres.” So far
as we knew, these bodies, the nature of which
is extremely puzzling and problematical, were
peculiar to the Atlantic soundings. But, a few
years ago, Mr. Sorby, in making a careful examina-
tion of the chalk by means of thin sections and
otherwise, observed, as Ehrenberg had done before
him, that much of its granular basis possesses a
definite form. Comparing these formed particles
with those in the Atlantic soundings, he found
the two to be identical; and thus proved that the
chalk, like the surroundings, contains these mys-
terious coccoliths and coccospheres. Here was a
further and most interesting confirmation, from
internal evidence, of the essential identity of the
chalk with modern deep-sea mud. @lobigerine,
coccoliths, and coccospheres are found as the chief
constituents of both, and testify to the general
similarity of the conditions under which both have
been formed.!

The evidence furnished by the hewing, facing,

1 1 have recently traced out the development of the ¢‘cocco-
liths” from a diameter of y3'5sth of an inch up to their Jargest

188
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and superposition of the stones of the Pyramids,
that these structures were built by men, has no
greater weight than the evidence that the chalk
was built by Glcbigerine; and the belief that
those ancient pyramid-builders were terrestrial
and air-breathing creatures like ourselves,.is not
better based than the conviction that the chalk-
makers lived in the sea. But as our belief in the
building of the Pyramids by men is not only
grounded on the internal evidence afforded by
these structures, but gathers strength from multi-
tudinous collateral proofs, and is clinched by the
total absence of any reason for a contrary belief;
so the evidence drawn from the @Qlcbigerine that
the chalk is an ancient sea-bottom, is fortified by
innumerable independent lines of evidence; and
our belief in the truth of the conclusion to which
all positive testimony tends, receives the like
negative justification from the fact that no other
hypothesis has a shadow of foundation.

It may be worth while briefly to consider a few
of these collateral proofs that the chalk was de-
posited at the bottom of the sea. The great
mass of the chalk is composed, as we have seen,
of the skeletons of Globigerine, and other simple
organisms, imbedded in granular matter. Here
and there, however, this hardened mud of the

gize (which is abont {g55th), and no longer doubt that they
are produced by independent organisms, which, like the Globi-
gerine, live and die at the bottom of the sca.

L
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ancient sea reveals the remains of higher animals
which have lived and died, and left their hard
parts in the mud, just as the oysters die and
leave their shells behind them, in the mud of the
present seas.

There are, at the present day, certain groups of
animals which are never found in fresh waters,
being unable to live anywhere but in the sea.
Such are the corals; those corallines which are
called Polyzoa; those creatures which fabricate
the lamp-shells, and are called Brachiopoda ; the
pearly Nautilus, and all animals allied to it; and
all the forms of sea-urchins and star-fishes. Not
only are all these creatures confined to salt water
at the.present day ; but, so far as our records of
the past go, the conditions of their existence have
been the same: hence, their occurrence in any
deposit is as strong evidence as can be obtained,
that that deposit was formed in the sea. Now
the remains of animals of all the kinds which have
been enumerated, occur in the chalk, in greater or
less abundance ; while not one of those forms of
shell-fish which are characteristic of fresh water
has yet been observed in it.

When we consider that the remains of more
than three thousand distinct species of aquatic
animals have been discovered among the fossils of
the chalk, that the great majority of them are of
such forms as are now met with only in the sea,
and that there is no reason to believe that anv
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one of them inhabited fresh water—the collateral
evidence that the chalk represents an ancient sea-
bottom acquires as great force as the proof
derived from the nature of the chalk itself I
think you will now allow that I did not overstate
my case when I asserted that we have as strong
grounds for believing that all the vast area of
dry land, at present occupied by the chalk, was
once at the bottom of the sea, as we have for any
matter of history whatever; while there is no
justification for any other belief.

No less certain it is that the time during which
the countries we now call south-east England,
France, Germany, Poland, Russia, Egypt, Arabia,
Syria, were more or less completely covered by a
deep sea, was of considerable duration. We have
already seen that the chalk is, in places, more
than a thousand feet thick. I think you will
agree with me, that it must have taken some
time for the skeletons of animalcules of a
hundredth of an inch in diameter to heap up
such a mass as that. 1 have said that through-
out the thickness of the chalk the remains of
other animals are scattered. These remains are
often in the most exquisite state of preservation.
The valves of the shell-fishes are commonly
adherent; the long spines of some of the sea-
urchins, which would be detached by the smallest
jar, often remain in their places. In a word, it is
sertain that these animals have lived and died
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when the place which they now oceupy was the
surface of as much of the chalk as had then been
deposited ; and that each has been covered up by
the layer of Gloligerina mud, upon which the
creatures imbedded a little higher up have, in
like manner, lived and died. But some of these
remains prove the existence of reptiles of vast
size in the chalk sea. These lived their time,
‘and had their ancestors and descendants, which
assuredly implies time, reptiles being of slow
growth.

There is more curious evidence, again, that the
process of covering up, or, in other words, the
deposit of Globigerina skeletons, did not go on
very fast. It is demonstrable that an animal of
the cretaceous sea might die, that its skeleton
might lie uncovered upon the sea-bottom long
enough to lose all its outward coverings and
appendages by putrefaction; and that, after this
had happened, another animal might attach itself
to the dead and naked skeleton, might grow to
maturity, and might itself die before the calcareous
mud had buried the whole.

Cases of this kind are admirably described by
Sir Charles Lyell. He speaks of the frequency
with which geologists find in the chalk a fossilized
sea-urchin, to which is attached the lower valve of
a Crania. This is a kind of shell-fish, with a shell
composed of two pieces, of which, as in the oyster,
one is fixed and the other free.
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“The upper valve is almost invariably wanting,
though occasionally found in a perfect state of
preservation in the white chalk at some distance.
In this case, we see clearly that the sea~urchin
first lived from youth to age, then died and lost
its spines, which were carried away. Then the
young Crania adhered to the bared shell, grew
and perished in its turn; after which, the upper
valve was separated from the lower, before the
Echinus became enveloped in chalky mud.”?

A specimen in the Museum of Practical
Geology, in London, still further prolongs the
period which must have elapsed between the
death of the sea-urchin, and its burial by the
Globigerine. For the outward face of the valve
of a Crania, which is attached to a sea-urchin,
(Micraster), is itself overrun by an incrusting
coralline, which spreads thence over more or less
of the surface of the sea-urchin. It follows that,
after the upper valve of the Crania fell off, the
surface of the attached valve must have remained
exposed long enough to allow of the growth of
the whole coralline, since corallines do not live
embedded in mud.!

The progress of knowledge may, one day, enable
us to deduce from such facts as these the maxi-
mum rate at which the chalk can have ac-
cumulated, and thus to arrive at the minimum

1 Elements of Geology, by Sir Charles Lyell, Bart. F.R.S.,
p. 23.



e

1 ON A PILCE OF CHALK 23

duration of the chalk period. Suppose that the
valve of the Cranta upon which a coralline has
fixed itself in the way just described, is so attached
to the sea-urchin that no part of it is more thanan
inch above the face upon which the sea-urchin
rests. Then, as the coralline could not have fixed
itself, if the Crania had been covered up with
chalk mud, and could not have lived had itself
been so covered, it follows, that an inch of chalk
mud could not have accumulated within the time
between the death and decay of the soft parts of
the sea-urchin and the growth of the coralline to
the full size which it has attained. If the decay
of the soft parts of the sea-urchin; the attachment,
growth to maturity, and decay of the Crania ; and
the subsequent attachment and growth of the
coralline, took a year (which is a low estimate
enough), the accumulation of the inch of chalk
must have taken more than a year: and the
deposit of a thousand feet of chalk must, conse-
quently, have taken more than twelve thousand
years.

The foundation of all this calculation is, of
course, a knowledge of the length of time the
Crania and the coralline needed to attain their
full size; and, on this head, precise knowledge is
at present wanting. But there are circumstances
which tend to show, that nothing like an inch of
chalk has accumulated during the life of a Crania ;
and, on any probable estimate of the length of
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that life, the chalk period must have had a much
longer duration than that thus roughly assigned
to it.

Thus, not only is it certain that the chalk
is the mud of an ancient sea-bottom ; but it is no
less certain, that the chalk sea existed during an
extremely long period, though we may not be
prepared to give a precise estimate of the length
of that period in years. The relative duration is
clear, though the absolute duration may not be
definable. The attempt to affix any precise date
to the period at which the chalk sea began, or
ended, its existence, is baffled by difficulties of the~
same kind. But the relative age of the cretaceous
epoch may be determined with as great ease
and certainty as the long duration of that epoch.

You will have heard of the interesting dis-
coveries recently made, in various parts of Western
Europe, of flint implements, obviously worked into
shape by human hands, under circumstances which
show conclusively that man is a very ancient
denizen of these regions. It has been proved that
the whole populations of Europe, whose existence
has been revealed to us in this way, consisted of
savages, such as the Esquimaux are now; that, in
the country which is now France, they hunted the
reindeer, and were familiar with the ways of the
mammoth and the bison. The physical geography
of France was in those days different from what it
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is now—the river Somme, for instance, having cut
its bed a hundred feet deeper between that time
and this; and, it is probable, that the climate was
more like that of Canada or Siberia, than that of
Western Europe.

The existence of these people is forgotten even
in the traditions of the oldest historical nations.
The name and fame of them had utterly vanished
until a few years back ; and the amount of physical
change which has been effected since their day
renders it more than probable that, venerable as
are some of the historical nations, the workers of
the chipped flints of Hoxne or of Amiens are to
them, as they are to us, in point of antiquity. But,
if we assign to these hoar relics of long-vanished
generations of men the greatest age that can
possibly be claimed for them, they are not older
than the drift, or boulder clay, which, in com-
parison with the chalk, is but a very juvenile
deposit. You need go no further than your own
sea-board for evidence of this fact. At one of the
most charming spots on the coast of Norfolk,
Cromer, you will see the boulder clay forming a
vast mass, which lies upon the chalk, and must
consequently have come into existence after it.
Huge boulders of chalk are, in fact, included in
the clay, and have evidently been brought to the
position they now occupy by the same agency as
that which has planted blocks of syenite from
Norway side by side with them.
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The chalk, then, is certainly older than the
boulder clay. If you ask how much, I will again
take you no further than the same spot upon your
own coasts for evidence. I have spoken of the
boulder clay and drift as resting upon the chalk.
That is not strictly true. Interposed between the
chalk and the drift is a comparatively insignifi-
cant layer, containing vegetable matter. But that
layer tells a wonderful history. It is full of stumps
of trees standing as they grew. Fir-trees are there
with their cones, and hazel-bushes with their
nuts; there stand the stools of oak and yew trees,
beeches and alders. Hence this stratum is appro-
priately called the “ forest-bed.”

It is obvious that the chalk must have been
upheaved and converted into dry land, before the
timber trees could grow upon it. As the bolls of .
some of these trees are from two to three feet in
diameter, 1t is no less clear that the dry land thus
formed remained in the same condition for long
ages. And not only do the remains of stately
oaks and well-grown firs testify to the duration of
this condition of things, but additional evidence to
the same effect is afforded by the abundant re-
mains of elephants, rhinoceroses, hippopotamuses,
and other great wild beasts, which it has yielded
to the zealous search of such men as the Rev. Mr.
Gunn. When you look at such a collection as he
has formed, and bethink you that these elephan-
tine bones did veritably carry their owners about,
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and these great grinders crunch, in the dark woods
of which the forest-bed is now the only trace, it is
impossible not to feel that they are as good
evidence of the lapse of time as the annual rings
of the tree stumps.

Thus there is a writing upon the wall of cliffs
at Cromer, and whoso runs may read it. It tells
us, with an authority which cannot be impeached,
that the ancient sea-bed of the chalk sea was
raised up, and remained dry land, until it was
covered with forest,stocked with the great game the
spoils of which have rejoiced your geologists. How
long it remained in that condition cannot be said ;
but “the whirligig of time brought its revenges”
in those days as in these. That dry land, with
the bones and teeth of generations of long-lived
elephants, hidden away among the gnarled roots
and dry leaves of its ancient trees, sank gradually
to the bottom of the icy sea, which covered it with
huge masses of drift and boulder clay. Sea-beasts,
such as the walrus, now restricted to the extreme
north, paddled about where birds had twittered
among the topmost twigs of the fir-trees. How
long this state of things endured we know not,
but at length it came to an end. The upheaved
glacial mud hardened into the soil of modern
Norfolk. Forests grew once more, the wolf and
the beaver replaced the reindeer and the elephant ;
and at length what we call the history of England
dawned.

Thus you have, within the limits of your own
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county, proof that the chalk can justly claim a
very much greater antiquity than even the oldest
physical traces of mankind. But we may go fur-
ther and demonstrate, by evidence of the same
authority as that which testifies to the existence
of the father of men, that the chalk is vastly older
than Adam himself. The Book of Genesis informs
us that Adam, immediately upon his creation, and
before the appearance of Eve, was placed in the
Garden of Eden. The problem of the geographical
position of Eden has greatly vexed the spirits of
the learned in such matters, but there is one
point respecting which, so far as I know, no com-
mentator has ever raised a doubt. This is, that
of the four rivers which are said to run out of it,
Euphrates and Hiddekel are identical with the
rivers now known by the names of Euphrates and
Tigris. But the whole country in which these
mighty rivers take their origin, and through
which they run, is composed of rocks which are °
either of the same age as the chalk, or of later
date. So that the chalk must not only have been
formed, but, after its formation, the time required
for the deposit of these later rocks, and for their
upheaval into dry land, must have elapsed, before
the smallest brook which feeds the swift stream
of “the great.river, the river of Babylon,” began
to flow.

Thus, evidence which cannot be rebutted, and
which need not be strengthened, though if time
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permitted I might indefinitely increase its quantity,
compels you to believe that the earth, from the
time of the chalk to the present day, has been the
theatre of a series of changes as vast in their
amount, as they were slow in their progress. The
area on which we stand has been first sea and
then land, for at least four alternations; and has
remained in each of these conditions for a period
of great length.

Nor have these wonderful metamorphoses of sea
into land, and of land into sea, been confined to one
corner of England. During the chalk period, or
“ cretaceous epoch,” not one of the present great
physical features of the globe was in existence.
Our great mountain ranges, Pyrenees, Alps,
Himalayas, Andes, have all been upheaved since
the chalk was deposited, and the cretaceous sea
flowed over the sites of Sinai and Ararat. All
this is certain, because rocks of cretaceous, or still
later, date have shared in the elevatory movements
which gave rise to these mountain chains; and
may be found perched up, in some cases, many
thousand feet high upon their flanks. And evi-
dence of equal cogency demonstrates that, though,
in Norfolk, the forest-bed rests directly upon the
chalk, yet it does so, not because the period at
which the forest grew immediately followed that
at which the chalk was formed, but because an
immense lapse of time, represented elsewhere by
thousands of feet of rock, is not indicated at Cromer
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I must ask you to believe that there is no less
conclusive proof that a still more prolonged suc-
cession of similar changes occurred, before the
chalk was deposited. Nor have we any reason to
think that the first term in the series of these
changes is known. The oldest sea-beds preserved
to us are sands, and mud, and pebbles, the wear
and tear of rocks which were formed in still older
oceans.

But, great as is the magnitude of these physical
changes of the world, they have been accompanied
by a no less striking series of modifications in its
living inhabitants. All the great classes of
animals, beasts of the field, fowls of the air,
creeping things, and things which dwell in the
waters, flourished upon the globe long ages before
the chalk was deposited. Very few, however, if
any, of these ancient forms of animal life were
identical with those which now live. Certainly
not one of the higher animals was of the same
species as any of those now in existence. The
beasts of the field, in the days before the chalk,
were not our beasts of the field, nor the fowls of
the air such as those which the eye of men has
seen flying, unless his antiquity dates infinitely
further back than we at present surmise. If we
could be carried back into those times, we should
be as one suddenly set down in Australia before it
was colonized. We should see mammals, birds,
reptiles, fishes, insects, snails, and the like, clearly
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recognizable as such, and yet not one of them
would be just the same as those with which we
are familiar, and many would be extremely
different.

From that time to the present, the population
of the world has undergone slow and gradual, but
incessant, changes. There has been no grand
catastrophe—no destroyer has swept away the
forms of life of one period, and replaced them by
a totally new creation: but one species has
vanished and another has taken its place;
creatures of one type of structure have diminished,
those of another have increased, as time has
passed on. And thus, while the differences be-
tween the living creatures of the time before the
chalk and those of the present day appear
startling, if placed side by side, we are led from,
one to the other by the most gradual progress, if
we follow the course of Nature through the|
whole series of those relics of her operations whicl
she has left behind. It is by the population o
the chalk sea that the ancient and the mode
inhabitants of the world are most completely con+
nected. The groups which are dying out flourish,
side by side, with the groups which are now the
dominant forms of life. Thus the chalk contains
remains of those strange flying and swiinming
reptiles, the pterodactyl, the ichthyosaurus, and
the plesiosaurus, which are found in no later
deposits, but abounded in preceding ages. The
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chambered shells called ammonites and belemnites,
which are so characteristic of the period pre-
ceding the cretaceous, in like manner die with it.

But, amongst these fading remainders of a
previous state of things, are some very modern
forms of life, looking like Yankee pedlars among
a tribe of Red Indians. Crocodiles of modern
type appear; bony fishes, many of them very
similar to existing species, almost supplant the
forms of fish which predominate in more ancient
seas; and many kinds of living shell-fish first
become known to us in the chalk. The vegetation
acquires a modern aspect. ! A few living animals
are not even distinguishable as species, from those
which existed at that remote epoch. The Glcli-
gerina of the present day, for example, is not
different specitically from that of the chalk; and
the same may be said of many other Foraminifera.

think it probable that critical and unprejudiced

(:xamination will show that more than one species

of much higher animals have had a similar lon-
\gevity; but the only example which I can at
present give confidently is the snake’s-head lamp-
shell (Tercbratuling caput serpentis), which lives in
our English seas and abounded (as Zercbratuling
striata of authors) in the chalk.

The longest line of human ancestry must hide
its diminished head before the pedigree of this
insignificant shell-fish. We Englishmen are proud
to have an ancestor who was present at the
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Battle of Hastings. ‘The ancestors of Tercbratulina
caput serpentis may have been present at a battle
of Ichthyosauria in that part of the sea which,
when the chalk was forming, flowed over the site
of Hastings. While all around has changed, this
Terebratuling has peacefully propagated its species
from generation to generation, and stands to this
day, as a living testimony to the continuity of the
present with the past history of the globe.

Up to this moment I have stated, so far as T
know, nothing but well-authenticated facts, and
the immediate conclusions which they force upon
the mind. But the mind is so constituted that it
does not willingly rest in facts and immediate
causes, but seeks always after a knowledge of the
remoter links in the chain of causation.

Taking the many changes of any given spot of
the earth’s surface, from sea to land and from land
to sea, as an established fact, we cannot refrain
from asking ourselves how these changes have
occurred. And when we have explained them—
as they must be explained—by the alternate slow
movements of elevation and depression which
have affected the crust of the earth, we go still
further back, and ask, Why these movements ?

I am not certain that any one can give you a
satisfactory answer to that question. Assuredly I
cannot. All that can be said, for certain, is, that
such movements are part of the ordinary course

189



34 ON A PIECE OF CHALK 1

A ( of nature, inasmuch as they are going on at the

¥ \_present time. Direct proof may be given, that
some parts of the land of the northern hemisphere
are at this moment insensibly rising and others
insensibly sinking; and there is indirect, but per-
fectly satisfactory, proof, that an enormous area
now covered by the Pacific has been deepened
thousands of feet, since the present inhabitants of
that sea came into existence. Thus there is not
a shadow of a reason for believing that the
physical changes of the globe, in past times, have
been effected by other than natural causes. Is
there any more reason for believing that the con-
comitant modifications in the forms of the living
inhabitants of the globe have been brought about
in other ways?

Before attempting to answer this question, let
us try to form a distinct mental picture of what
has happened in some special case. The crocodiles
are animals which, as a group, have a very vast
antiquity. They abounded ages before the chalk
was deposited ; they throng the rivers in warm
climates, at the present day. There is a difference
in the form of the joints of the back-bone, and in
some minor particulars, between the crocodiles of
the present epoch and those which lived before
the chalk ; but, in the cretaceous epoch, as I have
already mentioned, the crocodiles had assumed
the modern type of structure. Notwithstand-
ing this, the crocodiles of the chalk are not
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identically the same as those which lived in the
times called “older tertiary,” which succeeded the
cretaceous epoch ; and the crocodiles of the older
tertiaries are not identical with those of the
newer tertiaries, nor are these identical with
existing forms. I leave open the question whether
particular species may have lived on from epoch
to epoch. But each epoch has had its peculiar
crocodiles; though all, since the chalk, have
belonged to the modern type, and differ simply in
their proportions, and in such structural particulars
as are discernible only to trained eyes.

How is the existence of this long succession of
different species of crocodiles to be accounted for?
Only two suppositions seem to be open to us—
Either each species of crocodile has been specially
created, or it has arisen out of some pre-existing
form by the operation of natural causes. Choose
your hypothesis; I have chosen mine. I can find
no warranty for believing in the distinct creation
of a score of successive species of crocodiles in the
course of countless ages of time. Science gives
no countenance to such a wild fancy; nor can
even the perverse ingenuity of a commentator
pretend to discover this sense, in the simple words
in which the writer of Genesis records the pro-
ceedings of the fifth and six days of the Creation.

On the other hand, I see no good reason for
doubting the necessary alternative, that all these
varied species have been evolved from pre-existing
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[ crocodilian forms, by the operation of causes as
completely a part of the common order of nature
as those which have effected the changes of the

\ inorganic world. Few will venture to affirm that
the reasoning which applies to crocodiles loses its
force among other animals, or among plants. If
one series of species has come into existence by
the operation of natural causes, it seems folly to
deny that all may have arisen in the same way.

A small beginning has led us to a great ending.
If I were to put the bit of chalk with which we
started into the hot but obscure flame of burning
hydrogen, it would presently shine like the sun.
It seems to me that this physical metamorphosis
is no false image of what has been the result of
our subjecting it to a jet of fervent, though no-
wise brilliant, thought to-night. It has become
luminous, and its clear rays, penetrating the abyss
of the remote past, have brought within our ken
some stages of the evolution of the earth. And
in the shifting “ without haste, but without rest”
of the land and sea, as in the endless variation of
the forms assumed by living beings, we have

\observed nothing but the natural product of the
\forces originally possessed by the substance of the
noiverse.

4
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THE PROBLEMS OF THE DEEP SEA
[1873]

ONthe 21stof December, 1872, H.M.S. Challenger,an
eighteen gun corvette, of 2,000 tons burden, sailed
from Portsmouth harbour for a three,or perhapsfour,
years' cruise. No man-of-war ever left that famous
port before with so singular an equipment. Two of
the eighteen sixty-eight pounders of the Challenger’s
armament remained to enable her to speak with
effect to sea-rovers, haply devoid of any respect
for science, in the remote seas for which she is
bound ; but the main-deck was, for the most part,
stripped of its war-like gear, and fitted up with
physical, chemical, and biological laboratories;
photography had its dark cabin; while apparatus
for dredging, trawling, and sounding; for photo-
meters and for thermometers, filled the space
formerly occupied by guns and gun-tackle, pistols
and cutlasses.
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The crew of the Challenger match her fittings.
Captain Nares, his officers and men, are ready to
look after the interests of hydrography, work ‘the
ship, and, if need be, fight her as seamen should ;
while there is a staff of scientific civilians, under
the general direction of Dr. Wyville Thomson,
F.R.S. (Professor of Natural History in Edinburgh
University by rights, but at present detached fér
duty 4n partibus), whose business it is to turn all
the wonderfully packed stores of appliances to
account, and to accumulate, before the ship returns
to England, such additions to natural knowledge
as shall justify the labour and cost involved in the
fitting out and maintenance of the expedition.

Under the able and zealous superintendence of
the Hydrographer, Admiral Richards, every pre-
caution which experience and forethought could
devise has been taken to provide the expedition
with the material conditions of success; and it
would seem as if nothing short of wreck or pesti-
lence, both most improbable contingencies, could
prevent the Challenger from doing splendid work,
and opening up a new era in the history of scien-
tific voyages.

The dispatch of this expedition is the culmina-
tion of a series of such enterprises, gradually in-
creasing in magnitude and importance, which the
Admiralty, greatly to its credit, has carried out for
some years past; and the history of which is given
by Dr. Wyville Thomson in the beautifully illus-
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trated volume entitled “ The Depths of the Sea,”
published since his departure.

“In the spring of the year 1868, my friend Dr. W. B. Car-
penter, at that time one of the Vice-Presidents of the Royal
Society, was with me in Ircland, where we were working out
together the structure and development of the Crinoids. I had
long previously had a profound conviction that the land of
promise for the naturalist, the only remaining region where
there were endless novelties of extraordinary interest ready to
the hand which had the means of gathering them, was the
bottom of the deep sea. I had even had a glimpse of some of
these treasures, for I had scen, the year before, with Prof. Sars,
the forms which I have already mentioned dredged by his son
at a depth of 300 to 400 fathoms off the Lofloten Islands. I
propounded my views to my fellow-labourer, and we discussed
the subject many times over our microscopes. I strongly urged
Dr. Carpenter to use his influence at head-quarters to induce the
Admiralty, probably throngh the Council of the Royal Society,
to give us the use of a vessel properly fitted with dredging gear
and all necessary scientific apparatus, that many heavy questions
as to the state of things in the depths of the ocean, which were
still in a state of uncertainty, might be definitely settled.
After full consideration, Dr. Carpenter promised his hearty co-
operation, and we agreed that I should write to him on his
return to London, indicating generally the results which I an-
ticipated, and sketching out what I conceived to be a promising
line of inquiry. The Council of the Royal Society warmly
supported the proposal ; and I give here in chronological order
the short and eminently satisfactory correspondence which led
to the Admiralty placing at the disposal of Dr. Carpenter and
myself the gunboat_Lighining, under the command of Staff-
Commander May, R.N., in the summer of 1868, for a trial
cruise to the North of Scotland, and afterwards to the much
wider surveys in ’Eﬁl[‘f’mm Captain Calver, R.N.,
which were made with the additional association of Mr. Gwyn
Jeffreys, in the summers of the years 1869 and 1870.”1

1 Tke Dcpths of the Seca, pp. 49-50.




40 THE PROBLEMS OF THE DEEP SEA n

Plain men may be puzzled to understand why
Dr. Wyville Thomson, not being a cynic, should
relegate the “Land of Promise ” to the bottom of
the deep sea; they may still more wonder what
manner of “milk and honey” the Challenger
expects to find; and their perplexity may well
rise to its maximum, when they seek to divifle the
manner in which that milk and honey are to be
got out of so inaccessible a Canaan. I will, there-
fore, endeavour to give some answer to these
questions in an order the reverse of that in which
I have stated them.

Apart from hooks, and lines, and ordinary nets,
fishermen have, from time immemorial, made use
of two kinds of implements for getting at sea-
creatures which live beyond tide-marks—these are
the “dredge” and the “trawl” The dredge is
used by oyster-fishermen. Imagine a large bag,
the mouth of which has the shape of an elongated
parallelogram, and is fastened to an iron frame of
the same shape, the two long sides of this rim
being fashioned into scrapers. Chains attach the
ends of the frame to a stout rope, so that when
the bag is dragged along by the rope the edge of one
of the scrapers rests on the ground, and scrapes
whatever it touches into the bag. The oyster-
dredger takes one of these machines in his boat,
and when he has reached the oyster-bed the
dredge is tossed overboard ; as soon as it has sunk
to the bottom the rope is paid out sufficiently
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to prevent it from pulling the dredge directly
upwards, and is then made fast while the boat
goes ahead. The dredge is thus dragged along
and scrapes oysters and other sea-animals and
plants, stones, and mud into the bag. When the
dredger judges it to be full he hauls it up, picks
out the oysters, throws the rest overboard, and
begins again.

Dredging in shallow water, say ten to twenty
fathoms, is an easy operation emough; but the
deeper the dredger goes, the heavier must be his
vessel, and the stouter his tackle, while the opera-
tion of hauling up becomes more and more
laborious. Dredging in 150 fathoms is very hard
work, if it has to be carried on by manual labour ;
but by the use of the donkey-engine to supply
power,! and of the contrivances known as “accumu-
lators,” to diminish the risk of snapping the dredge
rope by the rolling and pitching of the vessel, the
dredge has been worked deeper and deeper, until
at last, on the 22nd of July, 1869, H.M.S. Porcupine
being in the Bay of Biscay, Captain Calver, her
commander, performed the unprecedented feat of
dredging in 2,435 fathoms, or 14,610 feet, a depth

! Tlie emotional side of the scientific nature has its singulari-
ties. Many persons will call to mind a certain philosopher’s
tenderness over his watch—¢“the little creature "—which was
so singularly lost and found again. But Dr. Wyville Thomson
surpasses the owner of the watch in his loving-kindness towards
a donkey-engine. ‘‘This little engine was the comfort of our
lives. Once or twice it was overstrained, and then we pitied the
willing little thing, pauting like an overtaxed horse.”
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nearly equal to the aeight of Mont Blanc. The
dredge “ was rapidly hauled on deck at one o’clock
in the morning of the 23rd, after an absence of
7} hours, and a journey of upwards of eight statute
miles,” with a hundred weight and a half Q‘ solid
contents.

The trawl is a sort of net for catching those fish
which habitually live at the bottom of the sea,
such as soles, plaice, turbot, and gurnett. The
mouth of the net may be thirty or forty feet wide,
and one edge of its mouth is fastened to a beam
of wood of the same length. The two ends of the
beam are supported by curved pieces of iron,
which raise the beam and the edge of the net
which is fastened to it, for a short distance, while
the other edge of the mouth of the net trails upon
the ground. The closed end of the net has the
form of a great pouch; and, as the beam is
dragged along, the fish, roused from the bottom
by the sweeping of the net, readily pass into its
mouth and accumulate in the pouch at its end.
After drifting with the tide for six or seven hours
the trawl is hauled up, the marketable fish are
picked out, the others thrown away, and the trawl
sent overboard for another operation.

More than a thousand sail of well-found trawlers
are constantly engaged in sweeping the seas
around our coast in this way, and it is to them
that we owe a very large proportion of our supply
of fish. The difficulty of trawling, like that of

R—
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dredging, rapidly increases with the depth at
which the operation is performed ; and, until the
other day, it is probable that trawling at so great
a depth as 100 fathoms was something unheard of.
But the first news from the Challenger opens up
new possibilities for the trawl

Dr. Wyville Thomson writes (“ Nature,” March
20, 1873) :—

‘“For the first two or three hauls in very deep water off the
coast of Portugal, the dredge came up filled with the usual
¢Atlantic ooze,” tenacious and uniform throughout, and the
work of howrs, in sifting, gave the very smallest possible result,
We were extremely anxious to get some idea of the general
character of the Fauna, and particularly of the distribution of
the higher groups ; and after various suggestions for modification
of the dredge, it was proposed to try the ordinary trawl. We
had a compact trawl, with a 15-fcet beam, on board, and we
sent it down off Cape St. Vincent at a depth of 600 fathoms.
The experiment looked hazardous, but, to our great satisfaction,
the trawl came up all right and contained, with many of the
larger invertebrata, several fishes, . . . After the first attempt
we tried the trawl several times at depths of 1090, 1525, and,
finally, 2125 fathoms, and always with success.”

To the coral-fishers of the Mediterranean, who
seek the precious red coral, which grows firmly
fixed to rocks at a depth of sixty to eighty
fathoms, both the dredge and the trawl would be
useless. They, therefore, have recourse to a sort
of frame, to which are fastened long bundles of
loosely netted hempen cord, and which is lowered
by a rope to the depth at which the hempen cords
can sweep over the surface of the rocks and break
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off the coral, which is brought up entangled in the
cords. A similar contrivance has arisen out of the
necessities of deep-sea exploration. 4

In the course of the dredging of the Porcupine,
it was frequently found that, while few objects of
interest were brought up within the dredge, many
living creatures came up sticking to the outside of
the dredge-bag, and even to the first few fathoms
of the dredge-rope. The mouth of the dredge
doubtless rapidly filled with mud, and thus the
things it should bhave brought up were shut out.
To remedy this inconvenience Captain Calver
devised an arrangement not unlike that employed
by the coral-fishers. He fastened half a dozen
swabs, such as are used for drying decks, to the
dredge. A swab is something like what a birch-
broom would be if its twigs were made of long,
coarse, hempen yarns. These dragged along after
the dredge over the surface of the mud, and en-
tangled the creatures living there—multitudes of
which, twisted up in the strands of the swabs,
were brought to the surface with the dredge. A
further improvement was made by attaching a
long iron bar to the bottom of the dredge bag,and
fastening large bunches of teased-out hemp to the
end of this bar. These “tangles” bring up
immense quantities of such animals as have long
arms, or spines, or prominences which readily
become caught in the hemp, but they are very
destructive tc the fragile organisms which they

JRp—
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imprison ; and, now that the trawl can be success-
fully worked at the greatest depths, it may be
expected to supersede them; at least, wherever
the ground is soft enough to permit of trawling.

It is obvious that between the dredge, the trawl,
and the tangles, there is little chance for any
organism, except such as are able to burrow
rapidly, to remain safely at the bottom of any part
of the sea which the Challenger undertakes to
explore. And, for the first time in the history of
scientific exploration, we have a fair chance of learn-
ing what the population of the depths of the sea is
like in the most widely different parts of the world

And now arises the next question. The means
of exploration being fairly adequate, what forms
of life may be looked for at these vast depths?

The systematic study of the Distribution of
living beings is the most modern branch of Biolo-
gical Science, and came into existence long after
Morphology and Physiology had attained a con-
siderable development. This naturally does not
imply that, from the time men began to observe
natural phenomena, they were ignorant of the fact
that the animals and plants of one part of the
world are different from those in other regions; or
that those of the hills are different from those of
the plains in the same region; or finally that
some marine creatures are found only in the
shallows, while others inhabit the deeps. Never-
theless, it was only after the discovery of America



46 THE PROBLEMS OF THE DEEP SEA n

that the attention of naturalists was powerfully
drawn to the wonderful differencd between the
animal population of the central and southern
parts of the new world and that of those parts of
the old world which lie under the same parallels of
latitude. So far back as 1667 Abraham Mylius,
in his treatise “ De Animalium origine et migratione
populorum,” argues that, since there are innumer-
able species of animals in America which do not
exist elsewhere, they must have been made and
placed there by the Deity: Buffon no less forcibly

_ insists upon the difference between the Faunee of
the old and new world. But the first attempt to
gather facts of this order into a whole, and to co-
ordinate them into a series of generalizations, or
laws of Geographical Distribution, is not a century
old, and is contained in the “Specimen Zoologice
Geographicee Quadrupedum Domicilia et Migra-
tiones sistens,” published, in 1777, by the learned
Brunswick Professor, Eberhard Zimmermann, who
illustrates his work by what he calls a “ Tabula
Zoographica,” which is the oldest distributional
map known to me.

In regard to matters of fact, Zimmermann’s
chief aim is to show that among terrestrial
mammals, some occur all over the world, while
others are restricted to particular areas of greater
or smaller extent; and that the abundance of
species follows temperature, being greatest in warm
and least in cold climates. But marine animals

e e
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he thinks, obey no such law. The Arctic and
Atlantic seas, he says, are as full of fishes and
other animals as those of the tropics. It is, there-
fore, clear that cold does not affect the dwellers
in the sea as it does land animals, and that this
must be the case follows from the fact that sea
water, “propter varias quas continet bituminis
spiritusque particulas,” freezes with much more
difficulty than fresh water. On the other hand,
the heat of the Equatorial sun penetrates but a
short distance below the surface of the ocean.
Moreover, according to Zimmermann, the incessant
disturbance of the mass of the sea by winds and
tides, so mixes up the warm and the cold that
life is evenly diffused and abundant throughout
the ocean.

In 1810, Risso, in his work on the Ichthyology
of Nice, laid the foundation of what has since been
termed “ bathymetrical ” distribution, or distribu-
tion in depth, by showing that regions of the sea
bottom of different depths could be distinguished
by the fishes which inhabit them. There was the
littoral region between tide marks with its sand-
cels, pipe fishes, and blennies: the scaweed region,
extending from lowwater-mark to a depth of 450
feet, with its wrasses, rays, and flat fish; and the
deep-sea region, from 450 feet to 1500 feet or more,
with its file-fish, sharks, gurnards, cod, and sword-
fish.

More than twenty years later, MM. Audouin and
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Milne Edwards carried out the pn'ncﬁle of distin-
guishing the Faunz of different zones of depth
much more minutely, in their “ Recherches pour
servir & I'Histoire Naturelle du Littoral de la
France,” published in 1832.

They divide the area included between high-
water-mark and lowwater-mark of spring tides
(which is very extensive, on account of the great
rise and fall of the tide on the Normandy coast
about St. Malo, where their observations were
made) into four zones, each characterized by its
peculiar invertebrate inhabitants. Beyond the
fourth region they distinguish a fifth, which is
never uncovered, and is inhabited by oysters,
scallops, and large starfishes and other animals.
Beyond this they seem to think that animal life
is absent.!

Audouin and Milne Edwards were the first to
see the importance of the bearing of a knowledge
of the manner in which marine animals are
distributed in depth, on geology. They suggest
that, by this means, it will be possible to judge
whether a fossiliferous stratum was formed upon
the shore of an ancient sea, and even to determine
whether it was deposited in shallower or deeper
water on that shore; the association of shells of
animals which live in different zones of depth will

1 <« Enfin plus bas encore, c’est-a-dire alors loin des cbtes, le
fond des eaux ne parait plus étre habité, du moins dans nos

mers, par aucun de ces animaux” (L c. tom. i. p. 237). The
*‘ces animaux ” leaves the meaning of the authors doubtful.
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t prove that the shells have been transported into
the position in which they are found; while, on
the other hand, the absence of shells in a deposit
will not justify the conclusion that the waters in
which it was formed were devoid of animal in-
habitants, inasmuch as they might have been only
too deep for habitation.

The new line of investigation thus opemed by
the French naturalists was followed up by the
Norwegian, Sars, in 1835, by Edward Forbes, in
our own country, in 1840} and by Ersted, in
Denmark, a few years later. The genius of
Forbes, combined with his extensive knowledge of
botany, invertebrate zoology, and geology, enabled
him to do more than any of his compeers, in
bringing the importance of distribution in depth
into notice; and his researches in the Agean Sea,

1 In the paper in the Memoirs of the Survey cited farther on,
Forbes writes :—

““In an essay ‘On the Association of Mollusca on the
British Coasts, considered with reference to Pleistocene
Geology,’ printed in [the Edinburgh Academic Annual for] 1840,
I described the mollusca, as distributed on our shores and seas,
in four great zones or regions, usually denominated ‘The Lit-
toral Zone,” ‘The region of Laminarie,’ ‘ The region of Coral-
lines,” and ‘The region of Corals.” An extensive series of
researches, chiefly conducted by the members of the committee
appointed by tho British Association to investigate the marine
geology of Britain by means of the dredge, have not invalidated
this classification, and the researches of Professor Lovén, in the
Norwegian and Lapland secas, have borne out their correctness,
The first two of the regions above mentioned had been previ.
ously noticed by Lamouroux, in his account of the distribution
(vertically) of sea-weeds, by Audouin and Milne Edwards in
their Observations on the Natural History of the coast of France,
and by Sars in the preface to his Beskrivelser og Juyttagelser.”

190
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and still more his remarkable paper “ On the Geo-
logical Relations of the existing Fauna and Flora of
the British Isles,” published in 1846, in the first
volume of the “ Memoirs of the Geological Survey
of Great Britain,” attracted universal attention.
On the coasts of the British Islands, Forbes
distinguishes four zones or regions, the Littoral
(between tide marks), the Laminarian (between
lowwater-mark and 15 fathoms), the Coralline
(from 15 to 50 fathoms), and the Deep sea
or Coral region (from 50 fathoms to beyond 100
fathoms). But, in the deeper waters of the Agean
Sea, between the shore and a depth of 300
fathoms, Forbes was able to make out no fewer
than eight zones of life, in the course of which the
number and variety of forms gradually diminished ;
until, beyond 300 fathoms, life disappeared alto-
gether. Hence it appeared as if descent in the
sea had much the same effect on life, as ascent .
on land. Recent investigations appear to show
that Forbes was right enough in his classification
of the facts of distribution in depth as they are to
be observed in the Agean; and though, at the
time he wrote, one or two observations were
extant which might have warned him not to
generahze too extensively from his Zgean ex-
perience, his own dredging work was so much
more extensive and systematic than that of any
other naturalist, that it is not wonderful he should
have felt justified in building upon it. Never-
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theless, so far as the limit of the range of life in
depth goes, Forbes’ conclusion has been completely
negatived, and the greatest depths yet attained
show not even an approach to a “zero of life” :—

*“ During the several cruises of H.M. ships Lightning and
Porcupine in the years 1868, 1869, and 1870,” says Dr. Wyville
Thomson, *fifty-seven hauls of the dredge were taken in the
Atlantic at depths beyond 500 fathoms, and sixteen at depths
beyond 1,000 fathoms, and, in all cases, life was abundant. In
1869, we took two casts in depths greater than 2,000 fathoms.
In both of these life was abundant ; and with the deepest cast,
2,435 fathoms, off the mouth of the Bay of Biscay, we took
living, well-marked and characteristic examples of all the five
invertebrate sub-kingdoms. And thus the question of the
existence of abundant animal life at the bottom of the sea has
been finally settled and for all depths, for there is no reason
to suppose that the depth anywhere exceeds between three and
four thousand fathoms ; and if there be nothing in the condi-
tions of a depth of 2,500 fathoms to prevent the full develop-
wment of a varied Fauna, it isimpossible to suppose that even an
additional thousand fathoms would make any great difference.”!

As Dr. Wyville Thomson’s recent letter, cited
above, shows, the use of the trawl, at great depths,
has brought to light a still greater diversity of life.
Fishes came up from a depth of 600 to more than

1 The Depths of the Sea, p. 80. Results of a similar kind,
obtained by previous observers, are stated at length in the sixth
chapter, pp. 267-280. The dredgings carried out by Count
Pourtales, under the anthority of Professor Peirce, the Super-
intendent of the United States Coast Survey, in the years
1867, 1868, and 1869, are particularly noteworthy, and it is
probably not too much to say, in the words of Professor
Agassiz, ‘‘that we owe to the coast survey the first broad and
comprehensive basis for an explaration of the sea bottom on a
Jarge scale, opening & mew cra in zoological and geological
research.”
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1,000 fathoms, all “in a peculiar condition from
the expansion of the air contained in their bodies.
On their relief from the extreme pressure, their
eyes, especially, had a singular appearance, pro-
truding like great globes from their heads.”
Bivalve and univalve mollusca seem to be rare at
the greatest depths; but starfishes, sea urchins,
and other echinoderms, zoophytes, sponges, and
protozoa abound.

It is obvious that the Challenger has the
privilege of opening a new chapter in the history
of the living world. She cannot send down her
dredges and her trawls into these virgin depths of
the great ocean without bringing up a discovery.
Even though the thing itself may be neither
“rich nor rare,” the fact that it came from that
depth, in that particular latitude and longitude,
will be a new fact in distribution, and, as such,
have a certain importance.

But it may be confidently assumed that the
things brought up will very frequently be zoo-
logical novelties; or, better still, zoological
antiquities, which, in the tranquil and little-
changed depths of the ocean, have escaped the
causes of destruction at work in the shallows, and
represent the predominant population of a pass
age.

It has been seen that Audouin and Milne
Edwards foresaw the general influence of the
study of distribution in depth upon the interpreta-
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tion of geological phenomena. Forbes connected
the two orders of inquiry still more closely; and
in the thoughtful essay “On the connection be-
tween the distribution of the existing Fauna and
Flora of the British Isles, and the geological
changes which have affected their area, especially
during the epoch of the Northern drift,” to which
reference has already been made, he put forth a
most pregnant suggestion.

In certain parts of the sea bottom in the imme-
diate vicinity of the British Islands, as in the
Clyde district, among the Hebrides, in the Moray
Firth, and in the German Ocean, there are de-
pressed are, forming a kind of submarine valleys,
the centres of which are from 80 to 100 fathoms,
or more, deep. These depressions are inhabited
by assemblages of marine animals, which differ
from those found over the adjacent and shallower
region, and resemble those which are met with
much farther north, on the Norwegian coast.
Forbes called these Scandinavian detachments
“ Northern outliers.”

How did these isolated patches of a northern
population get into these deep places? To
explain the mystery, Forbes called to mind the
fact that, in the epoch which immediately pre-
ceded the present, the climate was much colder
(whence the name of “glacial epoch” applied to
it); and that the shells which are found fossil, or
sub-fossil, in deposits of that age are precisely such



b4 THE PROBLEMS OF THE DEEP SEA 1

as are now to be met with only in the Scandinavian,
or still more Arectic, regions. Undoubtedly, during
the glacial epoch, the general population of our
seas had, universally, the northern aspect which
is now presented only by the “northern outliers”;
just as the vegetation of the land, down to the
sea-level, had the northern character which is, at
present, exhibited only by the plants which live
on the tops of our mountains. But, as the glacial
epoch passed away, and the present climatal con-
ditions were developed, the northern plants were
able to maintain themselves only on the bleak
heights, on which southern forms could not com-
pete with them. And, in like manner, Forbes sug-
gested that, after the glacial epoch, the northern
animals then inhabiting the sea became restricted
to the deeps in which they could hold their
own against invaders from the south, better fitted
than they to flourish in the warmer waters of the
shallows. Thus depth in the sea corresponded in
its effect upon distribution to height on the
land.

The same idea is applied to the explanation of
a similar anomaly in the Fauna of the Agean :—

“In the deepest of the regions of depth of the ZEgean, the
representation of a Northern Fauna is maintained, partly by
identical and partly by representative forms. . . . The presence
of the latter is essentially due to the law (of representation of
parallels of latitude by zomes of depth), whilst that of the
former species depended on their transmission from their parent
seas during a former epoch, and subsequent isolation. That
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epoch was doubtless the newer Plioceno or Glacial Era, when the
Mya truncsta and other northern forms now extinct in the
Mediterranean, and found fossil in the Sicilian tertiaries,
ranged into that sea. The changes which there destroyed the
shallow water glacial forms, did not affect those living in the
depths, and which still survive,” 1

The conception that the inhabitants of local
depressions of the sea bottom might be a remnant
of the ancient population of the area, which had
held their own in these deep fastnesses against an
invading Fauna, as Britons and Gaels have held
out in Wales and in Scotland against encroaching
Teutons, thus broached by Forbes, received a
wider application than Forbes had dreamed of
when the sounding machine first brought up
specimens of the mud of the deep sea. As I have
pointed out elsewhere? it at once became obvious
that the calcareous sticky mud of the Atlantic
was made up, in the main, of shells of Globigerina
and other Foraminifera, identical with those of
which the true chalk is composed, and the identity
extended even to the presence of those singular
bodies, the Coccoliths and Coccospheres, the true
nature of which is not yet made out. Here then
were organisms, as old as the cretaceous epoch,
still alive, and doing their work of rock-making at
the bottom of existing seas, What if Globigerina

1 Memoirs of the Geological Survey of Qreat Brilain, Vol. i
p. 390.
4 See above, * On a Picce of Chalk,” p. 13.
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and the Coccoliths should not be the only sur-
vivors of a world passed away, which are hidden
beneath three miles of salt water? The letter
which Dr. Wyville Thomson wrote to Dr. Car-
penter in May, 1868, out of which all these expe-
ditions have grown, shows that this query had
become a practical problem in Dr. Thomson’s
mind at that time; and the desirableness of
solving the problem is put in the foreground of
his reasons for urging the Government to under-
take the work of exploration :—

¢ Two years ago, M. Sars, Swedish Government Inspector of
Fisheries, had an opportunity, in his official capacity, of dredg-
ing off the Loffoten Islands at a depth of 300 fathoms. I
visited Norway shortly after his return, and had an opportunity
of studying with his father, Professor Sars, some of his results.
Animal forms were abundant; many of them were new to
science ; and among them was one of surpassing interest, the
small crinoid, of which you have a specimen, and which we at
once recognised as a degraded type of the Apiocrinide, an order
hitherto regarded as extinct, which attained its maximum in
the Pear Encrinites of the Jurassic period, and whose latest
represeutative hitherto known was the Bowrgucttocrinus of the
chalk. Some years previously, Mr. Absjornsen, dredging in 200
fathoms in the Hardangerfjord, procured several examplés of a
Starfish (Brisinga), which seems to find its nearest ally in the
fossil genus Protaster. These observations place it beyond a
doubt that animal life is abundant in the ocean at depths
varying from 200 to 300 fathoms, that the forms at these great
depths differ greatly from those met with in ordinary dredgings,
and that, at all events in some cases, these animals are closely
allied to, and would seem to be directly descended from, the
Fanna of the early tertiaries.

] think the latter result might almost have been antici.



n THE PROBLEMS OF THE DEEP SEA 57

pated ; and, probably, further investigation will largely add to
this class of data, and will give us an opportunity of testing
our determinations of the zoological position of some fossil
types by an examination of the soft parts of their recent
representatives. The main cause of the destruction, the migra-
tion, and the extreme modification of animal types, appear to
be change of climate, chiefly depending upon oscillations of the
earth’s crust. These oscillations do not appear to have ranged,
in the Northern portion of the Northern Hemisphere, much
beyond 1,000 feet since the commencement of the Tertiary
Epoch. The temperature of deep waters seems to be constant
for all latitudes at 39° ; so that an immense area of the North
Atlantic must have had its conditions unaffected by tertiary or
post-tertiary oscillations.” !

As we shall see, the assumption that the tem-
perature of the deep sea is everywhere 39° F. (4°
Cent.) i3 an error, which Dr. Wyville Thomson
adopted from eminent physical writers; but the
general justice of the reasoning is not affected by
" this circumstance, and Dr: Thomson’s expectation
has been, to some extent, already verified.

Thus besides Globigerina, there are eighteen
species of deep-sea Foraminifera identical with
species found in the chalk. Imbedded in the
chalky mud of the deep sea, in many locali-
ties, are innumerable cup-shaped sponges, pro-
vided with six-rayed silicious spicula, so disposed
that the wall of the cup is formed of a
lacework of flinty thread. Not less abundant,
in some parts of the chalk formation, are the
fossils known as Ventriculiles, well described by

3 The Depths of the Sea, pp 51-52
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Dr. Thomson as “elegant vases or cups, with
branching root-like bases, or groups of regularly
or irregularly spreading tubes delicately fretted
on the surface with an impressed network like
the finest lace”; and he adds, “ When we com-
pare such recent forms as Aphrocallistes, Iphiteon,
Holtenia, and Askonema, with certain series of the
chalk Ventriculites, there cannot be the slightest
doubt that they belong to the same family—in
some cases to very nearly allied genera.”?

Professor Duncan finds “several corals from the
coast of Portugal more nearly allied to chalk forms
than to any others.”

The Stalked Crinoids or Feather Stars, so
abundant in ancient times, are now exclusively
confined to the deep sea, and the late explorations
have yielded forms of old affinity, the existence
of which has hitherto been unsuspected. The
general character of the group of star fishes
imbedded in the white chalk is almost the same
as in the modern Fauna of the deep Atlantic.
The sea urchins of the deep sea, while none of
them are specifically identical with any chalk
form, belong to the same general groups, and
some closely approach extinct cretaceous genera.

Taking these facts in conjunction with the
positive evidence of the existence, during the
Cretaceous epoch, of a deep ocean where now lies
the dry land of central and southern Europe,

1 The Depths of the Sea, p. 484.
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northern Africa, and western and southern Asia;
and of the gradual diminution of this ocean
during the older tertiary epoch, until it is
represented at the present day by such teacup-
fuls as the Caspian, the Black Sea, and the
Mediterranean; the supposition of Dr. Thomson
and Dr. Carpenter that what is now the deep
Atlantic, was the deep Atlantic (though merged
in a vast easterly extension) in the Cretaceous
epoch, and that the Globigerina mud has been
accumulating there from that time to this, seems
to me to have a great degree of probability. And
I agree with Dr. Wyville Thomson against Sir
Charles Lyell (it takes two of us to have any
chance against his authority) in demurring to the
assertion that “to talk of chalk having been
uninterruptedly formed in the Atlantic is as
inadmissible in a geographical as in a geological
sense.”

If the word “chalk” is to be used as a
stratigraphical term and restricted to Globigerina
mud deposited during the Cretaceous epoch, of
course it is improper to call the precisely similar
mud of more recent date, chalk. If, on the other
hand, it is to be used as a mineralogical term, I
do not see how the modern and the ancient
chalks are to be separated—and, looking at the
matter geographically, I see no reason to doubt
that a boring rod driven from the surface of the
wmud which forms the floor of the mid-Atlantic
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would pass through one continuous mass of
Globigerina mud, first of modern, then of tertiary,
and then of mesozoic date; the “chalks” of
different depths and ages being distinguished
merely by the different forms of other organisms
associated with the Globigerine.

On the other hand, I think it must be admxtted
that a belief in the continuity of the modern with
the ancient chalk has nothing to do with the
proposition that we can, in any sense whatever,
be said to be still living in the Cretaceous epoch.
When the Challenger’s trawl brings up an Ick-
thyosaurus, along with a few living specimens
of Belemnites and Turrilites, it may be admitted
that she has come upon a cretaceous “outlier.”
A geological period is characterized not only
by the presence of those creatures which lived
in it, but by the absence of those which have
only come into existence later; and, however
large a proportion of true cretaceous forms may
be discovered in the deep sea, the modern types
associated with them must be abolished before
the Fauna, as a whole, could, with any propriety,
be termed Cretaceous.

I have now indicated some of the chief lines of
Biological inquiry, in which the Challenger has
special opportunities for doing good service, and
in following which she will be carrying out the
work already commenced by the Zigktning and

e —
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Porcupine in their cruises of 1868 and subsequent
years,

But biology, in the long run, rests upon physics,
and the first condition for arriving at a sound
theory of distribution in the deep sea, is the
precise ascertainment of the conditions of life;
or, in other words, a full knowledge of all those
phenomena which are embraced under the head
of the Physical Geography of the Ocean.

Excellent work has already been done in this
direction, chiefly under the superintendence of Dr.
Carpenter, by the Lightning and the Porcupine}
and some data of fundamental importance to the
physical geography of the sea have been fixed
beyond a doubt.

Thus, though it is true that sea-water steadily
contracts as it cools down to its freezing point,
instead of expanding before it reaches its freezing
point as fresh water does, the truth has been
steadily ignored by even the highest authorities
in physical geography, and the erroneous con-
clusions deduced from their erroneous premises
have been widely accepted as if they were
ascertained facts. Of course, if sea-water, like
fresh water, were heaviest at a temperature of
39° F. and got lighter as it approached 32° F.,
the water of the bottom of the deep sea could not
be colder than 39°. But one of the first results
of the careful ascertainment of the temperature

Y Proccedings of the Loyal Sociely, 1870 aud 1872,
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at different depths, by means of thermometers
specially contrived for the avoidance of the errors
produced by pressure, was the proof that, below
1000 fathoms in the Atlantic,down to the greatest
depths yet sounded, the water has a temperature
always lower than 38° Fahr., whatever be the
temperature of the water at the surface. And
that this low temperature of the deepest water
is probably the universal rule for the depths of
the open ocean is shown, among others, by Captain
Chimmo’s recent observations in the Indian ocean,
between Ceylon and Sumatra, where, the surface
water ranging from 85°—81° Fahr., the tempera-
ture at the bottom, at a depth of 2270 to 2656
fathoms, was only from 34° to 32° Fahr.

As the mean temperature of the superficial
layer of the crust of the earth may be taken at
about 50° Fahr., it follows that the bottom layer
of the deep sea in temperate and hot latitudes,
is, on the average, much colder than either of the
bodies with which it is in contact; for the tem-
perature of the earth is constant, while that of
the air rarely falls so low as that of the bottom
water in the latitudes in question ; and even when
it does, has time to affect only a comparatively
thin stratum of the surface water before the
return of warm weather.

How does this apparently anomalous state of
things come about? If we suppose the globe to
be covered with a universal ocean, it can hardly
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be doubted that the cold of the regions towards
the poles must tend to cause the superficial water
of those regions to contract and become specifically
heavier. Under these circumstances, it would
have no alternative but to descend and spread
over the sea bottom, while its place would be
taken by warmer water drawn from the adjacent
regions. Thus, deep, cold, polar-equatorial currents,
and superficial, warmer, equatorial-polar currents,
would be set up; and as the former would have
a less velocity of rotation from west to east than
the regions towards which they travel, they would
not be due southerly or northerly currents, but
south-westerly in the northern hemisphere, and
north-westerly in the southern; while, by a parity
of reasoning, the equatorial-polar warm currents
would be north-easterly in the northern hemi-
sphere, and south-easterly in the southern. Hence,
as a north-easterly current has the same direction
as a south-westerly wind, the direction of the
northern equatorial-polar current in the extra-
tropical part of its course would pretty nearly
coincide with that of the anti-trade winds. The
freezing of the surface of the polar sea would not
interfere with the movement thus set up. For,
however bad a conductor of heat ice may be, the
unfrozen sea-water immediately in contact with
the undersurface of the ice must needs be colder
than that further off ; and hence will constantly tend
to descend through the subjacent warmer water.
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In this way, it would seem inevitable that the
surface waters of the northern and southern frigid
zones must, sooner or later, find their way to the
bottom of the rest of the ocean; and there ac-
cumulate to a thickness dependent on the rate at
which they absorb heat from the crust of the earth
below, and from the surface water above.

If this hypothesis be correct, it follows that, if
any part of the ocean in warm latitudes is shut
off from the influence of the cold polar underflow,
the temperature of its deeps should be less cold
than the temperature of corresponding depths in
the open sea. Now, in the Mediterranean, Nature
offers a remarkable experimental proof of just the
kind needed. It is a landlocked sea which runs
nearly east and west, between the twenty-ninth
and forty-fifth parallels of north latitude. Roughly
speaking, the average temperature of the air over
it is 75° Fahr. in July and 48° in January.

This great expanse of water is divided by the
peninsula of Italy (including Sicily), continuous
with which is a submarine elevation carrying less
than 1,200 feet of water, which extends from
Sicily to Cape Bon in Africa, into two great pools
—an eastern and a western. The eastern pool
rapidly deepens to more than 12,000 feet, and
sends off to the north its comparatively shallow
branches, the Adriatic and the ZAgean Seas. The
western pool is less deep, though it reaches some
10,000 feet. And, just as the western end of the
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eastern pool communicates by a shallow passage,
not a sixth of its greatest depth, with the western
pool, so the western pool is separated from the
Atlantic by a ridge which runs between Capes
Trafalgar and Spartel, on which there is hardly
1,000 feet of water. All the water of the Mediter-
ranean which lies deeper than about 150 fathoms,
therefore, i1s shut off from that of the Atlantie,
and there is no communication between the cold
layer of the Atlantic (below 1,000 fathoms) and
the Mediterranean. Under these circumstances,
what is the temperature of the Mediterranean ?
Everywhere below 600 feet it is about 55° Fahr.;
and consequently, at its greatest depths, it is some
20° warmer than the corresponding depths of the
Atlantic.

It seems extremely difficult to account for this
difference in any other way, than by adopting
the views so strongly and ably advocated by Dr.
Carpenter, that, in the existing distribution of
land and water, such a circulation of the water of
the ocean does actually occur, as theoretically must
occur, in the universal ocean, with which we
started.

It is quite another question, however, whether
this theoretic circulation, true cause as it niay be,
is competent to give rise to such movements of
sea-water, in mass, as those currents, which have
commonly been regarded as northern extensions of
the Gulf-stream. I shall not venture to touch

191
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upon this complicated problem; but I may take
occasion to remark that the cause of a much
simpler phenomenon—the stream of Atlantic
water which sets through the Straits of Gibraltar,
eastward, at the rate of two or three miles an hour
or more, does not seem to be so clearly made ous
as is desirable.

- The facts appear to be that the water of the
Mediterranean is very slightly denser than that of
the Atlantic (10278 to 1-0265), and that the deep
water of the Mediterranean is slightly denser than
that of the surface; while the deep water of the
Atlantic is, if anything, ighter than that of the
surface, Moreover, while a rapid superficial cur-
rent is setting in (always, save in exceptionally
violent easterly winds) through the Straits of
Gibraltar, from the Atlantic to the Mediterranean,
a deep undercurrent (together with variable side
currents) is setting out through the Straits, from
the Mediterranean to the Atlantic.

Dr. Carpenter adopts, without hesitation, the
view that the cause of this indraught of Atlantic
water is to be sought in the much more rapid
evaporation which takes place from the surface of
the Mediterranean than from that of the Atlantic;
and thus, by lowering the level of the former, gives
rise to an indraught from the latter.

But is there any sound foundation for the three
assumptions involved here? Firstly, . that the
evaporation from the Mediterranean, as a whole,
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is much greater than that from the Atlantic under
corresponding parallels; secondly, that the rainfall
over the Mediterranean makes up for evaporation
less than it does over the Atlantic; and thirdly,
supposing these two questions answered affirm-
atively: Are not these sources of loss in the
Mediterranean fully covered by the prodigious
quantity of fresh water which is poured into it by
great rivers and submarine springs? Consider
that the water of the Ebro, the Rhine, the Po, the
Danube, the Don, the Dnieper, and the Nile, all
flow directly or indirectly into the Mediterranean ;
that the volume of fresh water which they pour
into it is so enormous that fresh water may some-
times be baled up from the surface of the sea off
the Delta of the Nile, while the land is not yet in
sight ; that the water of the Black Sea is half fresh,
and that a current of three or four miles an hour
constantly streams from it Mediterraneanwards
. through the Bosphorus;—consider, in addition,
that no fewer than ten submarine springs of fresh
water are known to burst up in the Mediterranean,
some of them so large that Admiral Smyth calls
them “ subterranean rivers of amazing volume and
force”; and it would seem, on the face of the
matter, that the sun must have enough to do to
keep the level of the Mediterranean down; and
that, possibly, we may have to seek for the cause
of the small superiority in saline contents of the
Mediterranean water in some condition other than
solar evaporation.
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Again, if the Gibraltar indraught is the effect of
evaporation, why does it go on in winter as well
as in summer ?

All these are questions more easily asked than
answered ; but they must be answered before we
can accept the Gibraltar stream as an example
of a current produced by indraught with any
comfort.

The Mediterranean is not included in the
Challenger’s route, but she will visit one of the
most promising and little explored of hydro-
graphical regions—the North Pacific, between
Polynesia and the Asiatic and American shores;
and doubtless the store of observations upon the
currents of this region, which she will accumulate,
when compared with what we know of the North
Atlantic, will throw a powerful light upon the
present obscurity of the Gulf-stream problem.
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ON SOME OF THE RESULTS OF THE
EXPEDITION OF HM.S. CHALLENGEER

[1875]

IN May, 1873, I drew attention! to the im-
portant problems connected with the physics
and natural history of the sea, to the solu-
tion of which there was every reason to hope
the cruise of HM.S. Challenger would furnish
important econtributions. The expectation then
expressed has not been disappointed. Reports to
the Admiralty, papers communicated to the Royal
Society, and large collections which have already
been sent home, have shown that the Challenger's
staff have made admirable use of their great
opportunities; and that, on the return of the
expedition in 1874, their performance will be fully
up to the level of their promise. Indeed,I am
disposed to go so far as to say, that if nothing
more came of the Challenger’s expedition than
1 Seo the preceding Essay.

ot
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has hitherto been yielded by her exploration of
the nature of the sea bottom at great depths, a
full scientific equivalent of the trouble and ex-
pense of her equipment would have been obtained.
In order to justify this assertion, and yet, at the
same time, not to claim more for Professor Wyville
Thomson and his colleagues than is their due, I
must give -a brief history of the observations which
have preceded their exploration of this recondite
field of research, and endeavour to make clear
what was the state of knowledge in December,
1872, and what new facts have been added by the
scientific staff of the Challenger. So far as I have
been able to discover, the first_successful attempt
to bring up from great depths more of the sea
bottom than would adhere to a sounding-lead, was
made by Sir John Ross, in the voyage to the
Arctic regions s which he undertook_in 1818. In
the Appendlx to the narrative of that voyage,
there will be found an account of a very ingenious
apparatus called “ clams”—a sort of double scoop
—of his own contrivance, which Sir John Ross
had made by the ship’s armourer; and by which,
being in Baffin’s Bay, in 72° 30’ N. and 77° 15’ W.
he succeeded in bringing up from 1,050 fathoms
(or 6,300 feet), “ several pounds” of a “fine green
mud,” which formed the bottom of the sea in this
region. Captain (now Sir Edward) Sabine, who
accompanied Sir John Ross on this cruise, says of
this mud that it was “ soft and greenish. and that
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the lead sunk several feet into it.” A similar
“fine green mud ” was found to compose the sea
bottom in Davis Straits by Goodsir in 1845.
Nothing is eertainly known of the exact nature of
the mud thus obtained, but we shall see that the
mud of the bottom of the Antarctic seas is de-
scribed in curiously similar terms by Dr. Hooker,
and there is no doubt as to the composition of this
deposit.

In 1850, Captain Penny collected in Assistance
Bay, in Kingston Bay, and in Melville Bay,
which lie between 73° 45’ and 74° 40° N., speci-
mens of the residuum left by melted surface ice,
and of the sea bottom in these localities. Dr.
Dickie, of Aberdeen, sent these materials to
Ehrenberg, who made out!® that the residuum of
the melted ice consisted for the most part of the
silicious cases of diatomaceous plants, and of the
silicious spicula of sponges; while, mixed with
these, were a certain number of the equally
silicious skeletons of those low animal organisms,
which were termed Polycistinee by Ehrenberg, but
are now known as Radiolaria.

In 1856, a very remarkable addition to our
knowledge of the nature of the sea bottom in high
northern latitudes was made by Professor Bailey
of West Point. Lieutenant Brooke, of the United
States Navy, who was employed in surveying the

1 Ueber newe Anschavungen des kleinsten ndrdlichen Iolare
lebens.—Monatsberichte d. K. Akad. Berlin, 1853,



72 EXPEDITION OF THE “CHALLENGER” 11

Sea of Kamschatka, had succeeded in obtaining
specimens of the sea bottom from greater depths
than any hitherto reached, namely from 2,700
fathoms (16,200 feet) in 56° 46’ N., and 168°18' E.;
and from 1,700 fathoms (10,200 feet) in 60° 15" N.
and 170°53' E. On examining these microscopically,
Professor Bailey found, as Ehrenberg had done in
the case of mud obtained on the opposite side of
the Aretic region, that the fine mud was made up
of shells of Diatomace, of spicula of sponges, and
of Radiolaria, with a small admixture of mineral
matters, but without a trace of any calcareous
organisms.

Still more complete information has been ob-
tained concerning the nature of the sea bottom
in the cold zone around the south pole. Between
the years 1839 and 1843, Sir James Clark Ross
executed his famous Antarctic expedition, in the
course of which he penetrated, at two widely dis-
tant points of the Antarctic zone, into the high
latitudes of the shores of Victoria Land and of
Graham’s Land, and reached the parallel of 80° S.
Sir James Ross was himself a naturalist of no
mean acquirements, and Dr. Hooker,! the present
President of the Royal Society, accompanied him
as naturalist to the expedition, so that the obser-
vations upon the fauna and flora of the Antarctic
regions made during this cruise were sure to have
a peculiar value and importance, even had not the

4 [Now Sir Joseph Hooker. 1894.]
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attention of the voyagers been particularly directed
to the importance of noting the occurrence of the
minutest forms of animal and vegetable life in the
ocean.

Among the scientific instructions for the voyage
drawn up by a committee of the Royal Society,
however, there is a remarkable letter from Von
Humboldt to Lord Minto, then First Lord of the
Admiralty, in which, among other things, he
dwells upon the significance of the researches into
the microscopic composition of rocks, and the dis-
covery of the great share which microscopic organ-
isms take in the formation of the crust of the earth
at the present day, made by Ehrenberg in the years
1836-39. Ehrenberg, in fact, had shown that the
extensive beds of “rotten-stone” or “ Tripoli”
which occur in various parts of the world, and
notably at Bilin in Bohemia, consisted of accumu-
lations of the silicious cases and skeletons of Diato-
macee, sponges, and Radiolaria ; he had proved
that similar deposits were being formed by
Diatomacea, in the pools of the Thiergarten in
Berlin and elsewhere, and had pointed out that, if
it were commercially worth while, rotten-stone
might be manufactured by a process of diatom-
culture. Observations conducted at Cuxhaven in
1839, had revealed the existence, at the surface of
the waters of the Baltic, of living Diatoms and
Radiolaria of the same species as those which, in
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a fossil state, constitute extensive rocks of tertiary
age at Caltanisetta, Zante, and Oran, on the
shores of the Mediterranean.

Moreover, in the fresh-water rotten-stone beds
of Bilin, Ehrenberg had traced out the metamor-
phosis, effected apparently by the action of perco-
lating water, of the primitively loose and friable
deposit of organized particles, in which the silex
exists in the hydrated or soluble condition. The
silex, in fact, undergoes solution and slow redepo-
sition, until, in ultimate result, the excessively
fine-grained sand, each particle of which is a
skeleton, becomes converted into a dense opaline
stone, with only here and there an indication of an
organism.

From the consideration of these facts, Ehren-
berg, as early as the year 1839, had arrived at the
conclusion that rocks, altogether similar to those
which constitute a large part of the crust of the
earth, must be forming, at the present day, at the
bottom of the sea; and he threw out the sugges-
tion that even where no trace of organic structure
is to be found in the older rocks, it may have been
lost by metamorphosis.!

1 Ueber die noch jetzt zahlreich lebende Thierarten der Kreide-
bildunyg und den Organismus der Poluthalamien. Abhandlungen
der Kon. Akad. der Wissenchaften. 1839. Berlin. 1841, I am
afraid that this remarkable paper has been somewhat overlooked
in the recent discussions of the relation of ancient rocks te
modern deposits,
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The results of the Antarctic exploration, as
stated by Dr. Hooker in the “ Botany of the Ant-
arctic Voyage,” and in a paper which he read
before the British Association in 1847, are of the
greatest importance in connection with these
viewe, and they are so clearly stated in the former
work, which is somewhat inaccessible, that I make
no apology for quoting them at length—

“The waters and the ice of the South Polar Ocean were alike
found to abound with microscopic vegetables belonging to the
order Diatomaceee. Though much too small to be discernible
by the naked eye, they occurred in such countless myriads as
to stain the berg and the pack ice wherever they were washed by
the swell of the sea ; and, when enclosed in the congealing
surface of the water, they imparted to the brash and pancake
ico a pale ochreous colour. In the open ocean, northward of
the frozen zone, this order, though no doubt almost universally
present, generally eludes the search of the naturalist; except
when its species are congregated amongst that mucous scum
which is sometimes seen floating on the waves, and of whose
real nature we are ignorant ; or when the coloured contents of
the marine animals who feed on these Algw are examined. To
the south, however, of the belt of ice which encircles the globe,
between the parallels of £0° and 70° 8., and in the waters com-
prised between that belt and the highest latitude ever attained by
man, this vegetation is very conspicuous, from the contrast
between its colour and the white snow and ice in which it is
imbedded. Insomuch, that in the eightieth degree, all the
surface ice carried along by the currents, the sides of every
berg, and the base of the great Victoria Barrier itself, within
reach of the swell, were tinged brown, as if the polar waters
wera charged with oxide of iron.

¢ As the majority of these plants consist of very simple vege-
table cells, enclosed in indestructible silex (as other Alge are in
carbonate of lime), it is obvious that the death and decomposi.
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tion of such multitudes must form sedimentary deposits, propor-
tionate in their extent to the length and exposure of the eoast
against which they are washed, in thickness to the power of
such agents as the winds, currents, and sea, which sweep
them more energetically to certain pesitions, and in purity, to
the depth of the water and nature of the bottom. Hence we
detected their remains along every icebound shore, in the depths
of the adjacent ocean, between 80 and 400 fathoms.- Off
Victoria Barrier (a perpendicular wall of ice between one and
two hundred feet above the level of the sea) the bottom of the
ocean was covered with a stratum of pure white or green mud,
composed principally of the silicious shells of the Diatomacece.
These, on being put into water, rendered it cloudy like milk,
and took many hours to subside. In the very deep water off
Victoria and Graham'’s Land, this mud was particularly pure and
fine ; but towards the shallow shores there existed a greater or
less admixture of disintegrated rock and sand; so that the
organic compounds of the bottom frequently bore but a small
proportion to the inorganic.” . . .

‘‘ The universal existence of such an invisible vegetation as
that of the Antarctic Ocean, is a truly wonderful fact, and the
more from its not being accompanied by plants of a high order.
During the years we spent there, I had been accustomed to
regard the phenomena of life as differing totally from what obtains
throughout all other latitudes, for everything living appeared
to be of animal origin. The ocean swarmed with Mollusca, and
particularly entomostracous Crustacea, small whales, and por-
poises ; the sea abounded with penguins and seals, and the air
with birds; the animal kingdom was ever present, the larger
creatures preying on the smaller, and these again on smaller
still ; all seemed carnivorous. The herbivorous were not recog-
nised, because feeding on a microscopic herbage, of whose true
nature I had formed an erroneous impression. It is, therefore,
with no little satisfaction that I now class the Diafomaceee with
plants, probably maintaining in the South Polar Ocean that
balance between the vegetable and the animal kingdoms which
prevails over the surface of our globe. Nor is the sustenance
and nutrition of the animal kingdom the only function these
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minute productions may perform ; they may also be the purifiers
of the vitiated atmosphere, and thus execute in the Antarctic
latitudes the office of our trees and grass turf in the temperate
regions, and the broad leaves of the palm, &c., in the
tropics.” . o . o

With respect to the distribution of the
Diatomaceee, Dr. Hooker remarks :—

¢ There is probably no latitude between that of Spitzbergen
and Victoria Land, where some of the species of either country
do not exist : Iceland, Britain, the Mediterranean Sea, North and
South America, and the South Sea Islands, all possess Antarctic
Diatomacee. The silicious coats of species only known living
in the waters of the South Polar Ocean, have, during past
ages, contributed to the formation of rocks ; and thus they out-
live several successive creations of organized beings. The
phonolite stones of the Rhine, and the Tripoli stone, contain
species identical with what are now contributing to form a sedi-
mentary deposit (and perhaps, at some future period, a bed of
rock) extending in one continuous stratum for 400 measured
miles. I allude to the shores of the Victoria Barrier, along
whose coast the soundings examined were invariably charged
with diatomaceous remains, constituting a bank which stretches
200 miles north from the base of Victoria Barrier, while the
average depth of water above it is 300 fathoms, or 1,800 feet.
Again, some of the Antarctic species have been detected floating
in the atmosphere which overbangs the wide ocean between
Africa and America. The knowledge of this marvellous fact we
owe to Mr. Darwin, who, when he was at sea off the Cape de
Verd Islands, collected an impalpable powder which fell on
Captain Fitzroy’s ship. He transmitted this dust to Ehrenberg,
who ascertained it to consist of the silicious coats, chiefly of
American Diatomaceee, which were being wafted through the
upper region of the air, when some meteorological phenomena
checked them in their course and deposited them on the ship
and surface of the ocean.

¢ The existence of the remains of wmany species of this order
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(and amongst them some Antarctic ones) in the volcanic ashes,
pumice, and scori@ of active and extinet volcanoes (those of the
Mediterranean Sea and Ascension Island, for instance) is a fact
bearing immediately upon the present subject. Mount Erebus,
a volcano 12,400 feet high, of the first class in dimensions and
energetic action, rises at once from the ocean in the seventy-
eighth degree of south latitude, and abreast of the Diatomacee
bank, which reposes in part on its base. Hence it may not
appear preposterous to conclude that, as Vesuvius receives the
waters of the Mediterranean, with its fish, to eject them by its
crater, so the subterranean and subaqueous forces which maintain
Mount Erebus in activity may occasionally receive organic
matter from the bank, and disgorge it, together with those
voleanic products, ashes and pumice. -

““ Along the shores of Graham’s Land and the South Shetland
Islands, we have a parallel combination of igneous and aqueous
action, accompanied with an equally copious supply of Diatom-
accee.  In the Gulf of Erebus and Terror, fifteen degrees north
of Victoria Land, and placed on the opposite side of the globe,
the soundings were of a similar nature with those of the Victoria
Land and Barrier, and the sea and ice as full of Diatomacec.
This was not only proved by the deep sea lead, but by the
examination of bergs which, once stranded, had floated off and
hecome reversed, exposing an accumulation of white friable mud
frozen to their bases, which abounded with these vegetable
remains.”

The Challenger has explored the Antarctic seas
in a region intermediate between those examined
by Sir James Ross’s expedition; and the observa-
tions made by Dr. Wyville Thomson and his
colleagues in every respect confirm those of Dr.
Hooker :—

¢“On the 11th of Febmary, lat. 60° 52’ 8., long. 80° 20’ E.,
and March 3, lat. 53° 55’ S., long. 108° 35’ E., the sounding
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instrument came up filled with a very fine cream-coloured paste,
which scarcely effervesced with acid, and dried into a very light,
impalpable, white powder. This, when examined under the
microscope, was found to consist almost entirely of the frustules
of Diatoms, some of them wonderfully perfectin all the details
of their ornament, and many of them broken up. The species
of Diatoms entering into this deposit have not yet been worked
up, but they appear to be referable chiefly to the genera Fragil-
laria, Coscinodiscus, Chatoceros, Asteromphalus, and Dictyocha,
with fragments of the separated rods of a singular silicious
organism, with which we were unacquainted, and which made
up a large proportion of the finer matter of this deposit. Mixed
with the Diatoms there were a few small Globigerine, some of the
tests and spicules of Radiolarians, and some sand particles ; but
these foreign bodies were in too small proportion to affect the
formation as consisting practically of Diatoms alone. On the
4th of February, in lat. 52° 29’ S., long., 71° 36’ E., a little to
the north of the Heard Islands, the tow-net, dragging a few
fathoms below the surface, came up nearly filled with a pale yellow
gelatinous mass. This was found to consist entirely of Diatoms
of the same species as those found at the bottom. By far the
most abundant was the little bundle of silicious rods, fastened
together loosely at one end, separating from one another at the
other end, and the whole bundle loosely twisted into a spindle.
The rods are hollow, and contain the characteristic endochrome
of the Diatomaccee. Like the Globigerina ooze, then, which it
succeeds to the southward in a band apparently of no great
width, the materials of this silicious deposit are derived entirely
from the surface and intermediate depths. It is somewhat
singular that Diatoms did not appear to be in such large num.
bers on the surface over the Diatom ooze as they were a little
further north. This may perhaps be accounted for by our not
having struck their belt of depth with the tow-net; orit is
possible that when we found it on the 11th of February the bottom
deposit was really shifted a little to the south by the warm
current, the excessively fine flocculent débris of the Diatoms
taking a certain time to sink. The belt of Diatom ooze is
certainly a little further to the southward in long. 83° E., in



80 EXPEDITION OF THE “ CHALLENGER” m

the path of the reflux of the Agulhas current, than in long.
108° E.

¢“All along the edge of the ice-pack—everywhere, in fact, to
the south of the two stations—on the 11th of February on our
southward voyage, and on the 3rd of March on our return, we
brought up fine sand and grayish mud, with small pebbles of
quartz and felspar, and small fragments of mica-slate, chlorite-
slate, clay-slate, gneiss, and granite. This deposit, I have no
doubt, was derived from the surface like the others, but in this
case by the melting of icebergs and the precipitation of foreign
matter contained in the ice.

‘' We never saw any trace of gravel or sand, or any material
necessarily derived from land, on an iceberg. Several showed
vertical or irregular fissures filled with discoloured ice or snow ;
but, when looked at closely, the discoloration proved usually to
be very slight, and the effect at a distance was usually due to
the foreign material filling the fissure reflecting light less per-
fectly than the general surface of the berg. I conceive that
the upper surface of one of these great tabular southern ice-
bergs, including by far the greater part of its bulk, and culmin-
ating in the portion exposed above the surface of the sea, was
formed by the piling up of successive layers of snow during the
period, amounting perhaps to several centuries, during which
the ice-cap was slowly forcing itself over the low land and out
to sea over a long extent of gentle slope, until it reached a depth
considerably above 200 fathoms, when the lower specific weight
of the ice caused an upward strain which at length overcame the
cohesion of the mass, and portions were rent off and floated
away. If this be the true history of the formation of these
icebergs, the absence of all land débris in the portion exposed
above the surface of the sea is readily understood. If any such
exist, it must be confined to the lower part of the berg, to that
part which has at one time or other moved on the floor of the
ice-cap.

¢ The icebergs, when they are first dispersed, float in from
200 to 250 fathoms. When, therefore, they have been drifted
to latitudes of 65° or 64° 8., the bottom of the berg just reaches
the layer at which the temperature of the water is distinctly



I EXPEDITION OF THE “CHALLENGER” 81

rising, and it is rapidly melted, and the mud and pebbles with
which it is more or less charged are precipitated. That this
precipitation takes place all over the area where the icebergs are
breaking up, constantly, and to a considerable extent, isevident
from the fact of the soundings being entirely composed of such
deposits ; for the Diatoms, Globigerine, and radiolarians are
present on the surfacein large numbers ; and unless the deposit
from the ice were abundant it would soon be covered and
masked by a layer of the exuvia of surface organisms.”

The observations which have been detailed
leave no doubt that the Antarctic sea bottom,
from a little to the south of the fiftieth parallel,
as far as 80° S,,is being covered by a fine deposit of
silicious mud, more or less mixed, in some parts,
with the ice-borne débris of polar lands and with
the ejections of volcanoes. The silicious particles
which constitute this mud, are derived, in part,
from the diatomaceous plants and radiolarian
animals which throng the surface, and, in part,
from the spicula of sponges which live at the
bottom. The evidence respecting the correspond-
ing Arctic area is less complete, but it is sufficient to
justify the conclusion that an essentially similar
silicious cap is being formed around the northern
pole.

There is no doubt that the constituent particles
of this mud may agglomerate into a dense rock,
such as that formed at Oran, on the shores of the
Mediterranean, which is made up of similar
materials. Moreover, in the case of freshwater
deposits of this kind, it is certain that the action

192



82 EXPEDITION OF THE “ CHALLENGER” m

of percolating water may convert the originally
soft and friable, fine-grained sandstone into a
dense, semi-transparent opaline stone, the silicious
organized skeletons being dissolved, and the silex
re-deposited in an amorphous state. Whether
such a metamorphosis as this occurs in submarine
deposits, as well as in those formed in fresh water,
does not appear; but there seems no reason to
doubt that it may. And hence it may not be
hazardous to conclude that very ordinary meta-
morphic agencies may convert these polar caps into
a form of quartzite.

In the great intermediate zone, occupying some
110°of latitude, which separates the circumpolar
Arctic and Antarctic areas of silicious deposit, the
Diatoms and Radiolaria of the surface water and
the sponges of the bottom do not die out, and, so
far as some forms are concerned, do not even
appear to diminish in total number; though, on a
rough estimate, it would appear that the propor-
tion of Radiolaria to Diatoms is much greater than
in the colder seas. Nevertheless the composition
of the deep-sea mud of this intermediate zone is
entirely different from that of the circumpolar
regions.

The first exact information respecting the
nature of this mud at depths greater than 1,000
fathoms was given by Ehrenberg, in the account
which he published in the “Monatsberichte” of
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the Berlin Academy for the year 18533, of the
soundings obtained by Lieut. Berryman, of the
United States Navy, in the North Atlantic,
between Newfoundland and the Azores.

Observations which confirm those of Ehrenberg
in all essential respects have been made by
Professor Bailey, myself, Dr. Wallich, Dr. Car-
penter, and Professor Wyville Thomson, in their
earlier cruises; and the continuation of the
Globigerina ooze over the South Pacific has been
proved by the recent work of the Challenger, by
which it is also shown, for the first time, that, in
passing from the equator to high southern lati-
tudes, the number and variety of the Foraminifera
diminishes, and even the Globigerine become
dwarfed. And this result, it will be observed, is
in entire accordance with the fact already men-
tioned that, in the sea of Kamschatka, the deep-
sea mud was found by Bailey to contain no cal-
careous organisms.

Thus, in the whole of the “ intermediate zone,”
the silicious deposit which is being formed there,
as elsewhere, by the accumulation of sponge-
spicula, Radiolaria, and Diatoms, is obscured and
overpowered by the immensely greater amount of
calcareous sediment, which arises from the aggre-
gation of the skeletons of dead Foraminifera. The
similarity of the deposit, thus composed of a
large percentage of carbonate of lime, and a small
percentage of silex, to chalk, regarded merely as a
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kind of rock, which was first pointed out by
Ehrenberg! is now admitted on all hands; nor
can it be reasonably doubted, that ordinary meta-
morphic agencies are competent to convert the
“modern chalk ” into hard limestone or even into
crystalline marble.

Ehrenberg appears to have taken it for gra.nted
that the Globigerine and other Foraminifera which
are found in the deep-sea mud, live at the great
depths in which their remains are found; and he
supports this opinion by producing evidence that
the soft parts of these organisms are preserved,
and may be demonstrated by removing the cal-
careous matter with dilute acids. In 1857, the

1 The following passages in Ehrenberg’s memoir orn The
Organisms in the Chalk which are still living (1839), are con-
clusive :—

¢¢7. The dawning period of the existing living organic creation,
if such a period is distinguishable (which is doubtful), can only
be supposed to have existed on the other side of, and below, the
chalk formation ; and thus, either the chalk, with its wide-
spread and thick beds, must enter into the series of mewer
formations ; orsome of the accepted four great geological periods,
the quaternary, tertiary, and secondary formatxons, contain
organisms which still live. It is more probable, in the propor-
tion of 3 to 1, that the transition or primary period is not
different, but that it is only more difficult to examine and
understand, by reason of the gradual and prolonged chemical
llecomposxtlon and metamorphosis of many of its organic
constituents.”

¢10. By the mass-forming Infusoria and Polythalamia,
secondary are not distinguishable from tertiary formations ; and,
from what has been said, it is possible that, at this very day,
rock masses are forming in the sea, and being raised by volcanie
agencies, the constitution of which, on the whole, is altogether
similar to that of the chalk. The chalk remains distinguishahle
by 1:s organic remains as a formation, but not as a kind of
roc
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evidence for and against this conclusion appeared
to me to be insufficient to warrant a positive con-
clusion one way or the other, and I expressed
myself in my report to the Admiralty on Captain
Dayman’s soundings in the following terms:—

‘““When we consider the iminense area over which this
deposit is spread, the depth at which its formation is going on,
and its similarity to chalk, and still more to such rocks as the
marls of Caltanisetta, the question, whence are all these organ-
isng derived ! becomes one of high scientific interest.

““‘Three answers have suggested themselves :—

¢“Inaccordance with the prevalent view of the limitation of
life to comparatively small depths, it is imagined either: 1, that
these organisms have drifted into their present position from
shallower waters; or 2, that they habitually live at the surface
of the ocean, and only fall down into their present position.

“1. I conceive that the first supposition is negatived by the
extremely marked zoological peculiarity of the deep-sea fauna.

¢ Had the Globigerine been drifted into their present position
from shallow water, we should find a very large proportion of
the characteristic inhabitants of shallow waters mixed with
them, and this would the more certainly be the case, as the
large Globigerina, so abundant in the deep-sea soundings, are,
in proportion to their size, more solid and massive than almost
any other Foraminifera. Butthe fact is that the proportion of
other Foraminifera is exceedingly small, nor have I found as
yet, in the deep-sea deposits, any such matters as fragments
of molluscous shells, of Echini, &e., which abound in shallow
waters, and are quite as likely to be drifted as the heavy Globi-
gerine. Again, the relative proportions of young and fully
formed Globigerinee seem inconsistent with the notion that they
have travelled far. And it seems difficult to imagine why, had
the deposit been accumulated in this way, Coscinodisci should
80 almost entirely represent the Diatomacece.

2. The second hypothesis is far more feasible, and is
strongly supported by the fact that many Polycistinee [ Radiola
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ria] and Coscinodisci are well known to live at the surface of the
ocean. Mr. Macdonald, Assistant-Surgeon of H.M.S. Herald,
now in the South-Western Pacific, has lately sent home some
very valuable observations on living forms of this kind, met
with in the stomachs of oceanic mollusks, and therefore certainly
inhabitants of the superficial layer of the ocean. But it isa
singular circumstance that only one of the forms figured by Mr.
Macdonald is at all like a Globigerina, and there are some
peculiarities about even this which make me greatly donbt its
affinity with that genus.  The form, indeed, is not unlike
that of a Globigerina, but it is provided with long radiating
processes, of which I have never seen any trace in Globigerina.
Did they exist, they might explain what otherwise is a great
objection to this view, viz., how is it conceivable that the heavy
Globigerina should maintain itself at the surface of the
water ?

¢ If the organic bodies in the deep-sea soundings have neither
been drifted, nor have fallen from abnve, there remains but one
alternative—they must have lived and died where they are.

‘“ Important objections, however, at once suggest themselves
to this view. How can animal life be conceived to exist
under such conditions of light, temperature, pressure, and
aeration as must obtain at these vast depths?

¢ To this one can only reply that we know for a certainty
that even very highly-organized animals do continue to live at
a depth of 300 and 400 fathoms, inasmuch as they have been
dredged up thence ; and that the difference in the amount of
light and heat at 400 and at 2,000 fathoms is probably, so to
speak, very far less than the difference in complexity of organi-
sation between these animals and the humbler Protozoa and
Protophyta of the deep-sea soundings.

I confess, though as yet far from regarding it proved that
the GQlobigerine live at these depths, the balance of probabilities
scems to me to incline in that direction. And there is one
circumstance which weighs strongly in my mind. It may be
taken as a law that any genus of animals which is found far
back in time is capable of living under a great variety of circum-
stances as regards light, temperature, and pressure. Now, the
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genus Globigerina is abundantly represented in the cretaceous
epoch, and perhaps earlier.

¢¢] abstain, however, at present from drawing any positive
conclusions, preferring rather to await the result of more
extended observations.” !

Dr. Wallich, Professor Wyville Thomson, and
Dr. Carpenter concluded that the Globigerine live
at the bottom. Dr. Wallich writes in 1862—" By
sinking very fine gauze nets to considerable depths,
I have repeatedly satisfied myself that Globigerina
does not occur in the superficial strata of the
ocean.”? Moreover, having obtained certain living
star-fish from a depth of 1,260 fathoms, and found
their stomachs full of “ fresh-looking Globigerine”
and their débris—he adduces this fact in support
of his belief that the Globigerine live at the
bottom.

On the other hand, Miiller, Haeckel, Major
Owen, Mr. Gwyn Jeffries, and other observers,
found that Globigerine, with the allied genera
Orbulina and Pulvinulina, sometimes occur abund-
antly at the surface of the sea, the shells of these
pelagic forms being not unfrequently provided
with the long spines noticed by Macdonald ; and
in 1865 and 1866, Major Owen more especially
insisted on the importance of this fact. The
recent work of the Challenger fully confirms Major
Owen’s statement. In the paper recently pub-

! Appendix to Report on Deep-sea Soundings in the Atlantie

Ozean, by Lieut.-Commander Joseph Dayman, 1857,
2 The North Atlantic Sea-bed, p. 137.
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lished in the proceedings of the Royal Society,!
from which a quotation has already been made,
Professor Wyville Thomson says :—

“] had formed and expressed a very strong opinion on the
matter. It seemed to me that the evidence was conclusive that
the Foraminifera which formed the Globigerina coze lived on
the bottom, and that the occurrence of individuals on the surface
was accidental and exceptional ; but after going into the thing
carefully, and considering the mass of evidence which has been
accumulated by Mr. Murray, I now admit that I was in error;
and I agree with him that it may be taken as proved that all
the materials of such deposits, with the exception, of course, of
the remains of animals which we now know to live at the
bottom at all depths, which occur in the deposit as foreign
bodies, are derived from the surface.

‘“Mr. Murray has combined with a careful examination of the
soundings a constant use of the tow-net, nsnally at the surface,
but also at depths of from ten to one hundred fathoms; and he
finds the closest relation to exist between the surface fauna of
any particular locality and the deposit which is taking place at
the bottom. In all seas, from the equator to the polar ice, the
tow-net contains Globigerine. They are more abundant and of
a larger size in warmer seas ; several varieties, attaining a large
size and presenting marked varietal characters, are found in the
intertropical area of the Atlantic. In the latitude of Kerguelen
they are less numerous and smaller, while further sonth they are
still more dwarfed, and only one variety, the typical Globigerina
bulloides, is represented. The living Globigerinee from the tow-
net are singularly different in appearance from the dead shells
we find at the bottom. The shell is clear and transparent, and
each of the pores which penetrate it is surrounded by a raised
crest, the crest round adjacent pores coalescing into a roughly

1 ¢«“Preliminary Notes on the Nature of the Sea-bottom pro-
cured by the soundings of H.M.S. Challenger during her cruise
in the Southern Seas, in the early pait of the year 1874.”—
Proceedings of the Lioyal Society, Nov. 26, 1874.
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hexagonal network, so .that the pores appear to lie at the
bottom of a hexagonal pit. At each angle of this hexagon the
crest gives off a delicate flexible calcareous spine, which is some-
tinies four or five times the diameter of the shell in length.
The spines radiate symmetrically from the direction of the
centre of each chamber of the shell, and the sheaves of long
transparent needles crossing one another in different directions
have a very beautiful effect. The smallerinner chambers of the
shell are entirely filled with an orange-yellow granular sarcode ;
and the iarge terminal chamber usually contains only a small
irregular mass, or two or three small masses run together, of
the same yellow sarcode stuck against one side, the remainder of
the chamber being empty. No definite arrangement and no
approach to structure was observed in the sarcode, and ne
differentiation, with the exception of round bright-yellow oil-
globules, very much like those found in some of the radiolarians,
which are scattered, apparently irregularly, in the sarcode. We
never have been able to detect, in any of the large number of
Globigerine which we have examined, the least trace of psendo-
podia, or any extension, in any form, of the sarcode beyond the
shell.
- -* - - -

“In specimens taken with the tow-net the spines are very
usually absent ; but that is probably on account of their extreme
tenuity ; they are broken off by the slightest touch. In fresh
examples from the surface, the dots indicating the origin of the
lost spines may almost always be made out with a high power.
There are never spines on the Globigerine from the bottom,
even in the shallowest water.”

There can now be no doubt, therefore, that
Globigerine live at the top of the sea; but the
question may still be raised whether they do not
also live at the bottom. In favour of this view, it
has been urged that the shells of the Globigerine
of the surface never possess such thick walls as
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those which are found at the bottom, but I confess
that I doubt the accuracy of this statement.
Again, the occurrence of minute Qlobigerine in all
stages of development, at the greatest depths, is
brought forward as evidence that they live #n sitw.
But considering the extent to which the surface
organisms are devoured, without discrimination of
young and old, by Salpw and the like, it is not
wonderful that shells of all ages should be among
the rejectamenta. Nor can the presence of the
soft parts of the body in the shells which form
the Globigerina ooze, and the fact, if it be one,
that animals living at the bottom use them as
food, be considered as conclusive evidence that
the Globigerine live at the bottom. Such as die
at the surface, and even many of those which are
swallowed by other animals, may retain much of
their protoplasmic matter when they reach the
depths at which the temperature sinks to 34° or
32° Fahrenheit, where decomposition must become
exceedingly slow.

Another consideration appears to me to be in
favour of the view that the Globigerine and their
allies are essentially surface animals. This is the
fact brought out by the Challenger’s work, that
they have a southern limit of distribution, which
can hardly depend upon anything but the tem-
perature of the surface water. And it is to
be remarked that this southern limit occurs at a
lower latitude in the Antarctic seas than it does
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in the North Atlantic. According to Dr. Wallich
(“ The North Atlantic Sea Bed,” p. 157) Globi-
gerina is the prevailing form in ‘the deposits
between the Fare Islands and Iceland, and be-
tween Iceland and East Greenland—or, in other
words, in a region of the sea-bottom which lies
altogether north of the parallel of 60° N.; while
in the southern seas, the Globigerine become
dwarfed and almost disappear between 50° and
55° S. On the other hand, in the sea of
Kamschatka, the Globigerinee have vanished in
56°N., so that the persistence of the Globigerina
ooze in high latitudes, in the North Atlantic,
would seem to depend on the northward curve of
the isothermals peculiar to this region; and it is
difficult to understand how the formation of
Globigerina ooze can be affected by this climatal
peculiarity unless it be effected by surface animals.

Whatever may be the mode of life of the
Foraminifera, to which the calcareous element of
the deep-sea “chalk” owes its existence, the fact
that it is the chief and most widely spread
material of the sea-bottom in the intermediate
zone, throughout both the Atlantic and Pacific
Oceans, and the Indian Ocean, at depths from a
few hundred to over two thousand fathoms, is
established. But it is not the only extensive
deposit which is now taking place. In 1853,
Count Pourtalés, an officer of the United States
Coast Survey, which has done so much for
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scientific hydrography, observed, that the mud
forming the sea-bottom at depths of one hundred
and fifty fathoms, in 31° 32" N., 79° 85" W., off
the Coast of Florida, was “a mixture, in about
equal proportions, of Globigerine and black sand,
probably greensand, as it makes a green mark
when crushed on paper.” Professor Bailey,
examining these grains microscopically, found
that they were casts of the interior cavities of,
Foraminifera, consisting of a mineral known as
Glauconite, which is a silicate of iron and alumina.
In these casts the minutest cavities and finest
tubes in the Foraminifer were sometimes repro-
duced in solid counterparts of the glassy mineral,
while the calcareous original had been entirely
dissolved away.

Contemporaneously with these observations,
the indefatigable Ehrenberg had discovered that
the “greensands” of the geologist were largely
made up of casts of a similar character, and proved
the existence of Foraminifera at a very ancient
geological epoch, by discovering such casts in a
greensand of Lower Silurian age, which occurs
near St. Petersburg.

Subsequently, Messrs Parker and Jones dis-
covered similar casts in process of formation, the
original shell not having disappeared, in specimens
of the sea-bottom of the Australian seas, brought
home by the late Professor Jukes. And the
Challenger has observed a deposit of a similar
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character in the course of the Agulhas current,
near the Cape of Good Hope, and in some other
localities not yet defined.

It would appear that this infiltration of Fora-
minifera shells with Glauconite does not take place
at great depths, but rather in what may be
termed a sublittoral region, ranging from a
hundred to three hundred fathoms. It cannot be
ascribed to any local cause, for it takes place, not
only over large areas in the Gulf of Mexico and
the Coast of Florida, but in the South Atlantic
and in the Pacific. But what are the conditions
which determine its occurrence, and whence the
silex, the iron, and the alumina (with perhaps
potash and some other ingredients in small
quantity) of which the Glauconite is cornposed,
proceed, is a point on which no light has yet been
thrown. For the present we must be content
with the fact that, in certain areas of the
“ intermediate zone,” greensand is replacing and
representing the primitively calcareo-silicious
ooze.

The investigation of the deposits which are
now being formed in the basin of the Mediterra-
nean, by the late Professor Edward Forbes, by
Professor Williamson, and more recently by Dr.
Carpenter, and a comparison of the results thus
obtained with what is known of the surface fauna,
have brought to light the remarkable fact, that
while the surface and the shallows abound with
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Foraminifera and other calcareous shelled organ-
isms, the indications of life become scanty at
depths beyond 500 or 600 fathoms, while almost
all traces of it disappear at greater depths, and at
1,000 to 2,000 fathoms the bottom is covered with
a fine clay.

Dr. Carpenter has discussed the s1gmﬁcance of
this remarkable fact, and he is disposed to attri-
bute the absence of life at great depths, partly
to the absence of any circulation of the water of
the Mediterranean at such depths, and partly to
the exhaustion of the oxygen of the water by the
organic matter contained in the fine clay, which
he conceives to be formed by the finest particles
of the mud brought down by the rivers which
flow into the Mediterranean.

However this may be, the explanation thus
offered of the presence of the fine mud, and of the
absence of organisms which ordinarily live at the
bottom, does not account for the absence of
the skeletons of the organisms which undoubtedly
abound at the surface of the Mediterranean; and
it would seem to have no application to the re-
markable fact discovered by the Clhallenger, that
in the open Atlantic and Pacific Oceans, in the
midst of the great intermediate zone, and
thousands of miles away from the embouchure of
any river, the sea-bottom, at depths approaching
to and beyond 3,000 fathoms, no longer consists of
Globigerina ooze, but of an excessively fine red clay.
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Professor Thomson gives the following account
of this capital discovery :—

‘¢ According to our present experience, the deposit of Globi-
gerina ooze is limited to water of a certain depth, the extreme
limit of the pure characteristic formation being placed ata depth
of somewhere about 2,250 fathoms. Crossing from these shal-
lower regions occupied by the ooze into deeper soundings, we
find, universally, that the calcareous formation gradually passes
into, and is finally replaced by, an extremely fine pure clay,
which occupies, speaking generally, all depths below 2,500
fathoms, and consists almost entirely of a silicate of the red
oxide of iron and alumina. The transition is very slow, and
extends over several hundred fathoms of increasing depth ; the
shells gradually lose their sharpness of outline, and assume a
kind of ‘rotten’ look and a brownish colour, and become more
and more mixed with a fine amorphous red-brown powder,
which increases steadily in proportion until the lime has almost
entirely disappeared. This brown matter is in the finest possible
state of subdivision, so fine that when, after sifting it to separate
any organisms it might contain, we put it into jars to settle, it
remained for days in suspension, giving the water very much
the appearance and colour of chocolate.

“In indicating the nature of the bottom on the charts, we
came, from experience and without any theoretical considera-
tions, to use three terms for soundings in deep water. Two of
these, GL oz. and r. cl.,, were very definite, and indicated
strongly-marked formations, with apparently but few characters
in common ; but we frequently got soundings which we could
not exactly call ¢ Globigerina ooze' or ‘red clay,’ and before we
were fully aware of the nature of these, we were in the habit of
indicating them as ‘grey ooze’ (gr. 0z.) We now recognise the
‘grey ooze’ as an intermediate stage between the Globigerina
ooze and the red clay ; we find that on one side, as it were, of
an ideal line, the red clay contains more and more of the material
of the calcarcous ooze, while on the other, the ooze is mixed
with an increasing proportion of ‘red clay.’
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‘“ Although we have met with the same phenomenon so
frequently, that we were at length able to predict the nature of
the bottom from the depth of the soundings with absolute cer-
tainty for the Atlantic and the Southern Sea, we had, perhaps,
the best opportunity of observing it in our first section across
the Atlantic, between Teneriffe and St. Thomas. The first four
stations on this section, at depths from 1,525 to 2,220 fathoms,
show @lobigerina ooze. From the last of these, which is about
300 miles from Teneriffe, the depth gradually increases to 2,740
fathoms at 500, and 2,950 fathoms at 750 miles from Teneriffe
The bottom in these two soundings might have been called
¢ grey ooze,’ for although its nature has altered entirely from the
Globigerina ooze, the red clay into which it i3 rapidly passing
still contains a considerable admixture of carbonate of lime.

““The depth goes on increasing to a distance of 1,150 miles
from Teneriffe, when it reaches 3,150 fathoms ; there the clay
is pure and smooth, and contains scarcely a trace of lime. From
this great depth the bottom gradually rises, and, with decreas-
ing depth, the grey colour and the calcareous composition of the
ooze return. Three soundings in 2,050, 1,900, and 1,950 fathoms
on the ‘Dolphin Rise’ gave highly characteristic examples of
the Globigerina formation. Passing from the middle platean of
the Atlantic into the western trough, with depths a little over
3,000 fathoms, the red clay returned in all its purity ; and our
last sounding, in 1,420 fathoms, before reaching Sombrero,
restored the Globigerina ooze with its peculiar associated fauna.

““This section shows also the wide extension and the vast
geological importance of the red clay formation. The total
distance from Teneritfe to Sombrero is about 2,700 miles. Pro-
ceeding from east to west, we have—

About 80 miles of volcanic mud and sand.

,» 350 s  Globigerina ooze,

s 1,050 s Ted clay,

s 330 5 Globigerina ooze,

5, w850 >+ =red clay,

& 40 5»  Globigerina ooze ;
giving a total of 1,900 miles of red clay to 720 miles of Globi-
gerina ooze.
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““ The nature and origin of this vast deposit of clay is a ques.
tion of the very greatest interest; and although I think there
can be no doubt that it is in the main solved, yet some matters
of detail are still involved in difficulty. My first impression
was that it might be the most minutely divided material, the
ultimate sediment produced by the disintegration of tbe land,
by rivers and by the action of the sea on exposed coasts, and
held in suspension and distributed by ocean currents, and only
making itself manifest in places unoccupied by the Globigerina
ooze. Several circumstances seemed, however, to negative this
mode of origin. The formation seemed too uniform : wherever
we met with it, it had the same character, and it only varied in
composition in containing less or more carbonate of lime.

‘“ Again, we were gradually becoming more and more con-
vinced that all the important elements of the Qlobigerina ooze
lived on the surface, and it scemed evident that, so long as the
condition on the surface remnained the same, no alteration of
contour at the bottom conld possibly prevent its accumnulation ;
and the surface conditions in the Mid-Atlantic were very
uniform, a moderate current of a very equal temperature passing
continuously over elevations and depressions, and everywhere
yielding to the tow-net the ooze-forming Foraminifera in the
same proportion. The Mid-Atlantic swarms with pelagic
Mollusca, and, in moderate depths, the shells of these are con-
stantly mixed with the Globigerina ooze, sometimes in number
sufficient to make up a considerable portion of its bulk. Itis
clear that these shells must fall in equal numbers nupon the red
clay, but scarcely a trace of one of them is ever brought up by
the dredge on thered clayarea. It might be possible to explain
the absence of shell-secreting animals living on the bottom, on
the supposition that the nature of the deposit was injurious to
them ; but then the idea of a current sufficiently strong to
sweep them away is negatived by the extreme fineness of the
sediment which is being laid down ; the absence of surface
shells appears to be intelligible only on the supposition that they
are in some way removed.

‘“ We conclude, therefore, that the ‘red clay’ is not an addi-
tional substance introduced from without, and occupying certain

193
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depressed regions on account of some law regulating its deposi-
tion, but that it is produced by the removal, by some means or
other, over these areas, of the carbonate of lime, which forms
probably about 98 per cent. of the material of the Globigerina
ooze. We can trace, indeed, every successive stage in the
removal of the carbonate of lime in descending the slope of the
ridge or plateau where the @Qlobigerina ooze is forming, to
the region of the clay. We find, first, that the shells of
pteropods and other surface JMollusca which are constantly
falling on the bottom, are absent, or, if a few remain, they
are brittle and yellow, and evidently decaying rapidly. These
shells of Mollusca: decompose more easily and disappear sooner
than the smaller, and apparently more delicate, shells of
rhizopods. The smaller Foraminifera now give way, and are
found in lessening proportion to the larger ; the coccoliths first
lose their thin outer border and then disappear ; and the clubs
of the rhabdoliths get worn out of shape, and are last seen,
undera high power, asinfinitely minute eylinders scattered over
the field. The larger Foraminifera are attacked, and instead
of being vividly white and delicately sculptured, they become
brown and worn, and finally they break up, each according to
its fashion ; the chamber-walls of Globigerina fall into wedge-
shaped pieces, which quickly disappear, and a thick rough crust
breaks away from the surface of Orbulina, leaving a thin inner
sphere, at first beautifully transparent, but soon becoming
opaque and crumbling away.

¢“In the meantime the proportion of the amorphous red
clay’ to the calcareous elements of all kinds increases, until
the latter disappear, with the exception of a few scattered shells
of the larger Foraminifera, which are still found even in the
most characteristic samples of the ‘red clay.’

¢“There seems to be no room left for doubt that the red clay
is essentially the insoluble residue, the ash, as it were, of the
calcareous organisms which form the Globigerina ooze, after the
calcareous matter bas been by some means removed. An
ordinary mixture of calcareous Foraminifera with the shells of
pteropods, forming a fair sample of Globigerina ooze from neat
8t. Thomas, was carefully washed, and subjected by Mr
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Buchanan to the action of weak acid ; and he found that there
remained after the carbonate of lime had been removed, about
1 per cent. of a reddish mud, consisting of silica, alumina, and
the red oxide of iron. This experiment has been frequently
repeated with different samples of Globigerina ooze, and always
with the result that a small proportion of a red sediment re-
mains, which possesses all the characters of the red clay.”
- - - - -

“ It seems evident from the observations here recorded, that
clay, which we have hitherto looked upon as essentially the
product of the disintegration of older rocks, may be, under
certain circumstances, an organic formation like chalk ; that, as
a matter of fact, an area on the surface of the globe, which we
have shown to be of vast extent, although we are still far from
having ascertained its limits, is being covered by such a deposit
at the present day.

‘It is impossible to avoid associating such a formation with
the fine, smooth, homogeneous clays and schists, poor in fossils,
bhut showing worm-tubes and tracks, and bunches of doubtful
branching things, such as Oldhamia, silicious sponges, and
thin-shelled peculiar shrimps. Such formations, more or less
metamorphosed, are very familiar, especially to the student of
paleozoic geology, and they often attain a vast thickness. One
is inclined, from the great resemblance between them in com-
position and in the general character of the included fauna, to
suspect that these may be organic formations, like the modern
red clay of the Atlantic and Southern Sea, accumulations of the
insoluble ashes of shelled creatures.

“The dredging in the red clay on the 13th of March was
unusually rich. The bag contained examples, those with cal-
careous shells rather stunted, of mostof the characteristio deep-
water groups of the Southern Sea, including Umbcllularia,
Euplectella, Pterocrinus, Brisinga, Ophioglypha, Pourtalesia,
and one or two Mollusca. This is, however, very rarely the
case. Generally the red clay is barren, or contains only a very
small number of forms.

It mnust be admitted that it is very difficult, at
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present, to frame any satisfactory explanation of
the mode of origin of this singular deposit of red
clay.

I cannot say that the theory put forward
tentatively, and with much reservation by Pro-
fessor Thomson, that the calcareous matter is
dissolved out by the relatively fresh water of the
deep currents from the Antarctic regions, appears
satisfactory to me. Nor do I see my way to the
acceptance of the suggestion of Dr. Carpenter, that
the red clay is the result of the decomposition of
previously-formed greensand. At present there is
no evidence that greensand casts are ever formed
at great depths; nor has it been proved that
@lauconite is decomposable by the agency of water
and carbonic acid.

I think it probable that we shall have to wait
some time for a sufficient explanation of the origin
of the abyssal red clay,no less than for that of the
sublittoral greensand in the intermediate zone.
But the importance of the establishment of the
fact that these various deposits are being formed
in the ocean, at the present day, remains the same,
whether its rationale be understood or not.

For, suppose the globe to be evenly covered with
sea, to a depth say of a thousand fathoms—then,
whatever might be the mineral matter composing
the sea-bottom, little or no deposit would be
formed upon it, the abrading and denuding action
of water, at such a depth, being exceedingly slight.




I EXPEDITION OF THE “CHALLENGER” 101

Next, imagine sponges, Radiolaria, Foraminifera,
and diatcmaceous plants, such as those which now
exist in the deep-sea, to be introduced: they
would be distributed according to the same laws
as at present, the sponges (and possibly some of
the Foraminifera)covering the bottom, while other
Foraminifera, with the Radiolaria and Diatomaceee,
would increase and multiply in the surface waters.
In accordance with the existing state of things,
the Radiolaria and Diatoms would have a universal
distribution, the latter gathering most thickly in
the polar regions, while the Foraminifera would
be largely, if not exclusively, confined to the inter-
mediate zone ; and, as a consequence of this distri-
bution, a bed of “ chalk ” would begin to form in
the intermediate zone, while caps of silicious rock
would accumulate on the circumpolar regions.

Suppose, further, that a part of the intermediate
area were raised to within two or three hundred
fathoms of the surface—for anything that we know
to the contrary, the change of level might deter-
mine the substitution of greensand for the
“chalk ”; while, on the other hand, if part of
the same area were depressed to three thousand
fathoms, that change might determine the substi-
tution of a different silicate of alumina and iron—
namely, clay—for the “ chalk ” that would other-
wise be formed.

If the Challenger hypothesis, that the red
clay is the residue left by dissolved Foraminiferous
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skeletons, is correct, then all these deposits alike
would be directly, or indirectly, the product of
living organisms. But just as a silicious deposit
may be metamorphosed into opal or quartzite, and
chalk into marble, so known metamorphic agencies
may metamorphose clay into schist, clay-slate, slate,
gneiss, or even granite. And thus, by the agency
of the lowest and simplest of organisms, our
imaginary globe might be covered with strata, of
all the chief kinds of rock of which the known
crust of the earth is composed, of indefinite thick-
ness and extent.

The bearing of the conclusions which are now
either established, or highly probable, respecting
the origin of silicious, calcareous, and clayey rocks,
and their metamorphic derivatives, upon the
archzology of the earth, the elucidation of which
is the ultimate object of the geologist, is of no
small importance.

A hundred years ago the singular insight of
Linnzus enabled him to say that “fossils are not
the children but the parents of rocks,” ! and the

1 ¢<Petrificata montium caleariorum non filii sed parentes
sunt, cum omnis calx oriatur ab animalibus.”—Systema Nature,
Ed. xii., t. iii.,, p. 154. It must be recollected that Linnaus
included silex, as well as limestone, under the name of ‘¢ calx,”
and that he would probably have arranged Diatoms among
animals, as part of “‘chaos.” Khrenberg quotes another even
more pithy passage, which I have not been able to find in an
edition of the Systema accessible to me: ‘‘Sic lapides a
animalibus, nec vice versa. Sic rupes saxei non primevi, sed
temporis filie.”
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whole effect of the discoveries made since his time
has been to compile a larger and larger comment-
ary upon this text. It is, at present, a perfectly
tenable hypothesis that all silicious and calcareous
rocks are either directly, or indirectly, derived from
material which has, at one time or other, formed
part of the organized framework of living organ-
isms. Whether the same generalization may be
extended to aluminous rocks, depends upon the
conclusion to be drawn from the facts respecting
the red clay areas brought to light by the
Challenger. If we accept the view taken by
Wyville Thomson and his colleagues—that the
red clay is the residuum left after the calcareous
matter of the Globigerine ooze has been dissolved
away—then clay is as much a product of life as
limestone, and all known derivatives of clay may
have formed part of animal bodies.

So long as the Globigerine, actually collected at
the surface, have not been demonstrated to con-
tain the elements of clay, the Challenger hypo-
thesis, as I may term it, must be accepted with
reserve and provisionally, but, at present, I cannot
but think that it is more probable than any other
suggestion which has been made.

Accepting it provisionally, we arrive at the
femarkable result that all the chief known con-
stituents of the crust of the earth may have
formed part of living bodies; that they may be
the “ash ” of protoplasm; that the “rupes saxer™
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are not only “femporis,” but “vite filie”; and,
consequently, that the time during which life has
been active on the globe may be indefinitely
greater than the period. the comwmencement of
which is marked by the oldest known rocks,
whether fossiliferous or unfossiliferous. i

And thus we are led to see where the solution
of a great problem and apparent paradox of
geology may lie. Satisfactory evidence now exists
that some animals in the existing world have been
derived by a process of gradual modification from
pre-existing forms. It is undeniable, for example,
that the evidence in favour of the derivation of
the horse from the later tertiary Hipparion, and
that of the Hipparion from Anchitherium, is as
complete and cogent as such evidence can reason-
ably be expected to be; and the further investiga-
tions into the history of the tertiary mammalia are
pushed, the greater is the accumulation of evidence
having the same tendency. So far from pale-
ontology lending no support to the doctrine of
evolution—as one sees constantly asserted—that
doctrine, if it had no other support, would have
been irresistibly forced upon us by the paleonto-
logical discoveries of the last twenty years.

If, however, the diverse forms of life which now
exist have been produced by the modification of
previously-existing less divergent forms, the recent
and extinct species, taken as a whole, must fall
into series which must converge as we go back in
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time. Hence, if the period represented by the
rocks is greater than, or co-extensive with, that
during which life has existed, we ought, some-
where among the ancient formations, to arrive at
the point to which all these series converge, or
from which, in other words, they have diverged—
" the primitive undifferentiated protoplasmic living
things, whence the two great series of plants and
animals have taken their departure.

But, as a matter of fact, the amount of conver-
gence of series, in relation to the time occupied by
the deposition of geological formations, is extra-
ordinarily small. Of all animals the higher
Vertebrata are the most complex; and among
these the carnivores and hoofed animals (Ungulata)
are highly differentiated. Nevertheless, although
the different lines of modification of the Carnivora
and those of the Ungulata, respectively, approach
one another, and, although each group is repre-
sented by less differentiated forms in the older
tertiary rocks than at the present day, the oldest
tertiary rocks do not bring us near the primitive
form of either. If,in the same way, the conver-
gence of the varied forms of reptiles is measured
against the time during which their remains are
preserved—which is represented by the whole of
the tertiary and mesozoic formations—the amount
of that convergence is far smaller than that of the
lines of mammals, between the present time and
the beginning of the tertiary epoch. Anditisa
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broad fact that, the lower we go in the scale of
organization, the fewer signs are there of con-
vergence towards the primitive form from whence
all must have diverged, if evolution be a fact.
Nevertheless, that it is a fact in some cases, is
proved, and I, for one, have not the courage to
suppose that the mode in which some species have
taken their origin is different from that in which
the rest have originated.

What, then, has become of all the marine
animals which, on the hypothesis of evolution,
must have existed in myriads in those seas, wherein
the many thousand feet of Cambrian and Lauren-
tian rocks now devoid, or almost devoid, of any
trace of life were deposited ?

Sir Charles Lyell long ago suggested that the
azoic character of these ancient formations might
be due to the fact that they had wundergone
extensive metamorphosis; and readers of the
“ Principles of Geology ” wiil be familiar with the
ingenious manner in which he contrasts the theory
of the Gnome, who is acquainted only with the
interior of the earth, with those of ordinary
philosophers, who know only its exterior.

The metamorphism contemplated by the great
modern champion of rational geology is, mainly,
that brought about by the exposure of rocks to
subterranean heat ; and where no such heat could
be shown to have operated, his opponents as-
sumed that no metamorphosis could have taken
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place. But the formation of greensand, and still
more that of the “red clay” (if the Challenger
hypothesis be correct) affords an insight into a
new kind of metamorphosis—not igneous, but
aqueous—by which the primitive nature of a
deposit may be masked as completely as it can be
by the agency of heat. And, as Wyville Thomson
suggests, in the passage I have quoted above (p.
17), it further enables us to assign a new cause
for the occurrence, so puzzling hitherto, of
thousands of feet of unfossiliferous fine-grained
schists and slates, in the midst of formations
deposited in seas which certainly abounded in life.
If the great deposit of “red clay” now forming in
the eastern valley of the Atlantic were meta-
morphosed into slate and then upheaved, it would
constitute an “ azoic” rock of enormous extent.
And yet that rock is now forming in the midst of
a sea which swarms with living beings, the great
majority of which are provided with calcareous or
silicious shells and skeletons; and, therefore, are
such as, up to this time, we should have termed
eminently preservable.

Thus the discoveries made by the Challenger
expedition, like all recent advances in our
knowledge of the phenomena of biology, or
of the changes now being effected in the
structure of the surface of the earth, are in
accordance with, and lend strong support to,
that doctrine of Uniformitarianism, which, fifty
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years ago, was held only by a small minority of
English geologists—Lyell, Scrope, and De la Beche
—but now, thanks to the long-continued labours
of the first two, and mainly to those of Sir Charles
Lyell, has gradually passed from the position of a
heresy to that of catholic doctrine.

Applied within the limits of the time reglstered
by the known fraction of the crust of the earth,
I believe that uniformitarianism is unassailable.
The evidence that, in the enormous lapse of time
between the deposition of the lowest Laurentian
strata and the present day, the forces which have
modified the surface of the crust of the earth were
different in kind, or greater in the intensity of
their action, than those which are now occupied in
the same work, has yet to be produced. Such
evidence as we possess all tends in the contrary
direction, and is in favour of the same slow and
gradual changes occurring then as now.

But this conclusion in nowise conflicts with the
deductions of the physicist from his no less clear
and certain data. It may be certain that this
globe has cooled down from a condition in which
life could not have existed ; it may be certain that,
in so cooling, its contracting crust must have
undergone sudden convulsions, which were to our
earthquakes as an earthquake is to the vibration
caused by the periodical eruption of a Geyser; but
in that case, the earth must, like other respectable
parents, have sowed her wild oats, and got through
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her turbulent youth, before we, her children, have
any knowledge of her.

So far as the evidence afforded by the super-
ficial crust of the earth goes, the modern geologist
can, ex animo, repeat the saying of Hutton, “ We
find no vestige of a beginning—no prospect of an
end.” However, he will add, with Hutton, “ But
in thus tracing back the natural operations which
have succeeded each otker, and mark to us the
course of time past, we come to a period in which
we cannot see any further.” And if he seck to
peer into the darkness of this period, he will
welcome the light proffered by physics and
mathematics.



v
YEAST
[1871]

It Las been known, from time immemorial, that
the sweet liquids which may be obtained by ex-
pressing the juices of the fruits and stems of
various plants, or by steeping malted barley in hot
water, or by mixing honey with water—are liable
to undergo a series of very singular changes, if
freely exposed to the air and left to themselves, in
warm weather. However clear and pellucid the
liquid may have been when first prepared, however
carefully it may have been freed, by straining and
filtration, from even the finest visible impurities,
it will not remain clear. After a time it will
become cloudy and turbid; little bubbles will be
seen rising to the surface, and their abundance will
increase until the liquid hisses as if it were sim-
mering on the fire. By degrees, some of the solid
particles which produce the turbidity of the liquid
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collect at its surface into a scum, which is blown
up by the emerging air-bubbles into a thick, foamy
froth. Another moiety sinks to the bottom, and
accumulates as a muddy sediment, or “ lees.”

When this action has continued, with more or
less violence, for a certain time, it gradually
moderates. The evolution of bubbles slackens,
and finally comes to an end; scum and lees alike
settle at the bottom, and the fluid is once more
clear and transparent. But it has acquired
properties of which no trace existed in the
original liquid. Instead of being a mere sweet
fluid, mainly composed of sugar and water, the
sugar has more or less completely disappeared ; and
it has acquired that peculiar smell and taste which
we call “ spirituous.” Instead of being devoid of
any obvious effect upon the animal economy, it
has become possessed of a very wonderful influence
on the nervous system; so that in small doses it
exhilarates, while in larger it stupefies, and may
even destroy life.

Moreover, if the original fluid is put into a still,
and heated moderately, the first and last product
of its distillation is simple water; while, when the
altered fluid is subjected to the same process, the
matter which is first condensed in the receiver is
found to be a clear, volatile substance, which is
lighter than water, has a pungent taste and smell,
possesses the intoxicating powers of the fluid in
an eminent degree, and takes fire the moment it
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is brought in contact with a flame. The Al-
chemists called this volatile liquid, which they
obtained from wine, “ spirits of wine,” just as they
called hydrochloric acid “spirits of salt,” and as
we, to this day, call refined turpentine “spirits of
turpentine.” As the “spiritus,” or breath, of a
man was thought to be the most refined and
subtle part of him, the intelligent essence of man
was also conceived as a sort of breath, or spirit;
and, by analogy, the most refined essence of any-
thing was called its “spirit.” And thus it has
come about that we use the same word for the
soul of man and for a glass of gin.

At the present day, however, we even more
commonly use another name for this peculiar
liquid—namely, “alcohol,” and its origin is not
less singular. The Dutch physician, Van Helmont,
lived in the latter part of the sixteenth and the
beginning of the seventeenth century—in the
transition period between alchemy and chemistry
—and was rather more alchemist than chemist.
Appended to his “ Opera Omnia,” published in1707,
there is a very needful “Clavis ad obscuriorum
sensum referendum,” in which the following
passage occurs :—

‘“ ALcoHOL.—Chymicis est liquor aut pulvis summs subtili-
satus, vocabulo Orientalibus quoque, cum primis Habessinis,
familiari, quibus cokol speciatim pulverem impalpabilem ex
antimonio pro oculis tingendis denotat . . . Hodie autem, ob
enalogiam, quivis pulvis tenerior, ut pulvis eculorum cancri
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summd sabtilisatns aleokol aundit, haud aliter ac spiritus rectifi-
catissimi alcolisati dicuntur.”

Similarly, Robert Boyle speaks of a fine powder
as “alcohol”; and, so late as the middle of the
last century, the English lexicographer, Nathan
Bailey, defines “ alcohol ” as “the pure substance
of anything separated from the more gross, a very
fine and impalpable powder, or a very pure, well-
rectified spirit.” But, by the time of the publi-
cation of Lavoisier's “Traité Elémentaire de
Chimie,” in 1789, the term “alcohol,” “alkohol,”
or “ alkool ” (for it is spelt in all three ways), which
Van Helmont had applied primarily to a fine
powder, and only secondarily to spirits of wine, had
lost its primary meaning altogether; and, from
the end of the last century until now, it has, I
believe, been used exclusively as the denotation of
spirits of wine, and bodies chemically allied to that
substance.

The process which gives rise to aleohol in a
saccharine fluid is known to us as “ fermentation ” ;
a term based upon the apparent boiling up or
“ effervescence” of the fermenting liquid, and of
Latin origin.

Our Teutonic cousins call the same process
“githren,” “gisen,” “goschen,” and “gischen”;
but, oddly enough, we do not seem to have
retained their verb or their substantive denot-
ing the action itsclf, though we do use names
identical with, or plainly derived from, theirs for

194
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the scum and lees. These are called, in Low
German, “ giischt ” and “ gischt ”; in Anglo-Saxon,
“gest,” “gist,” and “yst,” whence our “yeast.”
Again, in Low German and in Anglo-Saxon there
is another name for yeast, having the form “ barm,”
or “beorm”; and, in the Midland Counties,
“barm” is the name by which yeast is still best
known. In High German, there is a third name
for yeast, “hefe,” which is not represented in
English, so far as I know.

All these words are said by philologers to be
derived from roots  expressive of the intestine
motion of a fermenting substance. Thus “ hefe”
is derived from “heben,” to raise; “barm” from
“beren” or “biren,” to bear up; “yeast,” “yst,”
and “gist,” have all to do with seething and foam,
with “yeasty ” waves, and “ gusty ” breezes.

The same reference to the swelling up of the
fermenting substance is seen in the Gallo-Latin
terms “levure” and “leaven.”

It is highly creditable to the ingenuity of our
ancestors that the peculiar property of fermented
liquids, in virtue of which they “make glad the
heart of man,” seems to have been known in the
remotest periods of which we have any record.
All savages take to alcoholic fluids as if they
were to the manner born. Our Vedic forefathers
intoxicated themselves with the juice of the
“soma”; Noah, by a not unnatural reaction
ngainst a superfluity of water, appears to have
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taken the earliest practicable opportunity ecf
qualifying that which he was obliged to drink;
and the ghosts of the ancient Egyptians were
solaced by pictures of banquets in which the
wine-cup passes round, graven on the walls of
their tombs. A knowledge of the process of
fermentation, therefore, was in all probability
possessed by the prehistoric populations of the
globe ; and it must have become a matter of great
interest even to primaval wine-bibbers to study
the methods by which fermented liquids could
be surely manufactured. No doubt it was soon
discovered that the most certain, as well as
the most expeditious, way of making a sweet juice
ferment was to add to it a little of the scum, or
lees, of another fermenting juice. And it can
hardly be questioned that this singular excitation
of fermentation in one fluid, by a sort of infection,
or inoculation, of a little ferment taken from some
other fluid, together with the strange swelling,
foaming, and hissing of the fermented substance,
must have always attracted attention from the
more thoughtful. Nevertheless, the commence-
ment of the scientific analysis of the phenomena
dates from a period not earlier than the first half
of the seventeenth century.

At this time, Van Helmont made a first step,
by pointing out that the peculiar hissing and
bubbling of a fermented liquid is due, not to the
evolution of common air (which he, as the inventor
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of the term “gas,” calls “ gas ventosum”), but to
that of a peculiar kind of air such asis occasionally
met with in caves, mines, and wells, and which
he calls “ gas sylvestre.”

But a century elapsed before the nature of this
“gas sylvestre,” or, as it was afterwards called,
“fixed air,” was clearly determined, and it was
found to be identical with that deadly “choke-
damp” by which the lives of those who descend
into old wells, or mines, or brewers’ vats, are
sometimes suddenly ended ; and with the poisonous
agriform fluid which is produced by the combus-
tion of charcoal, and now goes by the name of
carbonic acid gas.

During the same time it gradually became
evident that the presence of sugar was essential to
the production of alcohol and the evolution of
carbonic acid gas, which are the two great and
conspicuous products of fermentation. And finally,
in 1787, the Italian chemist, Fabroni, made the
capital discovery that the yeast ferment, the
presence of which is necessary to fermentation,
is what he termed a “vegeto-animal” substance ;
that is, a body which gives off ammoniacal salts
when it is burned, and is, in other ways, similar
to the gluten of plants and the albumen and
casein of animals.

These discoveries prepared the way for the
illustrious Frenchman, Lavoisier, who first ap-
proached the problem of fermentation with a
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complete conception of the nature of the work to
be done. The words in which he expresses this
conception, in the treatise on elementary chemistry
to which reference has already been made, mark
the year 1789 as the commencement of a revolu-
tion of not less moment in the world of science
than that which simultaneously burst over the
political world, and soon engulfed Lavoisier himself
in one of its mad eddies.

¢We may lay it down as an incontestable axiom that, in all
the operations of art and nature, nothing is created ; an equal
quantity of matter exists both before and after the experiment :
the quality and quantity of the elements remain precisely tho
same, and nothing takes place beyond changes and modifications
in the combinations of these elements. Upon this principle the
whole art of performing chemical experiments depends; we
must always suppose an exact equality between the elements of
the body examined and those of the products of its analysis.

‘“Hence, since from must of grapes we procure alcohol and
carbonic acid, I have an undoubted right to suppose that must
consists of carbonic acid and alcohol. From these premisses we
have two modes of ascertaining what passes during vinous fer-
mentation : either by determining the nature of, and the elements
which compose, the fermentable substances ; or by accurately ex-
amining the products resulting from fermentation ; and it is evi-
dent that the knowledge of either of these must lead to accurate
conclusions concerning the nature and composition of the other.
From these considerations it became necessary accurately to
determine the comstituent elements of the fermentable sub-
stances ; and for this purpose I did not make use of the com-
pound juices of fruits, the rigorous analysis of which is perhaps
impossible, but made chcico of sugar, which is easily analysed,
and the nature of which I have already explained. This sub-
stance is a truc vegetable oxyd, with two bases, composed of
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hydrogen and carbon, brought to the state of an oxyd by means
of a certain proportion of oxygen ; and these three elements are
combined in such a way that a very slight force is sufficient to
destroy the equilibrium of their connection.”

After giving the details of his analysis of sugar
and of the products of fermentation, Lavoisier
continues :—

¢“The effect of the vinous fermentation upon sugar is thus
reduced to the mere separation of its elements into two portions ;
one part is oxygenated at the expense of the other, so as to form
carbonic acid ; while the other part, being disoxygenated in
favour of the latter, is converted into the combustible substance
called alkohol ; therefore, if it were possible to re-unite alkohol
and carbonic acid together, we ought to form sugar.”?!

Thus Lavoisier thought he had demonstrated
that the carbonic acid and the alcohol which are
produced by the process of fermentation, are
equal in weight to the sugar which disappears;
but the application of the more refined methods
of modern chemistry to the investigation of the
products of fermentation by Pasteur, in 1860,
proved that this is not exactly true, and that
there is a deficit of from 5 to 7 per cent. of the
sugar which is not covered by the alcohol and
carbonic acid evolved. The greater part of this
deficit is accounted for by the discovery of two
substances, glycerine and succinic acid, of the
existence of which Lavoisier was unaware, in the

1 Elements of Chemistry. By M. Lavoisier. Translated by
Robert Kerr. Second Edition, 1793 (pp. 186—196).
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fermented liquid. But about 1} per cent. still
remains to be made good. According to Pasteur,
it has been appropriated by the yeast, but the
fact that such appropriation takes place cannot
be said to be actually proved.

However this may be, there can be no doubt
that the constituent elements of fully 98 per
cent. of the sugar which has vanished during
fermentation have simply undergone rearrange-
ment ; like the soldiers of a brigade, who at the
word of command divide themselves into the
independent regiments to which they belong.
The brigade is sugar, the regiments are carbonic
acid, succinic acid, alcohol, and glycerine.

From the time of Fabroni, onwards, it has been
admitted that the agent by which this surprising
rearrangement of the particles of the sugar is
effected is the yeast. But the first thoroughly
conclusive evidence of the necessity of yeast for
the fermentation of sugar was furnished by
Appert, whose method of preserving perishable
articles of food excited so much attention in
France at the beginning of this century. Gay-
Lussac, in his “ Mémoire sur la Fermentation,”?
alludes to Appert’s method of preserving beer-
wort unfermented for an indefinite time, by
simply boiling the wort and closing the vessel
in which the boiling fluid is contained, in such
a way es thoroughly to exclude air; and he

3 Annales de Chimie, 1810,
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shows that, if a little yeast be introduced into
such wort, after it has cooled, the wort at once
begins to ferment, even though every precaution
be taken to exclude air. And this statement has
since received full confirmation from Pasteur.

On the other hand, Schwann, Schroeder and
Dusch, and Pasteur, have amply proved that air
may be allowed to have free access to beer-wort,
without exciting fermentation, if only efficient
precautions are taken to prevent the entry of
particles of yeast along with the air.

Thus, the truth that the fermentation of a
simple solution of sugar in water depends upon
the presence of yeast, rests upon an unassailable
foundation; and the inquiry into the exact
nature of the substance which possesses such a
wonderful chemical influence becomes profoundly
interesting.

The first step towards the solution of this
problem was made two centuries ago by the patient
and painstaking Dutch naturalist, Leeuwenhoek,
who in the year 1680 wrote thus :—

‘“Swepissime examinavi fermentum cerevisiee, semperque hoc
ex globulis per materiam pellucidam fluitantibus, quam cere-
visiam esse censui, constare observavi : vidi etiam evidentissime,
unumquemque hujus fermenti globulum denuo ex sex distinetis
globulis constare, accurate eidem quantitate et forme, cui
globulis sangninis nostri, respondentibus.

““Verum talis mihi de horum crigine et formatione conceptus
formabam ; globulis nempe ex quibus farina Tritici, Hordei,
Avene, Fagotritici, se constat aque calore dissolvi et aqnze com.
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misceti ; hac, vero aqua, quam cerevisiam vocare licet, refriges-
cente, multos ex minimis particulis in cerevisia coadunari, et hoe
pacto efficere particulam sive globulum, que sexta pars est
globuli fiecis, et iterum sex ex hisce globulis conjungi.” !

Thus Leeuwenhoek discovered that yeast con-
sists of globules floating in a fluid ; but he thought
that they were merely the starchy particles of the
grain from which the wort was made, rearranged.
He discovered the fact that yeast had a definite
structure, but not the meaning of the fact. A
century and a half elapsed, and the investigation
of yeast was recommenced almost simultaneously
by Cagniard de la Tour in France, and by Schwann
and Kiitzing in Germany. The French observer
was the first to publish his results; and the sub-
ject received at his hands and at those of his
colleague, the botanist Turpin, full and satisfactory
investigation.

The main conclusions at which they arrived are
these. The globular, or oval, corpuscles which
float so thickly in the yeast as to make it muddy,
though the largest are not more than one two-
thousandth of an inch in diameter, and the
smallest may measure less than one seven-
thousandth of an inch, are living organisms. They
multiply with great rapidity by giving off minute
buds, which soon attain the size of their parent,
and then either become detached or remain
united, forming the compound globules of which

1 Leeuwenhock, Arcana Nature Detecta. Ed. Nov., 1721,
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Leeuwenhoek speaks, though the constancy of
their arrangement in sixes existed only in the
worthy Dutchman’s imagination.

It was very soon made out that these yeast
organisms, to which Turpin gave the name of
Torula cerevisiw, were more nearly allied to the
lower Fungi than to anything else. Indeed
Turpin, and subsequently Berkeley and Hoffmann,
believed that they had traced the development of
the Zorula into the well-known and very common
mould—the Penicillium glaucum. Other observers
have not succeeded in verifying these statements;
and my own observations lead me to believe, that
while the connection between Zorule and the
moulds is a very close one, it is of a different
nature from that which has been supposed. I
have never been able to trace the development of
Torula into a true mould ; but it is quite easy to
prove that species of true mould, such as Peni-
cillium, when sown in an appropriate nidus, such
as a solution of tartrate of ammonia and yeast-
ash, in water, with or without sugar, give rise to
Torule, similar in all respects to 7. cerevisice,
except that they are, on the average, smaller.
Moreover, Bail has observed the development of a
Torula larger than 7. cerevisice, from a Mucor, a
mould allied to Penicillium.

It follows, therefore, that the Zorule, or
organisms of yeast, are veritable plants; and con-
clusive experiments have proved that the power
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which causes the rearrangement of the molecules
of the sugar is intimately connected with the life
and growth of the plant. In fact, whatever arrests
the vital activity of the plant also prevents it
from exciting fermentation.

Such being the facts with regard to the nature
of yeast, and the changes which it effects in
sugar, how are they to be accounted for? Before
modern chemistry had come into existence, Stahl,
stumbling, with the stride of genius, upon the con-
ception which lies at the bottom of all modern views
of the process, put forward the notion that the
ferment, being in a state of internal motion, com-
municated that motion to the sugar, and thus
caused its resolution into new substances. And
Lavoisier, as we have seen, adopts substantially
the same view. But Fabroni, full of the then
novel conception of acids and bases and double
decompesitions, propounded the hypothesis that
sugar is an oxide with two bases, and the ferment
a carbonate with two bases; that the carbon of
the ferment unites with the oxygen of the sugar,
and gives rise to carbonic acid; while the sugar,
uniting with the nitrogen of the ferment, pro-
duces a new substance analogous to opium. This
is decomposed by distillation, and gives rise to
alcohol. Next, in 1803, Thénard propounded a
hypothesis which partakes somewhat of the nature
of both Stahl’s and Fabroni’s views. “I do not
believe with Lavoisier,” he says, “that all the
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carbonic acid formed proceeds from the sugar.
How, in that case, could we conceive the action of
the ferment on it? I think that the first por-
tions of the acid are due to a combination of the
carbon of the ferment with the oxygen of the
sugar, and that it is by carrying off a portion of
oxygen from the last that the ferment causes the
fermentation to commence—the equilibrium be-
tween the principles of the sugar being disturbed,
they combine afresh to form carbonic acid and
alcohol.”

The three views here before us may be familiarly
exemplified by supposing the sugar to be a card-
house. According to Stahl, the ferment is some-
body who knocks the table, and shakes the card-
house down; according to Fabroni, the ferment
takes out some cards, but puts others in their
places; according to Thénard, the ferment simply
takes a card out of the bottom story, the result
of which is that all the others fall.

As chemistry advanced, facts came to light
which put a new face upon Stahl’s hypothesis, and
gave it a safer foundation than it previously pos-
sessed. The general nature of these phenomena
may be thus stated :—A body, A, without giving
to, or taking from, another body B, any material
particles, causes B to decompose into other sub-
stances, C, D, E, the sum of the weights of which
is equal to the weight of B, which decomposes.

Thus, bitter almonds contain two substances,
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amygdalin and synaptase, which can be extracted,
in a separate state, from the bitter almonds. The
amygdalin thus obtained, if dissolved in water,
undergoes no change; but if a little synaptase be
added to the solution, the amygdalin splits up
into bitter almond oil, prussic acid, and a kind of
sugar. '

A short time after Cagniard de la Tour dis-
covered the yeast plant, Liebig, struck with the
similarity between this and other such processes
and the fermentation of sugar, put forward the
hypothesis that yeast contains a substance which
acts upon sugar, as synaptase acts upon amygdalin.
And as the synaptase is certainly neither organized
nor alive, but a mere chemical substance, Liebig
treated Cagniard de la Tour’s discovery with no
small contempt, and, from that time to the pre-
sent, has steadily repudiated the notion that the
decomposition of the sugar is, in any sense, the
result of the vital activity of the Zorula. But,
though the notion that the Torula is a creature
which eats sugar and excretes carbonic acid and
alcohol, which is not unjustly ridiculed in the
most surprising paper that ever made its appear-
ance in a grave scientific journal! may be un-

1 ¢“Das entrithselte Geheimniss der geistigen Gihrung (Vor-
liufige briefliche Mittheilung)” is the title of an anonymous
contribution to Wohler and Liebig's dnnalen der Pharmacis
for 1839, in which a somewhat Rabelaisian imaginary descrip.
tion of the organisation of the !‘yeast animals” and of the
manner in which their functions are performed, is given with a
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tenable, the fact that the Zorule are alive, and
that yeast does not excite fermentation unless it
contains living Torule, stands fast. Moreover, of
late years, the essential participation of living
organisms in fermentation other than the alcoholic,
has been clearly made out by Pasteur and other
chemists. \

However, it may be asked, is there any necessary
opposition between the so-called “ vital” and the
strictly physico-chemical views of fermentation ?
It is quite possible that the living 7Torula may
excite fermentation in sugar, because it constantly
produces, as an essential part of its vital manifes-
tations, some substance which acts upon the sugar,
just as the synaptase acts upon the amygdalin.
Or it may be, that, without the formation of any
such special substance, the physical condition of
the living tissue of the yeast plant is sufficient to
effect that small disturbance of the equilibrium of
the particles of the sugar, which Lavoisier thought
sufficient to effect its decomposition.

Platinum in a very fine state of division—
known as platinum black, or noir de platine—has

circumstantiality worthy of the author of Guilliver's Travels.
As a specimen of the writer's humour, his account of what
happens when fermentation comes to an end may suffice.
¢¢Sobald nimlich die Thiere keinen Zucker mehr vorfinden, so
fressen sie sich gegenseitig selbst auf, was durch eine eigene
Manipulation geschieht; alles wird verdaut bis auf die Eier,
weiche unverindert durch den Darmkanal hineingehen ; man
hat zuletzt wieder gihrungsfihige Hefe, nimlich den Saamen
der Thiere, der ubrig bleibt.”
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the very singular property of causing alcohol to
change into acetic acid with great rapidity. The
vinegar plant, which is closely allied to the yeast
plant, has a similar effect upon dilute alcohol,
causing it to absorb the oxygen of the air, and
become converted into vinegar; and Liebig's
eminent opponent, Pasteur, who has done so much
for the theory and the practice of vinegar-making,
himself suggests that in this case—

¢“La cause du phénoméne physique qui accompagne la vie de
la plante réside dans un état physique propre, analogue & celui
du noir de platine. Mais il est essentiel de remarquer que cet
état physique de la plante est etroitement lié avec la vie de
cette plante,” !

Now, if the vinegar plant gives rise to the oxi-
dation of alcohol, on account of its merely phy-
sical constitution, it is at any rate possible that
the physical constitution of the yeast plant may
exert a decomposing influence on sugar.

But, without presuming to discuss a question
which leads us into the very arcana of chemistry,
the present state of speculation upon the modus
operandi of the yeast plant in producing fermenta-
tion is represented, on the ome hand, by the
Stahlian doctrine, supported by Liebig, according
to which the atoms of the sugar are shaken into
new combinations, either directly by the Z'orule,
or indirectly, by some substance formed by them ;

Y Etudes sur les Mycodermes, Comptes.Rendus, liv., 1862
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and, on the other hand, by the Thénardian doc-
trine, supported by Pasteur, according to which
the yeast plant assimilates part of the sugar, and,
in so doing, disturbs the rest, and determines its
resolution into the products of fermentation. Per-
haps the two views are not so much opposed as
they seem at first sight to be.

But the interest which attachesto the influence
of the yeast plants upon the medium in which
they live and grow does not arise solely from its
bearing upon the theory of fermentation. So long
ago as 1838, Turpin compared the Zorule to the
ultimate elements of the tissues of animals and
plants—“ Les organes élémentaires de leurs tissus,
comparables aux petits végétaux des levures
ordinaires, sont aussi les décompositeurs des sub-
stances qui les environnent.”

Almost at the same time, and, probably, equally
guided by his study of yeast, Schwann was en-
gaged in those remarkable investigations into the
form and development of the ultimate structural
elements of the tissues of animals, which led him
to recognise their fundamental identity with the
ultimate structural elements of vegetable organ-
isms.

The yeast plant is a mere sae, or “cell,” eon-
taining a semi-fluid matter, and Schwann’s micro-
scopic analysis resolved all living organisms, in the
long run, into an aggregation of such sacs or cells,
variously modified ; and tended to show, that all,
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whatever their ultimate complication, begin their
existence in the condition of such simple cells.

In his famous “Mikroskopische Untersuchun-
gen” Schwann speaks of Torula as a “cell”; and,
in a remarkable note to the passage in which he
refers to the yeast plant, Schwann says :—

““I have been unable to avoid mentioning fermentation,
because it is the most fully and exactly known operation of cells,
and represents, in the simplest fashion, the process which is
repeated by every cell of the living body.”

In other words, Schwann conceives that every
cell of the living body exerts an influence on the
matter which surrounds and permeates it, ana-
logous to that which a ZTorula exerts on the
saccharine solution by which it is bathed. A
wonderfully suggestive thought, opening up views
of the nature of the chemical processes of the
living body, which have hardly yet received all
the development of which they are capable.

Kant defined the special peculiarity of the living
body to be that the parts exist for the sake of the
whole and the whole for the sake of the parts,
But when Turpin and Schwann resolved the living
body into an aggregation of quasi-independent
cells, each, like a Torula, leading its own life and
having its own laws of growth and development,
the aggregation being dominated and kept work-
ing towards a definite end only by a certain
harmony among these units, or by the superaddition

195



130 YEAST ™

of a controlling apparatus, such as a nervous system,
this conception ceased to be tenable. The cell
lives for its own sake, as well as for the sake of
the whole organism; and the cells which float in
the blood, live at its expense, and profoundly
modify it, are almost as much independent organ-
isms as the Zorule which float in beer-wort.

Schwann burdened his enunciation of the “cell
theory” with two false suppositions; the one,
that the structures he called “ nucleus ”* and “ cell-
wall ” are essential to a cell; the other, that cells
are usually formed independently of other cells;
but, in 1839, it was a vast and clear gain to arrive
at the conception, that the vital functions of all
the higher animals and plants are the resultant of
the forces inherent in the innumerable minu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>