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CttAfrteER 1

THE OCEAN BASIN

Atmosphere, lithosphere and hydrosphere—Area,
volume and average depth of the ocean—Mean sphere
level—Continental shelf and slope—Abyssal plain—
Origin and history of the ocean basin—Drift theories
—Wegener's  theory—The Atlantean  Continent—
Gondwanaland—Subsidence theories—The structure
of the Pacific—Origin of sea water—Why the sea is
salt—Chemical composition of sea water—Distribu-
tion of salinity—Ocean currents—Boundaries in the
ocean—Circulation in the ocean—Tides—Waves.

WE MAY look upon our physical world as made up of
three elementary regions or gpheres, each different from
but intimately related to the other. First, thereis the
atmosphere, which is the benign mixture of gases which
we breathe and which clothes the earth like a mantle.
Secondly, there is the lithosphere—the zone of the rocks.
It forms the crust of the earth, builds the continents,
supports the ocean basins and makes up thedry land on
which we live. Thirdly, there is the hydrosphere, the
watery covering of the earth—the oceans and the seas
Of thexe three regions the lithosphere is by far the
largest. It may be said to extend down some fifty to
seventy-five miles to the great core of the earth itself
which we may perhaps count as a fourth region—the
centrosphere. The character of this core we can only
infer but cannot observe, and indeed we can only
observe directly a very thin skin of the lithospher e itself.
When we consder the movements of land mases and
continents and those gigantic proceses which have
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built up the earth as we know it, we must remember
always that we are dealing at the most with a layer
about three miles thick. Yet the total diameter of the
earth is 7,918 miles. If the earth were reduced to the
size of an orange, the atmosphere would become no
thicker relatively than the tissue paper wrapping round
it. And if the earth were a ball four inchesin diameter,
all the oceans with their great depths would become a
film one-thousandth of an inch thick. We should see it
as a mere wenes clinging to the ball by capillary
attraction. If the earth were one foot in diameter, about
the size of a football, the oceans would be represented by
a film one-two-hundredth of an inch thick and most of
the land that forms the continents would become a shell
less than one-thousandth of an inch thick on the surface
of the football. Mt. Everest would beseen asapimple
less than one-hundredth of an inch in height.

There is a congtant exchange of gases between the
hydrosphere and the atmosphere and, on land, between
living things and the atmosphere. Evaporation from the
aurface of the sea, and from all the wet surfaces of the
earth, supplies the water vapour which is part of the
atmosphere, variable from place to place, without which
life on land could not exist. The water vapour picked
up descends as rain, which, with the action of fros and
wind, erodes the surface of the lithosphere, carrying
down sediments to the streams and rivers. These are
continually spreading new layers upon the sea bottom.
The Thames carries to the ssa between one and two
million tons of sediments every year and it has been
estimated that the British I1des are being worn away at
the rate of one foot in three thousand years. From all the
lithosphere about 3*7 cubic miles of waste material are
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carried to the sea every year, enough to cover the land
to a depth of 1,450 fathoms in about sx and a quarter
million years. But the lithosphere is always remade
elsawhere. Seas recede and river mouths slt up. In
past ages land has heaved itself above the surface of the
sea. Animal and plant life, nourished and supported by
the atmosphere and the lithosphere, dies and in decay
passs into the soil.

The woods decay, the woods decay and fall.
The vapours weep their burthen to the ground.

So our world, old yet ever youthful, is constantly re-
newed. Yet during the history of the earth there have
been changes in the relationship of the three spheres to
one another. There is evidence that the ocean is larger
now and contains more water than the sssin which the
coal measures were laid down. Vast changes in the
relative postions of land and water have occurred.
Sedimentary rocks, now far inland in the centres of
continents, were laid down in shallow seas and some of
the theories which sk to account for observed geo-
logical facts require the foundering of whole continents
beneath primeval oceans.

The oceans and sss of the world cover an area of
about 140,000,000 sguare miles or about two-thirds of
the earth's surface. They occupy a volume (324,000,000
cubic miles) fifteen times greater than that of the land
above sa level (about 23,000,000 cubic miles) and fill
avad irregular depressed basin with an average depth
(12,600 feet or 2,078 fathoms) more than five times the
average height of the land which, in spite of the majestic
height and extent of the great mountain sysems, is only
2,300 feet. The greatest depth of the ocean, however, off
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the coagt of Japan, isnot so much morethan the greatest
Height of the land—34,818 feet (about sx and a half
miles) as againgt 29,002 feet (about five and a half miles)
which isthe height of Mt. Everest. If all the depressons
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of the ocean floor could be filled in by cutting away
material from the continental elevations we should
drown all the land beneath the surface of the sea to a
depth of 1,700 fathoms. This is known as the 'mean
sphere level'.

Around the continents below sa level a small pro-
portion of the floor of the ocean basin forms a shallow
platform of varying extent where the depth is less than
100 fathoms. Thisisthe 'continental shelf'(Fig. 1). In
places it is very wide and supports continental idands,
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the accumulated keletons of floating animals and plants,
microscopic but innumerable, with organic remains such
as the ear bones of whales and materials of meteoric
origin. All these have been settling down with incon-
ceivable downess almost since the first appearance of life
in thewaters. From the abyssal plain volcanic elevations
project upwards compar atively steeply and break surface
as oceanic idands, often capped with coral growths, as
are Bermuda in the Atlantic, Christmas Island in the
Indian Ocean and the many lovely idands of the
Pecific.

Less than 2 per cent, of the sea floor lies at depths
greater than 3,000 fathoms. Most of the deeps, as they
are called, occupy elongated trenches often dose to the
coagts of the continents or on the margins of the ocean
basns. There are several such trenches on the western
sde of the Pacific (Plate | ), where the deepest water in
the world occurs: Thisis theJapan Trench, just east of
the Japanese Archipelago, where there is a depth of
5,800 fathoms (about sx and a half miles). In the
Mariana Trench, where the Challenger obtained her
deepest sounding of 4,475 fathoms, a depth of 5,395
fathoms (a little over six miles) has now been recorded.
There are many similar trenchesin the Pacific, nearly all
on the western side, but in the Atlantic they are com-
paratively rare. Such astherearelieon the western side
of the ocean and the despest water in the Atlantic
occupies a trough immediately north of the isand of
Puerto Rico, where there is a depth of 4,812 fathoms.
There is another with a depth of 4,545 fathoms immedi-
ately eas of the South Sandwich Idands in nearly 60°
South. It is noticeable that very many of these deeps
take the form of steep-sided declivities dose to, and often

B
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parallel with, parts of the sea floor which rise steeply
from great depths to the surface where they are crowned
by chains of idands. The South Sandwich Deep, just
mentioned, and the Japan and Mariana Trenches are
typical in thisrespect and are, from their relationship to
the submarine ridges and to the idands on them, known
as 'foredeeps.

The origin and history of the great depresson which
the oceans occupy are still matters for discusson among
geologists. Briefly, there are two chief schools of opinion.
One of them holds that the continents have moved into
their present postions by the drifting apart of portions
of a once single whole. The most famous of these drift
theories, as they are called, is that put forward by the
German geologist Wegener in 1914. According to this
theory, there was until Carboniferous times a single
continent, Pangaea, made of comparatively light
material resting on a denser substratum. In the Carbon-
iferous period, owing to tidal and other forces, this single
land mass broke up into separate blocks which, like
beeswax moving on pitch—if that can be imagined—
slowly drifted into their present position. But there are
many objections to Wegener's drift theory and it has now
been abandoned. The chief objection is that thereis no
known force which could cause the splitting apart and
drifting of the land mases which the theory involves.
There are, however, other theories which introduce the
principle of drift into the history of theearth.

There are certain features of the structure of the basin
of the Atlantic Ocean which seem to fit in with the idea
of a split or rupture at some time between the Old and
New Worlds. A glance at a map shows that the outhnes
of the eastern and western sdes of the Atlantic Ocean
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sem to be complementary to one another. Further,
there is the remarkable median ridge (Plate I) which
follows the S-shaped centre line of the ocean basin from
Iceland to Bouvet Island nearly within the Antarctic
Circle. And there are other geological and biological
similarities between the eastern and western sdes of the
ocean which sugges that they were originally joined.

The other school of opinion, however, holds that all
the questions, both geological and biological, which
drift has been called in to answer, can equally be
answered along orthodox lines. The land mases are
consdered to have undergone great changes by the
foundering of whole continents beneath deep oceans.
The Atlantic and Pacific Oceans are believed to have
engulfed during the history of the earth dretches of
continental land which formerly united their opposte
shores.

There is general agreement between those who hold
to these more orthodox ideas and those who favour the
more recent drift theories that certain broad topo-
graphical features of the oceans and continents existed
in past ages There were, for instance, two great con-
tinents which foundered into what is now the Atlantic
Ocean in Tertiary times. The northern onejoined what
isnow North America to what is now Europe and Asia.
This would account for the similarity, and posshle
continuity, of the eastern and western ddes of the North
Atlantic. It may be that the Azores, and the submarine
plateau on which they stand, are the remains of this lost
continent, as Madeira, the Cape Verdes and, perhaps,
the Canaries, may be also. Here the los continent of
Atlantis, the legend of which has so long persisted in the
historical memory of mankind, was supposed to have
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sunk into the waves in the year 10,000 B.C. Geology
provides some evidence for it but indicates that it
foundered long before mankind appeared on earth.

The other great continent which stretched across what
is now the Atlantic Ocean was Gondwanaland, which
united the Africa, Australia and South America of to-
day. It accounts for many geological and biological
similarities between the two ddes of the South Atlantic.
The many dgns of glaciation, belonging to the Carbon-
iferous period, which geologists have found in Brazil,
South Africa, India and Antarctica, indicate that this
great land mass was covered by an ice cap like that
which now covers the Antarctic, and it is believed that
in the coal age, the Carboniferous, the South Pole was
not far from what is now the pleasant city of Durban in
Natal. Gondwanaland too foundered in Tertiary times,
leaving as remnants the South Atlantic Idands, includ-
ing St. Paul's Rocks, South Georgia and the Falkland
Idlands.

Between these two northern and southern continents
was a long median sea, the Tethys, which covered the
area now occupied by the central Atlantic, the Alps and
the Himalayas. The central Atlantic portion grew by
the extension of bays northward and southward in the
region of the modern ocean basin, but the floor of the
eastern portion of the Tethys became lifted up above sea
level, forming vast mountain ranges, the Alps and the
Himalayas.

The great difference between the drift and the ortho-
dox theories concerns the Pacific. Most drift theories
hold that the Pacific has remained as a permanent
primordial depresson of the earth's crust. The idea, in
fact, was put forward that it is the scar left behind when
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the moon was torn out of the earth's substance, but the
objection to that isthat the moon is too large for its own
scar and would not fit into it. Orthodox theories main-
tain that there was a great Pacific continent, or perhaps
two—a northern and a southern land mass separated by
a narrow sea. These are supposed to have sunk dowly
down beneath thewavesin early Tertiary timesand that
on the western sde of the ocean the process is not quite
complete. |

Ifwe look at the structure of the Pacific Ocean (Plate
1) as we know it to-day we can se the ground for this
view. On the eastern margin of the ocean an enormous
mountain chain, which has resulted from a folding and
crumpling of the earth's crugt, runs for 11,000 miles par -
allel to the coast and falls to a narrow continental shelf
and dope beyond which isfairly deep water with adepth
of mostly over 2,000 fathoms, and off the coast of Peru
3,000 fathoms. On the Asiatic sde a wide continental
shelf supportsarepetition of similar featureswhich gener-
ally increase in complexity southwards. Each conssts of
what isreally a submerged arc-shaped mountain chain
breaking surface as a festoon of idands. The convexity
of each of these arcs is towards the ocean and is usually
bordered by a deep trench or foredeep, while between
the arc and the mainland is a shallow basn sea. The
northernmost of these arcs is formed by the Aleutian
Islands enclosing the Behring Sea and bordered by the
deep Aleutian Trench. Next come the Kurile Idands
enclosing the Sea of Okhotsk and bordered by the
Tuscarora Deep—4,875 fathoms or five and a quarter
miles. Next is the Japanese Archipelago, enclosing the
Sea of Japan and bordered by the Japan Trench, and
the Liu-Chiu ldands, south of Japan, enclosng the
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Yellow Sea. Farther south the sysem increases greatly
in complexity and there are several arcs which make up
the great Philippine-East Indies complex of idands.
Well outside these arcs that run dose to the coast are yet
others of which the most important isthat formed by the
Ladrone, Mariana and Caroline Idands enclosing the
Philippine Basin. New Zealand and New Caledonia
form another enclosing the Tasman Sea. So we s that
the western side of the Pacific condgs of basn sas
enclosed by more or less submerged mountain chains.
The floor of the Pacific has no median ridge like the
Atlantic but large parts of its southern and central areas
are raised up to depths of less than 2,000 fathoms. On
this raised portion stand innumerable volcanic idands
arranged in arc-shaped archipelagoes. Most of them are
capped with coral formations or appear only asfringing
regfs or atolls of marvellous beauty. The central Pacific
also shows the same shallow basins as the western side,
but they are completely submerged. It is supposed that
the two great masss of land that once occupied this area
were studded with huge lakes and shallow, almost
enclosed seas They began to subsde in the late M esozoic
or early Tertiary period, sinkingon the eastern side fir t,
where the deepest water now is. The ocean floor sank
sowly from east to west and the process is not yet
complete on the western side, where the basin ses
and fesoons of idands still remain along the coast of
Asia.

All speculations about the history of the earth begin
with a spinning gaseous globe which was once our world
initsinfancy. It has been dowly cooling and contracting
ever since its formation from the parent sun, from a
gaseous to a molten and at last to a solid state. The
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cooled exterior is made of a solid crust consgting of
sveral layers of different density. There was an in-
equality in the surface of the crugt so that the raised
nuclei of the continents, made of lighter materials with
a densar substratum beneath them, contrasted with the
depressed part of the crugt in which the waters of the
ocean collected.

Whatever the mode of origin of these depressed areas
which the oceans occupy, it is certain that they are of
immense age. Nowhere on the surface of the globe can
we recognize any rocks which resemble in composition
the organic oozes which now cover the ocean floor. No
part of the floor of the ocean, we must presume, has
been raised above the surface since the organic oozes
first began to accumulate upon it—avery long time, even
as geologists reckon it, for it covers aimost the whole
period during which life has been evolving upon
earth.

The water which collected in the depressed parts of
the earth's crust came both from the atmosphere, which
surrounded the spinning globe, and from the primeval
rocks themselves. The envelope of gas enclosing the hot
primitive earth contained a high proportion of water
vapour, carbon dioxide and carbon monoxide. Unlike
the atmosphere which it later became, and which we
now breathe, it contained no oxygen. The water vapour
formed a perpetual dense blanket of cloud ever writhing
and convoluting into giant thunder-heads from which
torrential rain fell continually, only to evaporate back
again almost at once on contact with the hot rocks. As
cooling went on, however, thisrain settled in the depres
gons of the earth's crust and formed the beginning of the
oceans, which were probably warm at first, shrouded in
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thick mist and cloud. But therewas an additional source
of water in the rocks themsdlves because the water vapour
of the primitive atmosphere would have been taken up
into the fluid rocks in solution in much the same way as
the atmosphere of to-day is taken up into solution in the
waters of the ocean. As the rocks cooled and solidified,
this water, bound within them, would have been re-
leased. Still another source of water would have been
that which was held chemically bound in the rocks,
for rocks to-day hold water in chemical combination
which they are continually releasing. Throughout
geological time, therefore, the waters of the ocean
must have been steadily increasing in volume. One
may wonder that the vast bodies of water that wash
our shores and bear our ships can have originated in this
manner, but it has in fact been calculated that there is
now too little water on the earth for this theory of its
origin to be entirely satisfactory. And we must remem-
ber, once again, that if the world is reduced to the sze
of a large orange the ocean becomes a mere wetness on
its skin.

Water is an almost universal solvent. Nearly all
ubgtances disolve in it to a certain, though possbly
minute, extent. Even the glass is dissolved dlightly in a
tumbler of water. From its very beginnings the crust of
the earth has been subjected to the dow but persstent
and inexorable dissolving action of water. Ever snce
water first collected in the ocean basns the sea has been
washing the coagts of the continents and therain, falling
on the land, has been draining into the lakes and rivers.
Sea water, therefore, contains in very dilute solution all
the elements which compose the minerals of the earth's
crust. But, as everyone knows, thereis a great difference
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in chemical composition between sea water and fresh
water, between the water of the oceans and that which
drains into it from the land. For instance, fresh water
contains far less combined sodium but far more calcium
than sea water, far less chlorine but far more sulphate
and carbonate. One would imagine, therefore, that s
water must have been changing steadily in composition
throughout the earth's history. Yet it is a fact that the
amount of dissolved salts which the rivers contribute to
the sea every year is only a very small fraction—estimated
at about one two-millionth part—of the total in the
ocean. And even thisisnot all gain tothe ocean for some
of the sdlts which the rivers carry down are thrown out
of solution by precipitation or withdrawn by animals and
plants to form skeletons of lime or slica. A certain
proportion too is swept off the sea and on to the land by
wind-blown spray or picked up by the water vapour of
the atmosphere and deposited again upon the land.
These are washed into the rivers and so returned to the
sea comparatively quickly and are for this reason known
as cyclic sdts. They reduce the gross contribution
which the rivers make to the ocean. Very few of the
rivers have, in fact, any effect on the chemical com-
position of the ssa beyond a short distance from their
mouths. The Baltic, Snce it is an enclosed seg, is dightly
affected chemically and diluted by theriverswhich drain
into it, but the Misdissppi has very little influence
beyond afew hundred miles from its mouth. So we must
assume that if the rivers have affected the sea chemically
during the earth's history they have been doing so only
very dslightly and the change has been a very dow one.
Sea water, then, is probably not very different chemically
to-day from the water which first collected on the young
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barren earth. A large part of the saltsin that water were
derived originally from the rocks of the hot crust at a
time when conditions of temperature and sometimes
of pressure were more favourable for solution than they
are now. They have remained ever since in approx-
imately the same proportions and we must suppose
that some chemical mechanism exists, unknown to us
at present, which changes the proportions of the various
slts to one another when fresh water flows into the
sea.

Sea water is a very dilute solution of many mineral
substances derived from the earth's crust. It contains
also a certain amount of organic salts which come from
the decay and excretion of animal and plant bodies. It
has been calculated that there are enough slts in the sea
to cover the entire globe, when dried, with a layer 150
feet thick or the present land area with a layer nearly
500 feet thick. In this solution common salt (sodium
chloride) is by far the most important constituent.
An artificial sea water can be made by dissolving in a
litre of water a mixture of salts which conssts of 68 per
cent. common salt and various other salts in very much
smaller proportions, but this solution is not the same as
true sea water for various reasons. In the firs place it
lacks certain very important ingredients found in real
sea water in small but significent amounts. These are the
so-called nutrient salts which are used by plants pri-
marily and animals secondarily in their metabolism and
growth. They are mainly phosphates, nitrates and
nitrites. In the second place the sats in true sea water
are highly ionized—dissociated into electrically charged
units or .ions, so that it is only really correct, when
speaking of the chemical composition of sea water, to
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refer to the individual ions into which the various sats
are dissociated. They may be listed as follows:

per cent per cent.

Sodium (Na), 30:4 Chlorine (cl), 55-2

Magnesium (Mg), 3.7 Sulphate (SO4), 7.7

Calcium (ca), i.2 Bromine (Br), 0-19
Potassum (K), .1 Carbonate(CO03), 1

Strontium (Sr), 0-04 Bicarbonate (HGO3), Boricacid (HBO3), 0*07

One of the most important discoveries made by the
Challenger expedition was the surprising fact that al-
though the concentration of the solution, sea water,
may vary from place to place over the surface of the
globe, yet the proportions in which the different units
or ions of the elements exit to one another vary very
little whether the sample analysed be taken from the Red
Sea, where the salt content is nearly 40 parts per
thousand, or from the Baltic, where it is only 7.2 parts
per thousand. This is a most useful characteristic of sea
water for it means that if we know the amount of one
congtituent in the solution we can calculate the others
and thus the total salt content of any sample of sea
water. The total salt content is called the salinity and
refers to the total dissolved solids present in solution—
including among others the most important ingredient,
common salt.

The chlorine present in sea water, together with the
bromine and a minute trace of iodine, is very easly
thrown out of solution by the addition of silver nitrate.
A white precipitate of silver chloride (with bromide and
iodide) is formed and this affords a very quick and
accurate method of determining the amount of chlorine
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in the water. Since the proportions of the other sdts are
known, it is by this method that the salinities of samples
of sea water are determined in practice at sea. Thisisan
extremely important part of routine oceanographical
work because salinity is directly related to density and to
temperature. Small differences in density, and thus in
salinity and temperature, give the clue to the movements
of currents and of masss of water in the oceans at various
depths beneath the surface.

The uniformity in the proportions of the sts in sea
water is brought about by the thorough mixing which
takes place all over the globe. For the waters of the
ocean are never still. Currents move great bodies of
water from one place to another. When water is carried
away at the surface by any agency, more wells up from
below to take its place. Thereis also a congtant stirring
action by the waves and the wind and by cooling at the
surface and evaporation which cause vertical convection
currents. Yet variations in the concentration of the
solution—the salinity—do occur from one part of the
ocean to ancther. In some areas the solution may be-
come more concentrated by evaporation and in others
more dilute by the addition of river water, or rain or
snow, or the melting of bodies of ice. And these differ-
ences aretraceable in the deeper layers where, for various
reasons, massss of water move away from one part of the
ocean into another or sink beneath other mases that lie
above them. For any or all of these reasons certain ssBs
are more salty than others. The North Atlantic has an
average salinity of 35 parts per thousand (°/00) but the
Red Sea, where evaporation is intense, is more con-
centrated and has a salinity of 40-41 per thousand. The
water of the Baltic, on the other hand, is very dilute
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owing to the melting of ice and the inflow of many large
rivers so that its water is aimost brackish with a salinity
of only about 7 per thousand. In the Atlantic and
Pacific Oceans during the northern summer the
surface water is more salty in regions where evaporation
isgreatest and lessso in regionswher edilution by snow-
fall or rainfall is greatest. The areas of highest salinity
correspond roughly with the areas of high atmospheric
pressure—the permanent sub-tropical anti-cyclones.
Here are clear sies and light winds throughout the year
so that active evaporation is always going on. Towards
these parts of the ocean blow the strong and constant NE.
and SE. Trade Winds. These too cause evaporation and
st up currents which carry the water into the high
pressure areas. On the western sdes of the oceans this
saline water is swept away into high latitudes by the great
permanent flows such as the Gulf Stream and the Brazil
Current in the Atlantic and the Kuroswo and East
Australian Currents in the Pacific (Plate 1 1). Between
the two sub-tropical areas where the salinity is high
is a narrow belt in the tropics where it is low.This
is the region of the Doldrums, a cloudy zone of fre-
quent showers in which dilution of the surface water
takes place. Round the Podles there is a belt of low
salinity which is due to the melting of vast fields of ice.
In the North Atlantic the Gulf Stream carries warm
salty water far to the north around the British Ides
nearly to Spitzbergen (Plate 11) and off the coagts of
Newfoundland and Nova Scotia thereis a sharp contrast
between this water and that which meets it from the
Davis Strait diluted by melting ice and snow.

The currents which flow from one ocean region to
another are parts of the general circulation of the
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hydrosphere which, because of the rotation of the earth,
has an eddy form like that of the other non-rigid envelope,
the atmosphere.

A particle which is quite free to move over the surface
of the spinning globe is deflected towards the right in the
northern hemisphere and towards the left in the southern
hemisphere. For this reason water or air moving from
the Equator polewards in the northern hemisphere takes
a north-easterly direction and in the southern hemisphere
a south-easterly direction. Two processss go on together
in the tropics—heating of the sea water, which makes it
lessdense, and evapor ation, which makes it more saline
and so more dense. But the former effect wins so that
the surface water tends to stream away towards the Poles
while colder water rises up from below to take its place.
In cold temperate and polar sas again, two proceses
go on sde by sde. The water cools and ice forms,
leaving the salts behind—for sea ice is almogt fresh—and
this tends to make the water more dense. But water
vapour evaporated in the tropicsfallsas rain or snow and
great icebergs from the land drift out to sea, effects
which tend to make the water less dense. But the cooling
process wins and 0, in the Antarctic and, to a lesser
degree, in the Arctic, cold water snks and creeps to-
wards the equator along the bottom. The NE. and SE.
Trades, blowing strong and constantly across leagues of
ocean, help the great current eddies north and south of
the Equator. They give the surface water, which tends
to flow north and south from the tropics, a westward
direction. Thus the westward flowing North and South
Equatorial Currents (Plate 11) are formed with an
easterly counter current between them. In the Atlantic
thenorthern one pilesup in the Gulf of Mexico and poun
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out as that great river in the ocean, the Gulf Stream,
flowing at the rate of five knots through the Florida
Strait and carrying the blessing of warm water to the
northern coasts of Europe (Plate 111). The southern
Equatorial meets the coast of Brazil and turns south. In
the Pecific the Kurosiwo, flowing from Japan towards
California, isthe counterpart of the Gulf Stream, though
on a much smaller scale, while the East Australian Cur-
rent is the counterpart of the Brazilian. In the Indian
Ocean the South Equatorial Current turns south along
the coast of Africaasthewarm Agulhas Stream, but over
the north Indian Ocean the currents change from NE. to
SW. with the monsoons. Over the Southern Ocean the
west winds sweep unhindered round the globe and push
the surface water before them as the slow but massive
West Wind Drift—agreat movement of surface water east
and north over ailmost the whole extent of the southern
temperate latitudes. Where the southern continents
project into it the West Wind Drift sends branches north
along their western coasts. Close to the Antarctic
continent easterly winds prevail and push before them a
westward current, the East Wind Drift, which flows
along the coast into those great bights, the Ross and
Weddell Seas, where it turns clockwise out into the open
ocean.

A ship moving southwards along any meridian does
not pass by slow degrees from the sunshine to the bleak
grey, skies of the Southern Ocean. In about 50° S.
latitude there is a sudden change. The sun vanishes and
the sky takes on a sullen and cheerless grey. If you take
the temperature of the sea with a bucket and thermo-
meter just before and just after this change you find that
it marks a sudden drop of between 2° and 5° C. Thereis
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FiG. 2. The Southern Ocean showing convergences.

in fact a boundary line around the Southern Ocean in
about this latitude which is of the greatest importance to
all marinelife. Itisas effectivein dividing the popula-
tions on the two sides of it as a mountain range on land.
Even the birds on either side of the line are different.
This boundary is called the ‘'antarctic convergence'
(Fig. 2) and it marks the line where dilute but cold, and
c
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therefore dense, water of the West Wind Drift meets with
the more saline but warm and therefore lighter water of
the sub-antarctic zone. Farther north again in about 40°
S. latitude another similar but much less well developed
boundary marks the line where warm sub-antarctic
water meets the still warmer sub-tropical.

In the southern hemisphere the circulation of the ocean
has a grand and planetary simplicity. There are few
obstructing land mases except where South America
projects to within 600 miles of the Antarctic Continent.
The West Wind Drift, sweeping round the world under
the influence of 'the brave west winds, forms a layer of
cold surface water 300-800 feet in depth moving north
and east. At the convergence (Fig. 2) this layer snks
and flows north beneath the warmer and lighter surface
water of the sub-antarctic. Below the surface layer of
the West Wind Drift is another moving south and east.
This is water which has sunk down from the North
Atlantic spreading out dowly towards the south. Along
the bottom of the Southern Ocean very cold and dense
water, cooled in the far south, cregps dowly along the
bottom north and eadt, reaching at last the northern
hemisphere where it can still be traced. The simple plan
of circulation in the south, then, isthat water flows north
from the Poles at thesurface and at the bottom, but there
is an intermediate layer between thee two of water
flowing south from the Equator, sinking towards the
Pole.

In the north the circulation is very much more com-
plicated. There are land masss which obsruct and
deflect the flow of currents and ridges that cut off the
water at the bottom of neighbouring ses from the main
ocean. There are s like the Mediterranean and Red
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Sea which pour into the ocean dense saline water which
spreads out in the deeper layers. So the simplicity we
find in the south is lacking, but there are nevertheless
certain well defined boundaries between different masses
of water. In the North Atlantic there is the very pro-
nounced cold wall separating the water of the Gulf
Stream from that of the Labrador Current. Thereis
another boundary separatingthe NE. Trade Drift from
the Gulf Stream west of the Sargaso Sea. In the Pacific
there is a much less well defined cold wall between the
Kurosiwo and the cold waters of the Behring Sea.
These circulating movements of the hydrosphere are
due to the rotation of the earth, to the influence of pre-
vailing winds—themsdves an effect of the earth's
rotation—and to the great land mases that divide the
oceans. But there are other movements of the hydro-
sphere which are due to the gravitational pull of the
heavenly bodies that surround the earth in space. These
arethetides, the causes of which are well enough known
in a general way. Briefly, all the heavenly bodies exert
some attractive force on the earth, but the influence of
all except the sun and the moon is insignificant because
of their distance away. The moon, snce it is so much
nearer to the earth, exerts about twice the pull of the
sun. The moon attracts the sde of the earth nearest to
her more strongly than the centre. But the earth is a
rigid body and, though there are movements of the
earth's crust in reponse to this pull, yet they are so small
that they can only be detected by special instruments.
The envelope of the hydrosphere, however, is not rigid
and becomes heaped up in the direction of the moon's
pull. On the sde of the earth away from the moon the
aurface of the globe is attracted less than the centre and
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the hydrosphere less than either so that the water be-
comes heaped up here also. When the earth, sun and
moon are in line or syzygy, which happens once a fort-
night, their combined pull produces the largest move-
ment of the water, the spring tides. When the three
bodies are at right angles (quadrature) we get the small-
est movement, the neap tides. This too happens once a
fortnight. The earth rotates on its axis once in twenty-
four hours and each meridian in turn comes opposite
the moon, so that in each rotation of twenty-four hours
there are two high and two low tides with roughly six
hours between a high tide and the next low. According
to the old tidal theory, held for many years, there sweeps
round the Southern Ocean as the earth rotates a pair of
tidal waves. One of them is opposite but following
slightly behind the moon and the other diametrically
opposed to it on the surface of the globe. The three
major oceans could be looked upon as bays leading of f
the Southern Ocean into which offshoots of these tidal
waves pass northwards. But this theory is no longer
held. In different parts of each ocean, it is now believed,
the tides oscillate about tideless nodal areas rather as
the water in a dish, tilted and swirled round a little,
sinks on one side and rises on the other, rocking about
acentral portion where there is neither rise nor fall.

Finally, we must mention the waves caused by the
action of the wind on the surface of the sea—the most
familiar and at times the most spectacular of all the
movements of the hydrosphere. A wave is an oscillation
of the water particles at the surface but the water itself
is not involved in the forward movement which we
perceive when we watch the wave. A cork floating on a
pond in which thereis. no current bobs up and down
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upon the waves but, unless it is pushed along by the
wind itself, it changesits position only very slowly. Each
water particle describes a circle as the wave passs it,
advancing slightly on the crest and then returning in the
trough almost though not quite to its original position,
so that there is a very slight forward motion. Just how
this oscillation starts from a smooth surface with alight
wind travelling parallel to it is still not certainly known
but, once formed, the wave grows by pressure of the
wind against its windward slope. It grows swiftly at
first and then more slowly. When the height of the wave
has reached about one-seventh of its length from trough
to trough the crest becomes a ridge and curls over so
that a short wave soon breaks, but the longer a wave
is the higher it can grow before breaking. When awave
runs into shallow water its base becomes retarded so
that the front slope steepens until finally the upper part
is a sharp ridge which curls over and breaks. When the
wind drops or when the waves run out of the storm area
they become rounder and more regular. They change,
in fact, from waves to swell. They may travel as swell
enormous distances and storms off the coast of New-
foundland have been followed by swells off the coast of
France heavy enough to cause damage to harbour works.
The famous rollers of Ascension and St. Helena have
caused great damage even though they have travelled
three or four thousand miles. Swells in the open ocean
athousand feet in length and thirty or forty feet in height,
are common whilethe longest swell actually recorded is
3,700 feet from crest to crest. In the North Atlantic
during the recent war naval ships have estimated the
height of waves at over fifty feet. Ingenious instruments
for measuring the length and height of waves have been
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developed during thewar when the prediction and fore-
casting of swells on beaches became important for land-
ing operations. One of these instruments is a sendtive
pressure recorder on the sea bottom which regisers the
dight changes in the hydrostatic pressure as the waves
pass over it. Another is an echo-sounding recorder on
thebottom which recordsthe echo profiles of the surface.



CHAPTER I
LIFE IN THE SEA

Protoplasm—Difference between animalsand plants

—The beginnings of life—The sea as a mediumfor

life—The body fluids—Nutrient salts in the sea—

Transparency—Sea water as a buffer solution—

Oxygen content—Uniformity of temperature and
density.

THE SEA is arealm of life even more populous than the
dry land. Not only the seashore and the banks which
are the home of many sorts of fish but the open ocean
also, many hundreds of miles from land, supports a plant
and animal population of the greatest diversity and
complexity.

The basis of all living bodies, including our own, is
protoplasm—the physical basis of life as Huxley named
it. Very little is known about the physical and chemical
properties of protoplasm since it can only be studied
when it is dead and it is then no longer the same sub-
stance as it was when alive, but one of its unique pro-
perties is its power of obtaining certain elements—car-
bon, hydrogen, nitrogen, oxygen, phosphorus, sulphur
and iron—from the world around itself and of building
them up into large protein molecules. It aso builds up
carbon, hydrogen and nitrogen into carbohydrates. It is
this property which we imply, among others, when we
speak of anything being alive. The difference between
plants and animals lies in the manner in which this build-
ing up process takes place. Plants draw up the necessary
sdts in solution in water by means of their roots for the
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formation of the proteins within their cells. But they
have developed the power of forming carbohydrates
from carbon dioxide and water, using the carbon dioxide
of the air or water which surrounds them. This they fix
by means of the green substance, chlorophyll, in their
leaves. It acts as a catalyst, absorbing energy from the
sunlight to activate the water and C0,. This process,
which is common to all green plants both in the sea and
on the land, is called photosynthesis. It follows, then,
that plants continually absorb and use up C0O, and, as
a product of the chemical reactions which take place in
photosynthesis, they give up oxygen. But, like all other
living things, they carry on the parallel process of
respiration, using up oxygen and giving out CO, and
water.

Animals, unlike plants, can only obtain their proteins
and carbohydrates from the bodies of other animals or
plants. They can neither take in food in solution nor
synthesize it with the aid of sunlight. Accordingly they
must take in solid organic food and then, inside their
own bodies, change it chemically into the necessary
proteins and carbohydrates.

There is no direct evidence as to how or where life
first began on earth. The very earliest fossils, those of the
oldest Cambrian deposits laid down perhaps 500 million
years ago, are the remains of animals already high
enough in the evolutionary scale to have had external
skeletons and shells. The soft parts decay away and leave
no trace so that only such faint signs as worm casts or
traces of burrows remain to tell us what soft bodied
animals peopled the ses at that time. We can only guess
what these were like by analogy and deduction from the
living things around usto-day.
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The sa is s0 excellently suited to the development
and maintenance of lifethat it isnatural tolook upon the
shallow coagtal ses as its birthplace and cradle. The sea
has probably always been much the same both chemic-
ally and physically as it is to-day and we must believe
that somewhere in it, somehow, under the correct
conditions of temperature and sunlight, and in the
presence of the necessary elements, protein molecules
probably began to build themsdves up and went on
doing so until they developed the properties of assimila-
tion and growth that we now recognize as characteristic
of life. Naked and undifferentiated units of protoplasm
came to exis and the seas probably near the shores
where the water was rich in disolved sdlts, became
peopled with simple single-celled creatures. Here, in
the bright sunlight of these shallow waters, some of the
earliest inhabitants of our globe developed the green
pigment which enabled them to utilize sunlight to build
up carbohydrates. Others, on the other hand, added to
their own substance by the simple but effective process
of devouring that of their fellows. In this way the first
distinction between animals and plants arose.

Now the sea is an ideal medium in which the subtle
and delicate chemical processes could go on, leading up
to the beginnings of life. It is a medium, too, in which
the lowliest, most fragile and most vulnerable forms of
life can readily exist. It is populated to-day by great
numbers of simple primitive creatures with fragile
tisues, unsupported by skeletons or unprotected by
outer coverings, highly senstive to chemical and
physical changes in their environment. They could only
have developed in a dense homogeneous medium such
as the s presents. Protoplasm conggs of about 80 per
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cent, water. All animal and plant bodies, therefore,
contain about this proportion of water and must main-
tainit. If it fallstoo low the cdls dry up and we oursdves
know what digress results from even a dight lowering
of our water content which we experience as thirst.
Land living animals and plants have developed many
devices for carrying water to all parts of their bodies
and for preventing their tisues from drying up, such
as thick protective skins, fleshy tisues and elaborate
vascular sygems which carry water to all parts of the
body. On the other hand too much water is equally
undesirable for it results in engorgement of the cels and
there are almost as many devices among higher animals
and plants for getting rid of water as there are for re-
taining and distributing it—for example, the kidneys or
elaborate evaporating surfaces But in the sa there is
no danger of the tisues either drying up or becoming
engorged. In the lower forms the benign medium in
which the creature lives bathes it and supportsit in every
part and comes into dose or direct contact with the cells.
In the higher forms the cdls are bathed by the blood or
the body fluid. The cell wall is a semi-permeable mem-
brane through which water, but not the salts dissolved
in it, diffuses in or out of the cdls and so maintains an
osmotic balance between the protoplasm within and the
sa water, blood or body fluid which bathesit. It is
perhaps one of the most convincing arguments for the
dawn of life in the sea that the sats in the blood and
body fluids of all animals are roughly the same as those
in sea water and are present in approximately the same
proportions. Thisis an extremely important fact of life
in the sea for it means that the external medium and the
internal one that bathes the cdls in higher forms are at
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the same osmotic pressure. No great amount of energy
need, therefore, be spent by marine animals (except
fishes) in keeping the body fluids at the proper con-
centration.

The sa is a nutrient solution. It contains dissolved
in it, usually though by no means always in sufficient
quantities, the necessary mineral sdlts for the building
up of proteins within the bodies of plants and of low
undifferentiated forms of life. These slts are various
nitrates, nitrites and ammonium sats, which provide
the necessary nitrogen, and phosphates, which provide
the phosphorus, but they owe their existence in the sa
to that very plant and animal life which makes use of
them and therefore they are in a state of constant
circulation. They originate from the excretion and from
the death and decay of animal and plant bodies. In the
spring, which isthetime for a great outburst of plant and
animal life in the seajust as it is on land, these nutrient
slts are to a large extent used up. Later in the summer
when the plants and animals begin to die the slts are
returned to the s again. In view of this continual
circulation of salts, consumed by living things and then
later returned to the sea by their excretion and death,
one may wonder how the earliest forms of life found
sufficient nutrient substances to start the process in the
first place. A small proportion of the nutrient salts in
the sa is carried down by the rivers and comes from
solution out of the rocks. In the sa to-day this is all
used up by plant life in the river mouths and has very
little effect on the salts in the sea beyond a short distance
from the shore. But we may suppose that it was these
sts that the earliest living things were able to use

In clear tropical waters the sea is transparent to a
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depth of about 300 feet. It was this transparency which
enabled the earliest plants to make use of the sunlight
at the surface and to build up their carbohydrates by
photosynthesis. (This is of fundamental importance in
the life of the sea, for upon the plants, which are in a
sne the primary producers, the whole structure of
marine life depends. The vas multitudes of minute
animals feed on plant food and thus make use only
second hand of the salts in solution in the water. When
the divergence of plants from animals took place there
were abundant supplies of carbon dioxide readily
available for the plants to use in photosynthess. The
carbon dioxide in the sa is mostly held chemically
bound as carbonates, bicarbonates and carbonic acid.
Within the transparent surface layers the photosynthesis
of plants withdraws CO0, from the water. This leads to
the breakdown of the carbonates and bicarbonates and,
as a result, to the setting free of C 0, into the sea water
to replace what the plants use up. The €ffect of this, if
carried to excess would be to make the water more
alkaline, asindeed it doesin somerock pools or closein
shore where the growth of seaweed is heavy. Now most
animals and plants, especially the more delicate ones,
are very sendtive to such changes and are soon killed if
the water becomes too acid or too alkaline. In fresh
water aquaria minute adjustments of the acidity of the
water are necessary to keep the animals healthy. Sea
water, however, mos fortunately for all the creatures
that livein it, is extremely resistant to changes of acidity
—or of alkalinity, which is another way of saying the
same thing.' It is what is known as a buffer solution.
Large quantities of CO, can be withdrawn from it
without making it excessively alkaline and added to it
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without making it excessively acid. 1f many animals are
crowded together in a small volume of sea water their
combined respiration, giving off large quantities of CO,
into the water, can go on for a comparatively long time
before the water becomes too acid to support life.

In the surface layers within the range of daylight the
minute microscopic plant life usss up C0, and at the
same time gives off oxygen as a result of photosynthess.
The surface layers of the sea therefore contain almost as
much oxygen as the water can hold at any particular
temperature. The water is, in fact, aimost a saturated
solution as far as oxygen is concerned. Part of this is
the result of plant activity and part is dissolved from the
atmosphere and is in delicate balance with the oxygen
in the air. When life first began all the oxygen in sea
water must have come from the atmosphere alone and
we may notice in this connexion that when air is dis-
slved in sea water the dissolved mixture of gases con-
tains a higher proportion of oxygen (34 per cent.) to
nitrogen than exiss in the atmospheric mixture (21
per cent.).

The oxygen in sea .water is available for usein respira-
tion by all forms of life and is carried to all depths of the
ocean by the stirring agencies which are continually at
work—the currents bringing water from one part of the
ocean to another, the sinking of masss of water cooled
at the surface and the upwelling of cold water from
below, and the action of winds and waves in keeping the
aurface layers in a congtant state of motion. Below the
upper 300 feet the amount of daylight which penetrates
becomes rapidly less and plant life accordingly dimin-
ishes so that the amount of oxygen used up by the
respiration of animals, and of such plants as live in these
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dim levels, begins to overtake that given off in photo-
gynthess. At a certain depth, which varies greatly from
place to place according to local conditions, the oxygen
given out and that used up equal one another. This is
called the compensation point. Below it down to about
3,000 feet the amount of oxygen in the water steadily
decreases, for lessand lessis given out by plant activity,
but it is still used up by the respiration of animals. In
addition it is at these levels that the decay of myriads of
dowly sinking animal and plant bodies takes place.
Decay, like respiration, is an oxidizing or burning-up
process, in which oxygen is used up and CO, given out.
Below about 3,000 feet the soft parts of all the plants
and animals, softly settling downwards, have all been
decayed or oxidized away and only the hard skeletons
continue their journey towards the bottom. The
oxygen content of the water below 3,000 feet therefore
begins to increase again to nearly the amount that
exids at the surface. Except for alayer between 300 and
3,000 feet, then, where special conditions exigt, the sea is
fully oxygenated down to the bottom and, since it is
kept constantly mixed and stirred up, never becomes
stagnant—that is, deficient in oxygen. In some Nor-
wegian fjords, however, the water at the bottom is cut
off from the outer sea by a sill across the entrance so that
it is not constantly renewed and the oxygen content falls.
And in the Black Sea, cut off from the Mediterranean
by the shallow Bosphorus, the water at the bottom
contains almost no oxygen but quite large amounts of
poisonous hydrogen sulphide from rotting animal and
vegetable matter.

We have seen, then, that the sea is excellently suited
chemically for the beginning of those processss by which
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life probably first cameinto being and that, aslife became
established and as living things multiplied, the surround-
ing medium must have become more and more chemic-
ally suitable and sdf-renewing with respect to both
nutrient salts and available gasss But the sea is as well
suited physically as a medium for life as it is chemically.
In the first place water has a very high specific heat—in
other words, a very great deal of heat must be added to
it to raise its temperature. Indeed this is a matter of
common experience. Everyone knows that a flame takes
very much longer to raise the temperature of a glass of
water than it does to raise that of a piece of metal to a
point at which it can no longer be held in the hand.
Conversdly water can give up a great deal of heat with-
out a violent drop in temperature. Animals and plants,
epecially the delicate naked lower forms, are senstive
to changes of temperature and most of them can only
carry on successfully between rather narrow limits.
Small increases of temperature speed up the vital pro-
ceses of reproduction and growth and small decreases
dow them down, but, outsde the limits peculiar to each
sedies of animal or plant, life ceases In the sea the
changes of temperature which occur from place to place
and season to season are small compared with those that
take place on land. The height of summer and the depth
of winter never change the surface temperature of the
open sea anywhere more than io° C. (50° F.) and usually
the seasonal differenceismuch smaller. The hottest seas
in the world are the Red Sea and the Gulf of Oman
where temperatures of over 30° G. (86° F.) are common,
while the coldest s are in the Antarctic where tem-
peratures of — i*5° C. (29-3° F.) are usual in the higher
latitudes. But this is a small range compared with that
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on land where the temperature may vary from 40° below
freezing on the Antarctic continent to 150° F. (65¢5° C.)
in the deserts of central Asia and where a change of
forty or fifty degrees Fahrenheit from day to night is a
common experience. Furthermore the extremes of
temperature at sea are only met with over comparatively
small areas. Over the vast stretch of the temperate
latitudes (Plate I | ') the range of temperature at the sur-
face of the seaisfromo° C. to 15° G. (32-59° F.) and if we
include the sub-tropical latitudes the range is increased
to 25° G. (77° F.). In tropical and sub-tropical waters
the temperature falls rapidly below the surface so that
even in those tropic regions where the surface layer has a
temperature of 25° C. or over, the temperature at 1,000
feet is below i0° C. The sea, therefore, affords an
enormous area, two-thirds or 708 per cent, of the sur-
face of the globe, over which equable and stable tem-
peratures prevail and in which no shocks due to abrupt
or excessive changes of temperature can occur to upset
the delicate adjustments of the lower forms of life.
Marine animals, however complicated they may become
in response to their environment, need never adopt those
elaborate measures to protect themselves against changes
of external temperature ,which become necessary for
land animals—such as'protective coats and sweat glands.
Fragile naked eggs® can be shed into the sea and their
frail embryos and larvae can develop without the need
of any such protection. They can be carried over vast
distancesin the ocean without ever meeting with changes
of temperature conditions too drastic for their develop-
ment. Thus there is an immensity of space in the seq,
room for avast multitude, and indeed the geographic
range of most marine animals and plants is very wide.
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Most eggs and larvae have a specific gravity not very
different from that of the sea water in which they
develop. The density of the sea, which depends on the
salinity (or degree of saltness) is uniform within narrow
limits over vast stretches of the ocean. It is only when
fresh water mingles with sea water in estuaries or close
in shore that alterations in the density of the water
seriously interfere with life init. If the density decreases
too greatly, eggs and larvae can no longer remain afloat
but sink to the bottom. The difficulty can be overcome
to some extent by increasing the surface of the animal or
plant in proportion to its volume and for this reason, in
the tropics where the water is warm and less dense than
in temperate or polar regions, animals and plants with
a floating habit tend to develop long and often bizarre
filaments and processes to increase their flotation surface
in relation to their volume (Fig. 3).

We have seen, then, that the sea was the birthplace of
life where the tiny germs of protoplasm took shape and
grew in size. They split and split again to give rise to
ever more undifferentiated units. From them the entire
great tree of life arose and spread its branches through-
out the earth. ljts crowning branches are under Heaven,
so we like to persuade ourselves, for there stands man
himself, the goal perhaps to which all the aeons of slow
development have been leading. But the roots of the
tree are in the ocean and there its first sseds and faint
beginnings may still be traced. Forgotten and left
behind in the race the lowly and humble forms remain
as living witnesses, gazing upwards unenviously, we may
believe, at their more lofty cousins and descendants in
the upper branches. For, humble though these creatures
of the sea may be, they are perfectly adapted to their
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FIG. 3. (a) Larva of Sergedes a deep sa prawn (x 20
approx.); (b) Phyllosoma larva of a rock lobster (Scyllarus

(x 1} a,t;prox) (c) the dinoflagdlate Ceratium tripos (x
approx

environment. They progressed no farther for the very
reason that they were perfectly succesful where they
found themselves. They have found the answer. And

no race of animals or plants, the human race not
excluded, survives for long that cannot find it.



CHAPTER Il
THE PLANKTON

Plankton, nekton and benthos—Plant plankton—

Diatoms—Dinoflagellates— Other  plants—Macro-,

micro- and nannoplankton—The permanent plankton

— Foraminifera — Radiolaria — Copepoda —

Chaetognatha—Euphausiidae—Other  zooplankton—
The temporary plankton.

THE LIVING creatures of the sa are divided for con-
venience, according to their habits and manner of life,
into three dassess One dass perhaps the largest and
mog important owing to its fundamental position in the
economy of the sea, comprises all those vast swarms of
plants and animals which have only limited powers of
movement of their own or none at all, but yet are not
fixed to any substratum and which therefore drift more
or less helplessly at the mercy of tides and currents. This
dass iscalled the plankton (Gr. wAdwseow, wandering).
The second dass comprises all those animals, such as
whales and fish, which swim powerfully enough to be
to some degree independent of tides and currents. This
dass is called the nekton (Gr. vnerév, swimming). The
nekton naturally contains no plants since by definition
plant life has logt the power of motion and all marine
plants either drift near the surface or remain rooted to
the bottom. Thirdly, thereis the dass of animals which
creep upon the bottom or burrow into it or remain fixed
to one spot. These are called the benthos (Gr. pévis,
deep). One may, perhaps, if one wishes, include among
the benthos the seaweeds which spend their lives rooted
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totherocks, but thetermisusually applied tothe animal
life of thebottom, to thingsthat crawl or creep or burrow
or fix themsdves by some part of the body.

This is a very loose and flexible classification. It is
intended only as aframe in which to enclose our picture
of life in the sea which would be shapdess without it.
It forms a foundation upon which to build. Each of the
three arbitrary divisons contains animals from many
dasses and each dass may contain orders which belong
separately to the plankton, the nekton or the
benthos.

Upon the plankton, and upon its seasonal and regional
variations in abundance, depends the whole economy of
the sea. The vag fisheries of the coastal banks and the
whale herds of the Antarctic depend on the movements
and fluctuations of the plankton which forms the staple
food of so many different creatures, from the great
whales and the herring down to the tiny fry of the
cod and the krill which the whales devour. We must
therefore deal with the plankton first and sketch in the
rest of the picture againg this vast and profuse back-
ground.

Travellers towards these idands, a day or so out from
our shores, notice that the blue or grey waters of the
Atlantic have changed to an opaque green. Those
returning homeward behold thiswith a lift of the heart
for it isfor them, asisthe veiling of the sun in cloud, the
first familiar sgn of England—the green of her Channel.
If thetraveller could lower into that water a net or a bag
of silk—unlikely though it may be that he could do such
a thing—he would bring it up choked with thick green
dime. But had he been able to do this off the coast of
Portugal, for instance, he would have brought his net
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up fairly clean. The green dime which ssemsto fill the
Channel water looks like mud. Indeed, the Greek
explorer Pytheas, who sailed as far north as Thule (the
Shetlands) during the lifetime of Aristotle, declared that
the sea in those cold and foggy regions was muddy and
duggish. Sometimes the dime is a pale emerald green,
sometimes grass green and sometimes very dark, almost
brown. It is in fact, the living grass of the ssa—for all
the temperate ssas especially the shallow waters near
the coasts are, to use an expresson which has almost
become a cliche. the pastures of the ocean. They are
exceedingly rich in this floating green plant life—the
phytoplankton—which gives the waters of our Channel
their heartening and well-remembered hue.

Under the microscope the green substance of the plant
plankton takes on a beautiful and fantastic appearance.
A small spot of it, separated out in a drop of water, shows
a very large number of little rods or spicules or discs or
cylinders or other shapes too diverse to describe (Fig. 4).
They may be sculptured or pitted or adorned with sines
or with hairs. They may be sngle or, more usually,
grouped together in chains or bundles. Their variety
and exquidite design, minute but perfect, ssams almost
infinite. Yet all these microscopic entities belong to a
sngle plant family, the diatoms, and therefore they
have certain important features in common. Their
intricate skeetons are made of dlica (glass) and no
matter what their elaborations and ornaments, whether
they bear spines or hairs or sculpturings, yet they are
plainly made up of distinct individual units or cels,
usually arranged in chains or bundles. Each cell condgs
of alittle glass box made of two parts or valves which
fit nicely into one another and endose between them a
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unit of living protoplasm. The protoplasm is in com-
munication, through a dit in the box or through pores
in the valves, with the sea water outsde and thus can
carry on all those processes of exchange, of gases and of
sts, which are necessary for life. It contains particles
of green subgtance which carry on the activity of photo-
gynthess, characterigtic of plants, with the aid of sun-
light. The diatoms reproduce themsdves simply enough
and do so with enormousrapidity in thespring. Thecdls
divide in half—one daughter half taking the smaller
valve of the glass box and the other half taking the
larger, the lid, as it were, of the box. Each then becomes
thelid of a new cell, a new smaller valve or bottom of the
box being formed to fit it. It follows, therefore, that as
division is repeated over and over again during the
summer the cdls get smaller and smaller and this con-
tinues until they reach a certain sze which appears to
be the limit of anallness. If they divide any further,
defor mities begin to appear and the cdls begin to die off.
This is evidence of failing vigour in the population and,
in order to restore it, a rejuvenating process must take
place. Accordingly some of the cdls bulge out from
between their valves as large swollen mases each in a
flexible disengble membrane, and thee separate off
and grow new shdls. In this smple way they regain at
one bound their former dze and, apparently, their
original vigour and begin dividing again. If living
conditions become unfavourable for any reason, if the
S becomes too cold or if the nutrient salts on which the
plant lives fail, the diatom cdls round themsaves off,
each encdlosed in a thick cass, made of slica like the
valves, and snk to the bottom. These are the resting
gores which can resg months of inclement conditions
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and can withstand cold or heat or even drought. When
conditions improve they come to life again.

The diatoms are by far the mogt important and the
mogt abundant members of the plant plankton but there
are others, including some which are on the borderline
between plant and animal life. These, though of second-
ary importance in the economy of the sea, often occur in
aufficient numbers in warm and temperate waters to
change the colour of the sea.

The dinoflagellates (Fig. 4) are important because
they form thefood of some fishes such asthe pilchard and
the sardine. Like the diatoms they form the food of the
animal plankton and are sometimes present in such
numbers as to colour the water. They, too, conds of
single cells, microscopic but considerably larger than the
diatom cdls, but they do not as a rule cling together to
form chains except temporarily after reproduction
which, again, is the smple process of division. Some live
like plants and contain within them corpusdes of green,
yellow, brown or even pink pigments that carry on
photosynthesis. In this respect these dinoflagellates
resemble plants, but there are otherswhich ingest diatoms
or each other or even small animals, taking them whole
into their protoplasmic bodies. These might, for this
reason, be placed in the animal kingdom. Some, on
the other hand, are capable of both proceses and are
truly on the borderline between the plants and the
animals. The mogt characteristic feature of the dino-
flagellates, uniting them all, is the whip from which
they take their name. A long vibratile thread of pro-
toplasm lies in a meridional groove on the body and
trails behind as the creature moves through the water.
Another liesin a groove placed moreor less equatorially.
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These by their ceasdess movement lash the little cell
along.

One of the mog striking dinoflagellates is the large
singlecdled spherical creature, Noctiluca (Fig. 4J),
which causss the phogphorescence of warm seas It is
a large naked globe of protoplasm, pale pink in colour,
with a single stout tail with which it whips itself along.
It has definitely animal affinities snce it feeds by
ingesting quite large particles which it engulfs through
a funnel-like aperture in its protoplasmic body, and it
has the property of giving out a pale light. Sometimes
in warm waters it may be ssen in such numbers on the
surface, blown by the wind and waves into patches and
sreaks, that the sea has rather the appearance of
tomato soup and at night glows with a milky lumin-
escence. Pyrocystisisalarger and morebrilliant form. In
ancther group of dinoflagellates, the peridinians (Fig.
41'), the protoplasmic body is encased in an armour
of plates made of a substance resembling cdlulose. The
formation of cdlulose is a plant characteristic—it forms
the cdl wall and therefore the body framework of all
green plants. But the peridinians feed by ingesting
whole particles and so must be dassed as borderline
forms. In some (Ceratium) the skeleton is drawn out
into relatively gigantic horns and spines (Fig. 3). The
peridinians are found mostly in warmer s and it is
they which are sometimes devoured in great quantities
by the pilchard and the sardine.

In temper ate coastal waters fisher men's nets sometimes
become clogged with the gelatinous masses of a plant—
Phaeocystis. In the large bulging shapdess masss of
jelly, which float on the surface of the water, are em-
bedded innumerable microscopic greenish brown cels,
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sometimes in such numbers as to give a brown colour
to the water. They reproduce by forming spores which
exape out of the jelly by means of their two short
filaments.

The smalless members of the plant plankton are the
Goccolithophoridae (Fig. 4). They are sosmall that they
pass through the meshes of the finest silk nets, but they
too are occasionally encountered in large enough num-
bers to give the ssa a milky appearance. The minute
cdls, each with a pair of vibratile whips, are protected
by skdetons of great beauty and variety made of
rounded plates with processss projecting from them
which may take the form of rods or oines or may even
have a trumpet shape. The plates with their strange
processs were known, as coccoliths, long before the
living cdls to which they belong were discovered by
Sir John Murray. The coccoliths had been taken in
dredgings from very great depths made by H.M.S.
Challenger and Murray discovered the living cdls by
hanging fine threads of silk in glassss of sea water so that
the minute cdls became entangled in them. Although
they are so small they are sometimes important as the
food of certain animals of the plankton which feed by
straining microscopic particles out of the water by means
of a delicate filtering apparatus as do the salps which
we shall mention shortly.

Two other microscopic plants perhaps deserve notice.
Oneisthe green single cell known as Halosphaera, which
is sometimes found in very great numbers in the tropics
and in the colder ssas In the Antarctic it is occason-
ally, though not often, more abundant locally than the
diatoms. The other plant, Trkhodesmium, congds of
reddish-brown thread-like cels which cling together in
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bundles. It isseen sometimesfloatingin largered masses
in warm sms and it is from the occasonal outbursts of
this plant that the Red Sea gets its name.

All these plants, but above all the diatoms, form the
food of a great multitude of animals which make up the
animal or zooplankton. Although the plant plankton,
by swift and simple proliferation, attains a vas pro-
fuson of individual cdls, the numbers of orders and
families into which the floating plants can be grouped is
small compared with the diversity of the animal plank-
ton. So great is the range of structure and so numerous
the various orders and families to which the animals of
the plankton belong that in this small book no more can
be attempted than a brief mention of some of the more
important .and dominant of them.

Most of the animals of the plankton are very small—
many are microscopic. Nevertheless the range of sze is
enormous, for, while some are so minute that they pass
through the meshes of the finest silk nets yet, at the other
end of the scale are great jelly-fish, such as Periphylla,
taken in deep water in the Atlantic, which may be two or
three feet in diameter, or the 'Portuguese men o' war'
that sometimes drift inshore on Mediterranean coads
and make bathing dangerous. These may have floating
bladders eighteen inches in length with stinging tentacles
trailing behind them for a distance of twenty or thirty
feet. So we dassfy the zooplankton roughly according
to dze into three groups—the macroplankton, the
microplankton and the nannoplankton. The macro-
plankton includes all those animals which are readily
seen with the naked eye and which cannot pass through
the meshes of a coarse canvas net. The microplankton
conggs of animals which cannot be seen easily without
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a lens or microscope and which are held by the meshes
of the standard type of s#k bolting'cloth used for oceano-
graphical nets (p. 216). The third group, the nanno-
plankton, consgs of all the most minute forms which
pass through the meshes of a net of this type. They must
be taken with nets of even finer silk (cheesecloth) or
separated from the water by means of a centrifuge. This,
like the classification into plankton, nekton and benthos,
isacrude and arbitrary sysem. Very many orders and
families have members in both the micro- and macro-
plankton and there are, of course, many animals which
begin life as micro- or nannoplankton and grow into a
larger dass as they develop.

Most of the smaller members of the plant plankton
(many of the diatoms, the dinoflagellates and cocco-
lithophores) may be dassed among the nannoplankton.
So may such bacteria as exig in the upper layers and
the smaller Protozoa. All the rest, both plant and
animal, must be dassed as either micro- or macro-
plankton. Of thee two groups the former is by far
the larger. The large plankton animals are compara-
tively few and there are no plants that fall within the
macr oplankton.

Many plankton animals spend all their lives drifting
between the surface and the bottom either inshore or far
out in the open ocean hundreds of miles from land. They
never have any relation to a substratum at any stage of
their life history from the egg to the adult. They form,
therefore, a permanent floating population, quite
independent of the land or of the ocean bottom. But
inshore a very large part of the animal plankton consss
of the young gages of creatures which spend their adult
lives crawling over, or burrowing into, or fixed to the
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bottom and which therefore belong properly to the
benthos. There are also the hepless drifting fry of fish
which belong to the nekton. These we may call the
temporary plankton since eventually they will settle on
the bottom or change into actively swimming fish or
dse perish.

We must deal with the permanent plankton first and
of these, so that we may begin with the lowliest forms, we
must first take the microscopic single-celled creatures
belonging to the great group of the Protozoa. In spite
of their humble position at the bottom of the evolution-
ary ladder and the fact that their bodies are made of
only a dngle cell, many of the planktonic Protozoa are
extremely complicated in structure and of very great
beauty. Many are microscopic but some arejust large
enough to be seen with a hand lens. It is only under the
microscope, however, that their true beauty and fantastic
form can be seen. The mog important orders of Pro-
tozoa in the plankton are the Foraminifera and the
Radiolaria, both of which are most abundant in war mer
sBs though there are many which live in temperate
waters.

The Foraminifera (Fig. 5)—the hole-bearers as their
name implies—are enclosed in skeletons, usually of lime,
divided into separate communicating chambers and
built on some sort of spiral plan. The outside of the
skeleton or shell is pierced by innumerable fine holes
through which radiating filaments of protoplasm stream
out into the surrounding sea water. Sometimes there
are tiff radiating spines, part of the skeletal structure,
which support a protoplasmic foam around the central
shell within. Food particles become entangled among
the threads and ingested by the coalescence of several



FIG.5. Foramiaifera: (a) Hast ennamurra{ éone of the
Globlgerlnas) (x 20approx.) Radiolaria: (x 100 approx.)
(b) Heliosphaera, () Eucyrtidium.
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neighbouring threads around them to form alittle island
of engulfing protoplasm at thejunction.

The Radiolaria (Fig. 5) have skeletons of glass (silica)
like those of the diatoms but of even more intricate
design. The skeleton may be a basket-work sphere or
several such spheres, one inside the other like a Chinese
ivory ball, or it may be alittle urn or a vase fashioned
from an exquisitely delicate basket work of silica. Many
have radiating spines while others have only the spines
but no other skeleton at all. All, however, have fine
radiating protoplasmic threads which entrap food
particles like those of the Foraminifera.

The significance of these fantastic creatures, apart
from their astonishing beauty, lies in the fact that
thousands of square miles of the ocean bottom consists
largely of their accumulated skeletal remains. One of
the Foraminifera, the genus Globigerina, with its little
many-chambered shell, forms by far the largest pro-
portion of the calcareous ooze covering large patches of
the bottom of the Atlantic Ocean. Many of the sedi-
mentary rocks, notably the chalk, are made of the fossl
remains of Foraminifera and are classified according to
the species they contain.

But these minute forms and many others taken with
them by the finest silk nets can only be seen if the
plankton sample is examined closely in small fractions
at a time under the microscope. If a silk net is towed
through the water of, say, the English Channel for a
quarter of an hour the catch, which collects in the metal
bucket at the bottom of the net, looks to the naked eye
like a multitude of little rods and seeds. They appear at
first sight more vegetable than animal. If emptied into
aglass vessdl they can be seenjerking and hovering in the



ARSI IR TR I

water with little darting

random. If you darken the room and stir the plankton
inthejar with a pencil a shower of pale bluish sparks will
flash for an instant in the water, for very many of these
creatures have the power of giving out light from various
parts of the body when stimulated. Much of the glitter
and sparkle of the sea foam at night is due to their
presence. If you pour a little formalin into the water
they become furiously agitated, dart in all directions,
giving forth their diminutivefiresand, in a few seconds,
become motionless and sink to the bottom of the jar
growing slowly opaque.

It can be seen now that the catch consists for the most
part of certain kinds of animals which dominate all the
others in the micro- and macroplankton. Some 70 per
cent, of the sample will be made up of creatures which
at first sight look like hay-seeds or grains of wheat. Now
that they are still they can be seen to be very small
Crustacea with arounded or oval fore part and ajointed
hinder part. They have a pair of long antennae and four
or five pairs of blade-like legs beneath the oval fore part
of the body. Each pair of legs isjoined across the base
so that the two limbs beat backwards together like a pair
of oars and because of this they are known as the oar-
footed Crustacea—the Copepoda. With their oar-like legs
and their long antennae they row themselves in spas-
modic jerks through the water.

The copepods (Fig. 6a) form one of the dominant
and most numerous groups in the animal plankton. A
single haul of a quarter of an hour in the Channel
during the early summer may bring up as many as a
quarter of amillion copepods of various sizes, enough to
fill a couple of two-pound jars. Their range of sizeis very

£
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great for some are microscopic when fully grown while
many are the size of large wheat grains and others are
larger still, three or four millimetres in length. The
larger forms, especially in the tropics, are strikingly
beautiful with long red or bronze fringes on their
antennae or glittering metallic colours {Sapphirina).
Round the coast of Europe one of the most important
copepodsis the Calanus (Calarms finmar chictis), sometimes
known as *brit;It is the food of the herring and of
certain whales and forms dense shods in northern in-
shore waters of f the coast of the British Idesand Norway.
The herring or the whales swim through these shoas
engulfing the copepods in thousands and as many as
6,000 Calanus may be found in each herring. It has
been found that the herring catches are always largest
where the swarms of Calanus are thickest. The cope-
pods, since they make up so large a proportion of the
plankton, form the food of many of the larger animals of
the plankton and of many plankton-feeding sea birds.
Petrels.such as the wandering albatross or the stormy
petrel, which feed on plankton in the open ocean, carry
in their crops a pulpy mess which consists, inevitably,
largely of copepods.

The copepods, however, occupy an important position
in the plankton quite distinct from the part they play in
the diet of fish, whales and birds. They themselves feed
mainly on diatoms and nannoplankton. And since they
occur in vast numbers and are extraordinarily voracious
they are the chief grazers upon the ocean meadows. It
has been calculated that a single copepod ests half its
own weight of diatoms in a day. One can scarcely
imagine a horse or a cow that ate half its own weight of
grass or hay every day.
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Besides the seed-like copepods in our sample o
plankton there are sure to be a great many eongated
transparent creatures rather like threads or rods. Some
may resemble hairs not much more than three or four
millimetres in length but others may be several inches
long and have the diameter of a pencil. These are the
arrow worms (Chaetognatha) (Fig. 66). Their name
means 'spiny jaws and on doser examination it can be
s that each thread has a knob at one end which is
the head. This is armed with rows of sckle-shaped
ines arranged around a mouth with several horny teeth.
A pair of stabilizing fins and an aileron tail give these
creatures—they are not really worms at all—an exceed-
ingly formidable appearance and a shape most excel-
lently suited for the swift pursuit of prey—a minute
submarine torpedo with grappling hooks. It is chiefly
the savage voracity of thee tiny marauders of the open
ocean that gives to the arrow worms their importance
as members of the animal plankton. They occur in
swarms which are often only dlightly smaller than those
of the copepods and they feed mainly on other animals
in the plankton, chiefly the smaller copepods, which they
size and devour with their powerful jaws and spines.
It is not unusual to find an arrow worm with a copepod
in its stomach almost as large as its own head. The
arrow worms, in fact, are primarily grazers on the
copepods and other plankton animals which in their
turn graze upon the diatoms.

The sample may also contain creatures like small
shrimps. They will probably be less numerous than the
copepods but are on occason more numerous than the
arrow worms. In the Southern Ocean it sometimes
happens that swarms of these creatures are found to the



FI1G. 6. Animalsof the plankton (a) Calanus (x 12 approx.},
gb Sagitta (x%2 approx.) % ;)hausasuperba xapprox

d) Parathemigto (x approx A pteropad (x /zapprox
Salpa—the se<ua| form (x 38pprox.), a—the bud-

ding form with acham of little hangln out X J approx.),

(h) Pyrosoma (x s approx.), (i) omopterls (x /2 approx.).
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exclusion of all other animals. These are the euph-
ausiids (Fig. 6c¢), which are not shrimps in spite of their
appearance, for they have forked swimming legs beneath
the fore part of the body while shrimps have single
undivided legs. Their importance in the plankton lies
in the fact that they sometimes form the sole food of
other animals, especially whales and birds. In the
Southern Ocean along the edge of the pack ice a large
euphausiid (Euphausia superba), which may be sometwo
inches long when full grown, forms dense shoas which
can be seen drifting like reddish clouds in the water.
This is the krill, which forms the exclusive diet of the
great commercial whales of the Antarctic. During the
southern summer the whales browse on these shoas of
krill, engulfing them in millions in their capacious
mouths and filtering them from the water with the horny
whalebone plates that hang down from the upper jaw.
Penguins in the Antarctic also feed on krill and so—
contrary to what one might suppose—do the so-called
crab-eater sedls. Most of the euphausiids in northern
waters are very much smaller than the krill but one of
them (Nyctiphanes) driftsin shoals of f the coast of Norway,
where it is the northern counterpart of the southern
krill and sometimes forms the food of whales. All the
euphausiids have beautifully developed light organs,
each with its own lens and reflector, in various parts of
the body and much of the sparkle and glitter of the
plankton is due to them.

A plankton sample taken in the North or South
Atlantic will be sure to contain at least some and very
often immense numbers of a brownish spidery crustacean
belonging to the same order as the sand-hoppers, with
a big head and a laterally compressed jointed body
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(Parathemisto—Fig. 6d). It has one pair of legs bent into
an elbow and very much longer than the others and a
widely splayed fan-shaped tail. This creature, of the
sand-fleaor sand-hopper order (Amphipoda), isextremely
abundant in temperate ss and, around South Georgia
in the South Atlantic, it often forms dense shoals. Like
the arrow worms these are most rapacious beasts and
feed on other members of the plankton. Perhaps we
should mention too another member of the sand-hopper
family, commoninall the seas of theworld though never
forming shoals, the strange Phronima, which makes a
house out of the dead cellulose cases of planktonic sea
squirts, the salps, which we shall notice presently. In
these transparent glassy barrels the little crustacean is
carried about the ocean free of charge, asit were, without
any effort at all.

Al these animals, and others beside them which we
have not space to mention, belong to the micro- and
macroplankton and are caught in large numbers in
almost any haul with fine silk or with canvas nets in
temperate waters. Sometimes one group or other forms
dense shoas which almost exclude the presence of any
other group. Al plankton animals of whatever size have
a tendency to form shoals. The reasons for this arc
probably purely mechanical. In the open sea animals
which have been spawned together tend to remain
drifting together and the action of wind and waves
tends to collect them into droves, very much, perhaps,
asice floes become collected into droves upon the surface.
It therefore sometimes happens that in one place the net
may bring up thousands of one particular animal—
possibly to the exclusion of all else—while a few miles
farther on not one may be taken. M any of these shoaling
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animals, the copepods and the krill, form the staple diet
of whales or fish or birds and all of them are grazers
upon the diatom crops or on the macroplankton or on
both. Therefore these creatures occupy an important
intermediate position in the economy of the sea—the
central links of a natural chain leading from the diatoms
up to man himself. But there is a certain number of
animals of the plankton which are very much larger
than those we have so far mentioned. These are the
larger members of the macroplankton. Firstly there are
the sa butterflies. These are molluscs (Pteropoda)
(Fig. 6e.) with a fine lime shell of paper-like delicacy,
sometimes conical or triangular and sometimes curled
in a tight spiral like a snail. They may be not much
larger than fine shot or the shell may form a frail and
delicate pyramid an inch from base to apex. The mantle
edge is produced into wings with which the creature flaps
through the water, as the name implies, like a butterfly.
They are common in all temperate sses and form the
food of fish but are apt to occur suddenly and quite
locally in millions and in certain isolated patches of the
North and South Atlantic the bottom consists of ooze
made of their remains.

Secondly, there are the sea squirts. Sometimes for
days together the sea will be found to be populated by
little dse but these of one kind or another. The common-
est are the salps, which (Fig. 6fand g) look like shapeless
lumps of jelly with a soft knob the size of a small cherry
embedded in one end of each. The bag of jelly consists of
a cellulose case containing a sac with walls built on the
pattern of a sieve. Water flows into the sac through an
aperture at one end of the case, through the sieve-like
walls of the sac and out through another aperture at the
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sde of the case. The deve strains out food particles
(diatoms, coccolithophores, & c.) which are carried to
a central groove by fine hairs (cilia) and backwards
along the grooveto the creature's viscera, theround hard
object like a cherry at the base of the gelatinous case.
The squirts have hardly any power of movement at all,
except such as may be imparted to them by the con-
tinuous gentle flow of water through them. They simply
drift heplesdy, often in gigantic numbers, and one
encounters them suddenly for no apparent reason,
millions upon millions of inert lumps of jelly which clog
and even break by their passve weight any but the
heaviet and largest nets. The sps reproduce in the
summer at a very great speed by means of what is known
as alternation of generations. This involves a sexual
generation producing eggs from which hatch individuals
that reproduce asexually by budding or perhaps by
fission. This is a common manner of reproduction in
many invertebrate animals but is quite unknown among
the vertebrates. It isfound among the lower forms, such
asthe Protozoa, developed to an extreme of complication
and refinement, as it is also among the parasitic flat-
worms. Among insects it is found among the aphids
(greenfly). In the sea we s it in the jelly-fish and
goonges as well as in the salps It may be looked upon
really as a way of gaining quick reproduction and dis-
persal while conditions for growth are good, while food
or light or air are abundant. It is a time saving device
but it is like a high income tax—it cannot go on forever.
It is an expensive process and in the end a reckoning
comes as a weakening or degeneration of the sock. Then
the sexual process must take place in order to restore the
spent vigour of the race. Among the salps the individual
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that develops from the egg buds off hundreds of
daughter salps from a process of its own body, the stolon
(Fig. 6g). These individuals produce the eggs which are
fertilized in the water and grow into further solon
budding individuals. In this way the shoals very quickly
multiply and extend for hundreds of miles.

Another kind of squirt which is often met with drift-
ing in countless numbers in the sea, clogging nets and
hampering gear, is the fire body or Pyrosoma (Fig. 6h).
If you gaze down at night over the sde of the ship you
may often s= beneath the surface large luminous bodies
which do not twinkle and flash but make a steady glow.
Many of these are caused by Pyrosoma, large colonies of
small salps. Each colony is shaped like a long gelatinous
dunce's cap, some when quite young no bigger than a
thimble, but others of all 9zes up to a length of three or
four feet. When old they tend to become flattened and
some indeed are always strap-like and slimy, covering
nets and other animals with which they come into
contact with an exudation like a sticky saliva. Other
Pyrosoma colonies, again are long and ropy. Each of
these colonies has an opening at one end leading into a
cavity inside the hollow tube around which thousands of
miniature salps are arranged, embedded in a foundation
of jelly. Their mouths point outwards all around the
exterior of the colony and each has its own sieve-like sac,
the exit of which leads into the central cavity of the tube.
The water is therefore drawn into the colony through
the walls of the tube by the individuals which compose
it and driven out through the communal opening. The
colonies have perhaps a very dight power of movement
caused by the stream of water they expel through their
mouths but in the main they, too, drift helplesdy. They
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are remarkable for the brilliant phosphoresence they give
out as each minute salp in the colony lights up in-
dependently on being stimulated until the whole
gelatinous cone seems to glow with a dim incandescence.
If a large Pyrosoma is placed in a dish in the dark it is
possible to write one's name on its surface with the finger,
for each individual shines when touched by the finger
and continues to glow for some seconds afterwards.

Various kinds of jelly-fish, both great and small, are
abundant in all the ses of the world. Though they are
often present in countless thousands in the water quite
locally they seldom form dense compact shoals like the
sdps or the sea butterflies. Around the fjords of Iceland
large red jelly-fish {Cyanea) may be seen in myriads,
pulsing slowly through the water trailing their long
stinging tentacles. They are voracious plankton eaters
and it is perhaps for this reason that the fishermen say
that thefishingwill be poor if 'sluthers—jelly-fish—are
abundant in the spring.

Thejelly-fish show alternation of generations in their
reproduction—that is, a sexual form producing eggs and
sperm which in turn give rise to some other form which
can reproduce asexually and repeatedly. The smallest
jelly-fish in our waters are the sexual swimming bells
produced by branching colonies of polyps which live
attached to rocks or weed. The large jelly-fish like
Cyanea are sexua stages budded off from single small
polyps growing on the bottom.

We must mention, perhaps, the Ctenophora or comb-
bearers—large oval globes of jelly which swim by means
of rows of vibratile filaments arranged meridionally.
They, like the Pyrosoma, give out a brilliant phosphores-
cent glow and it is they which cause many of the large
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luminous globes and spheres which can be seen beneath
the surface from the side of the ship. Like thejelly-fish
they are voracious plankton feeders. Then there are the
'Portuguese men o' war* with their inflated swimming
bladders resting on the surface and bunches of variously
modified persons or individuals, for these are colonial
associations of polyps in which there is a strict division
of labour and some of the individuals are tactile, some
digestive, some reproductive and some, the long trailing
tentacles, offensive. Another colonial polyp is the 'By-
the-wind-sailer' which has the form of a minute raft, a
circular disc an inch or so in diameter with a small
vertical sail above which catches the wind and drives the
little boat over the surface. The individuals, clustered
beneath the raft, are, again, variously modified for the
digestive, tactile or reproductive function.

Lastly there are a few worms among the plankton
which occasionally occur locally in vast numbers. The
most common one is the exquisite, almost transparent,
Tomopteris (Fig. 6i) with its forked lateral arms like the
teeth of a double comb. It wriggles through the water
with a wavy motion. The palolo worms swarm in the
tropics, mainly around the Pacific Islands at certain
states of the moon and shed certain sections of their
bodies which bear the sex glands. But they hardly count
as members of the plankton for they spend the greater
part of their lives upon the bottom.

The animals which have been briefly described above,
and many others besides, belong to the permanent
plankton. They spend the whole of their lives, from the
egg to the adult, adrift and independent of the shore or
of any substratum. They are the perpetually floating
population of the ocean. But every year, in the spring
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and early summer, the plankton is greatly increased by
the addition of a temporary floating population. It
consists of the minute larvae and young stages of awhole
host of animals which in adult life belong to the benthos.
In addition there are the planktonic fry and young
stages of many kinds of fish.

Only in water, in a fluid and moving medium, is it
possible for animals to remain rooted to one spot like the
sea anemone or to live permanently in a tunnel like a
burrowing worm. For such a way of living entails the
loss of that primary characteristic of animal life, the
power to chase and capture food. In moving water the
animal may remain fixed and the food may be carried to
itsdoor. Y et the problem of dispersal remains. If fixed
animals repeatedly reproduced themselves in the same
spot it would not be long before there was no more room.
Creeping and burrowing animals too are faced with the
same problem—that of living space. In order to over-
come this difficulty a very large number of animals of
the benthos spend their youth among the plankton.
They may have young forms, larvae, which are utterly
unlike the grown animal and which drift free upon the
currents and tides. Many of these have some power of
swimming but as arule they are too feeble to resist the
forces that sweep them out to sea or far along the shore
or into the mouths of rivers. As an example, for there
are far too many to quote them all, we may take the
shore crab which starts life as a minute spiny larva (Fig.
/b) called the zoaea. This hatches from the egg in
shallow waters in the spring and, after passing through
several different stages, settles down upon the bottom
and changes into the adult. Again, the oyster starts life
as the spat (Fig. 70), a microscopic transparent creature
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which swarms above the oyster bed, keeping itsdf in
motion by means of a fringe of fine vibratile filaments.
The spat settle down in due course upon a hard sub-
stratum and change into oysters. The common barnacle,
that covers the rocks between the tide marks, emits
clouds of minute triangular larvae in the spring. These

FIG.7. (8 Oa/ste” oat (x 20 apé)rox) (b) Zoaea larva of

shore crab (x 2 approx (¢) Cypris larva of common

barnade (x 15 approx.),

changeinto a bivalved form which looks at first sight like
a little musd (Fig. 7c). It cements itself to a rock by one
end and turns into a barnacle, a little shrimp-like
creature in a box made of plates of lime, standing on its
head and kicking food into its mouth with itslegs The
bristleworm sarts life as a microscopic globe of jelly
called the trochophore—the ring bearer—because of
the circlet of vibratile hairs it carries round its equator.
These give it a feeble motion through the water as do
those of the oyster spat. Whilestill drifting in the upper
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layers it begins to push out a segmented tubular body
from its downward pole and presently sttles down upon
the bottom and grows into the adult worm—sloughing
from its head the remains of the trochophore and its
ring. Asalast example, though a chapter could befilled
with them, we may take the sedentary bottle squirt.
Thisis a cousin of the floating salps of the plankton and
resembles a bottle with two necks, sucking water in at
one and blowing it out at the other. It darts life as a
tadpole with a gelatinous stiffening rod along its back
which is looked upon as the forerunner of the backbone
of the vertebrates. When the tadpole settles down it
becomes fixed to the substratum by its chin, losss the
stiffening rod and turnsinto the bottle which spends the
rest of itslife siphoning water through its body and bears
no resemblance to a vertebrate animal at all.

These are only a few examples of the many animals of
the benthos which bring about the necessary spread of
their spedies by living free in the upper layers during the
early part of their lives. Added to them there are most
of the food fishes which live upon the banks and are
classed as nekton—the cod, the ling, the haddock, the
whiting, the plaice and sole—as well as the shoal fishes—
the herring and the mackerel. All these have young
fry which drift helplesdy among the plankton and so
achieve dispersal.

But a planktonic youth is not the only means of dis-
persal which animals can adopt. Thereisthe method of
alternating generations which we saw in the salps and
the jelly-fish. This is a quick way of dispersing the
species while conditions are favourable but it reduces
the vigour of the race and must in due course be supple-
mented by the sexual process.
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Now life in the sea is full of hazards and it follows that
such methods of dispersal are exceedingly wasteful. The
young forms and larvae drift out to seain millions and
come to nothing because they fail to find any substratum
to settle on when they reach the appropriate stage in
their growth. More millions are devoured by hosts of
other animals. Others are washed ashore and dried up
and who knows what other accidents may befall helpless
delicate drifting creatures in the wide ocean? It follows
then that only avery small proportion indeed of the eggs
that are spawned will hatch into young forms or larvae
and of those only a very small fraction has any chance of
eventually becoming a grown animal. Yet when one
beholds the incredible multitude of barnacles or mussels
upon the rocks, or lugworms in the sand, and considers
that each is the fortunate survivor among thousands that
have perished, one realizes dimly the immense fecundity
of animals in the sea—especialy the benthos animals and
the many fish which leave their eggs and young fry to
the chances and perils of the open sea The edible
oyster produces 1,800,000 eggs at a spawning—but only
a small fraction of the vast cloud of spat can settle down
and become oysters. Not only have they many natural
enemies but they must find exactly the right kind of
substratum, clean and hard, to settle on. Mud or sand
or stones overgrown with weed will not do. |f they do
not find the right substratum at the critical time of their
lives when they are ready to settle they die. The common
sea-dug (Doris tuberculata) lays a spiral coil, of jelly in
which six or seven hundred thousand eggs may be
embedded. Among the fish the cod sheds between four
and six million eggs at a spawning. If all were hatched
and grew into full grown fish, in a few years all the sea
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of the world would be packed with codfish like sardines
in atin. One may take it that the number of eggs laid
by a marine animal is a measure of the hazards the
creature has to meet and survive in order to become an
adult rather than a measure of the abundance of the
Species.

The vast majority of the animals of the benthos and
of thefisheslivein shallow water, mainly on the contin-
ental shelf. This is because the inshore waters are the
richest in the plant life on which the young forms feed
and because no suitable substratum is available in the
open ocean. The temporary plankton is therefore found
mainly inshore, though not entirely since certain larvae,
like the Phyllosoma larva of the rock lobster [Scyllarus)
(Fig. 3) and the Leptocephalus larva of the eel, are
found habitually in the open ocean. Many hundreds of
creatures which belong to the temporary plankton are
bound, of course, to be swept out to sea but these will
perish. All around our shores, therefore, a vast cloud of
minute and hopeful young life rises into the luminous
waters every spring, adding itself to the permanent
floating population whose home is the vast ocean.
During the summer these young forms die in millions
but a small fraction grows to maturity, enough to people
with abundant life our crowded shores and sandbanks.



CHAPTER 1V
THE OPEN OCEAN

Diatoms as primary producers—Biological chains in
the sea—The fertility of the sea—The seasonal
cycle of the plankton—The thermocline—Distribu-
tion of the plankton—Form and colour in the tropics
—Influence of temperature on distribution—The
neritic zone—Plankton and water masses—Diurnal
vertical migration—Seasonal vertical migration—
Bipolarity—General life history of plankton animals.

THE DIATOMS are the foundation upon which, ulti-
mately, the whole structure of ocean economy rests. In
the same way the well-being of our human society rests
basically upon the green vegetation which clothes the
earth and is the food of the animals whose meat we eat.
The diatoms form by far the largest proportion of the
plant plankton, the grasslands of the ocean, upon which
the animals of the plankton feed. In addition to the
diatoms we must include among the primary producers
of the sea a multitudinous secondary plant life some of
which, the dinoflagellates and Coccolithophoridae, we
have already briefly described. The animal plankton
grazes ceaselessly upon this profuse vegetable life, for all
the smaller animals of both the permanent and tempor-
ary plankton feed mainly, sometimes entirely, upon
diatoms and other forms of microscopic plants. The
larger plankton animals feed voraciously upon the
smaller and so, upon this green foundation, are built up
the many biological chains of mutually dependent
creatures—delicately balanced and minutely adjusted
F
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in the sea as upon the land. At the head of many such
chains stands mankind whose harvest of fish and whales
from the ocean is dependent on the complicated relation-
ships of many forms of life and of many physical factors.
In the Southern Ocean the whales feed on the krill,
Euphausia superba. The krill in turn feed on the great
diatom crop which bursts into green life in those waters
in the spring. But the diatoms themselves are grazed
upon by the teeming animal plankton—the copepods,
the arrow worms, the salps, the other euphausiids and
very many other small creatures. These are, in turn,
the food of a host of sea birds, larger plankton animals
and fish. Again, onthe northern fishing banks the worms
and molluscs, on which the cod and haddock feed, start
life as larvae, members of the temporary plankton,
which are dependent on the spring diatom crop. They
in turn are eaten by the larger plankton animals, arrow
worms and jelly-fish—the sluthers—which by their
abundance do serious damage indirectly to the fishing
grounds. The young fish fry themselves are feeders on
the diatom crop, on the microplankton, including the
very larvae of the molluscs and worms which will later
be their food. But the fry, again, are at the mercy of the
larger plankton animals and of the birds. Thus all the
inhabitants of the ocean are interdependent and inter-
related and at the top of the whole complicated structure
stands man himself whose highly mechanized fisheries
often upset the delicate balances on which their harvest
depends. Sometimes the well-meaning efforts of man to
assgt and nurse nature in one direction react upon himin
another, for the organization of life and of living com-
munities is like a tuned engine and cannot be interfered
with except at a risk of throwing it out of adjustment.
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When Holy Island, for instance, off the coast of North-
umberland, was made a sanctuary for sea birds, the birds
increased in numbers so that the whelks and cockles and
other molluscs on the shore were devoured in such
quantities that the plaice and other flat-fish, which also
fed on them, were unable to find enough food and the
inshore flat-fishing declined. Brave and hardy people
on the north-east coast of England suffered accordingly.
Among the plankton, however, these natural balances
are less easily upst by artificial agencies. Y et the supply
of animal and vegetable food in the sea is not inexhaust-
ible for natural causes st limitsto its abundance.

The spring is the time for an outburst of lifein the sea
as profuse and triumphant as that which takes place on
land. It is heralded in the late winter months by the
proliferation of the diatom crop.

Since the diatoms are plants they must have sunlight
for their exisence. They flourish, therefore, only in the
upper layers of the water, in approximately the upper
250 feet. This is called the euphotic zone. It is the
surface layer of water which, in clear tropic seas is well
lit by the sun. Below about 250 feet the sunlight pene-
trates less and less and the production of plant life
steadily diminishes until, at about 600 feet, there is not
enough light to support it. Thence down to the bottom
there is total darkness and no plant life can exist. In
temperate northern and southern sees as the sunlight
grengthens and returns after thelong winter, thediatoms
and other plants begin to increase and the crop rapidly
becomes exceedingly rich. Each one of the countless dia-
tom cdls divides once every thirty-six hours. In the South
Atlantic in the early summer there may in quite a short
timebeasmany asaquarter of amillion celstoalitreof
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water, and dlk nets, towed through this proliferating
green soup, soon become choked or even split with the
weight of the plant life they bring up. It has been calcu-
lated that in a normal year the annual yield of vegetable
matter in the English Channel is5Y, tons per acre of
water, assuming a uniform depth of 38 fathoms. With
thiswe may comparethe averageyield of hay in England
which is 30 cwt. per acre, while an exceptionally
good year with two crops yields three to four tons per
acre.

Innorthernwatersaround the British Idesthediatoms
begin to increase in numbers about the end of February.
By the end of March they have increased fourfold. In
April a decline setsin and the crop steadily falls off to a
minimum in August when it is again down to the winter
level.

This sudden blooming of the ocean meadowsin M ar ch
is due to two causss, to the returning strength and
increasing height of the sun and to the rich sore of
nutrient salts—phosphates and nitrates—which has
accumulated in thewater during thewinter when, owing
to the poor light and short days, there were no plants to
use it up. These sdts, present in the water in minute
amounts, govern the abundance of plant life and so we
can go one step farther back than the diatoms and say
that they govern the abundance of the whole of life in
thesea. Morethan that, they underlie those fluctuations
in thefisheries,in the annual yield of herring, cod and
haddock, which have so long been among the mysteries
of the sea. For the diatoms are the grass of the s=a and
the salts the soil in which they grow. When the salts for
any reason fail, the diatom crop fails also and with it all
the animal plankton that grazes on it. Ultimately the
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fisheries suffer too. This indeed is just what has hap-
pened in the Channel in recent years. There has been
a fall in the amount of phosphate in the waters off
Plymouth. Formerly Atlanticwater, rich in phosphorus,
brought to this area an abundant animal plankton which
was the food of the winter herring harvest. In the early
thirties this flood of Atlantic water ceased so that the
herring fishery at Plymouth began to decline and is now
almost extinct.

In April two influences begin to make themselves felt
in our seas. One of these is the hatching out of vast clouds
of young plankton animals following hard upon the
spring outburst of plants. They swarm upon the floating
fields like locusts and steadily graze them down. The
second influence is the swift exhaustion by the plants
themselves of the nutrient sdts, the soil in which they
live, and, most important, of the dissolved silica from
which their delicate skeletons are built up. The result
is a steady decline in the diatom crop which goes on
throughout the summer until August. But after August
the plant life recovers and in September blooms again to
about three-quarters of its spring abundance. Two
influences, again, are at work to bring about this second
increase in late summer. During the summer months
the surface water is warmed by the sun to a temperature
two or three degrees higher than the water underneath.
This means that a warmer and therefore lighter layer is
formed which lies on top of colder and therefore heavier
water below. The two layers are separated by a dis-
continuity called the thermocline. The depth at which
the thermocline lies varies according to the amount of
sunshine and calm weather which the summer brings.
In the English Channel it lies usually at about 40 to 45
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feet in May or June but a gale of wind, by churning up
the water at the surface, sends it down to 58 to 60 feet.
We may say that during the summer the thermocline
cuts off the upper 50 to 60 feet completely from the
colder water below and no mixing takes place across it.
Throughout the summer months from M ar ch to August
the plant life, living and multiplying in the upper layer,
uss up the nutrient salts above the thermocline. As the
plants and animals die they sink down and their decay
regores the mineral sats, which they have been steadily
withdrawing from the upper layer, to the layers below.
The arface layer therefore loses sats continuousy
throughout the summer. The soil gets poorer and
poorer and there is no replacement. The plant life
therefore declines. But towards the end of August the
aurface layer begins to lose more heat than it gains from
the sun. The temperature of the upper layer fallsto that
of the lower and so the thermocline breaks down. The
water below now mixes with that above, renewing the
nutrient sts in the surface water. Although the
declining sun is losing strength now there is still enough
light for photosynthess and the diatoms begin to
multiply again. But thereis another factor which helps
to bring about the second blooming of the diatoms and
that is the death of the animals that feed on them. All
over the temperate oceans the animal plankton begins
to die off towards the autumn, for mogt of these small
creatureslive only one year, or at most two, and die after
they have fulfilled their primary object in life, that of
spawning and reproducing their kind. In late summer
the parents of the generations spawned since the spring
begin to die and with the onset of winter millions of their
offspring perish also. They sink down, restoring by their
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decay thediminishingfertility of the seaand reducing the
population that grazes on the plants. In shallow inshore
waters like the English Channel the temporary plankton
also disappears during the course of the summer as all
the millions of larvae, spawned in the spring, settle down
—such as have survived the perils of their brief youth—
and become adult animals fixed to the bottom or
burrowing into it or crawling over it. As the grazers
die the meadows of the sea become lush again, but not
for very long for soon the sunlight becomes too dim and
the days too short so that photosynthesis becomes
impossible. In October the diatoms are already dimin-
ishing again and they decline steadily to a minimum in
December.

In the southern hemisphere there is no thermocline
because of the mixing processes which are constantly
going on along the convergence and near the con-
tinental slope where deep cold water wells up from
below. Frequent gaes throughout the summer, too,
keep the water stirred up so that no surface layer of warm
water can form. Asaresult thereisonly onewell marked
outburst of plant life in the south. In the warmer waters
of the Southern Ocean near the convergence it takes
place in December, about midsummer, two or three
months later than the corresponding time in the north.
It is later still in colder southern waters where the
greatest abundance does not occur until January and in
the far south, in waters not uncovered by the pack ice
until late spring or early summer, the blossoming of the
diatom crop may be delayed until February, nearly
autumn, and then must die away very quickly as the
winter sets in. The southern crop declines steadily
throughout the remainder of the summer and has no
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second maximum comparable with the autumn re-
covery in northern waters.

Soon after the spring outburst of plant life, in April or
May in northern waters and in December or January in
the south, comes the spawning and vas proliferation of
the zooplankton. In northern sess this reaches its greatest
abundance in about August when the plant life has
diminished to about its lowest point. The surface waters
become filled with the young of copepods, arrow
worms, euphausiids and many other forms in teeming
millions. Inshore appear swarms of the larvae of worms,
molluscs, starfish and sea-urchins.  Clouds of the minute
larvae of barnacles and mussds and the swimming bells
of polyps drift in the creeks and gullies among the rocks.
As the summer goes on, in June and July, thee settle
down and disappear from the plankton and farther out
to s larger animals, young fish, jelly-fish, salps, pyros
omas appear and devour the smaller forms. The popu-
lation is continually changing as later spawned broods
of animals take the place of the earlier ones. About the
end of August the animal plankton diminishes, and then
the diatoms bloom for the second time. It shows no
second maximum because by September life is dowing
down and winter with its rigours is approaching.

In a vast and apparently uniform environment, such
asthe ocean ssemsto be, it might be imagined that there
would be little difference between the floating popula-
tion of one area and that of another. But we have already
seen that certain natural boundaries exist in the ocean,
such as the antarctic and sub-tropical convergences,
which divide the populations on either side of them as
sharply as mountain chainson land. On a cruise south-
ward over the Southern Ocean we find a very sharp
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change in the kind of animals taken in the nets after
passing the line, invisible but detectable by means of
instruments, which we call the antarctic convergence
(Fig. 2) and which divides the cold antarctic from the
warmer sub-antarctic water. Thisistrue to a greater or
lesser extent of all the animals of the southern plankton
and the division is sharpest where the differences in the
temperature and salinity of the water on either side of
the line are most pronounced and less sharp where these
differences are not so marked. A similar though less
definite change in the population takes place at other
boundary lines such as the sub-tropical convergence.
But besides these more or less sudden jumps in the
character of the population we notice that there is a
general and gradual change both in quantity and quality
from one part of the ocean to another. Certain animals
and plants are characteristic of certain sses and certain
associations of animals of certain masses of water. For
instance, around the British Ides the water of the
Atlantic has a characteristic population which marks it
from the water of the North Sea and the Channel. The
greatest and most sweeping changes, however, take place
from north to south roughly across the lines of latitude.
Aswe move southward from the tropics we find that the
size of the catches in our plankton nets increases very
greatly. In the tropics the nets may take a few hundred
animals and hardly any diatoms at all, but in the
Antarctic they take hundreds of thousands of animals
and uncountable millions of diatoms like thick mud
in the summer. But there is an exactly opposite change
in the numbers and variety of the different kinds of
animals and plants. A haul with a coarse canvas
net in the Antarctic may bring up ten or twenty
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thousand copepods belonging to perhaps three or four
species, but in the tropics the same net will bring up
perhaps a couple of hundred individuals belonging
to as many ecies. The same sort of change takes place
from the tropics northwards towards the temperate
latitudes, although in the North Atlantic, and toa lesser
extent in the Pacific, these changes in the population
tend to have a north-west to south-east direction because
warm water iscarried far to the north-eastward in both
oceans by the Gulf Stream in the Atlantic and the
Kurosiwo Current in the Pacific.

Thereason for the richness of the plankton population
in mere numbers of individuals in temperate watersis to
be found in the inexhaustible store of those nutrient salts
which nourish an abundance of plant life. Tropical
waters are not nearly so rich in these nitrates and
phosphates as the colder ssas In temperate and cold
sms the surface is kept constantly stirred up and enriched
by waves and by the rising up from below of masses of
water, sunk down from the tropics and rich in sats
welling up againg the coads of the continents. But the
greater variety of the population, though less numerous
in individuals, in the tropics may be put down to the
greater potency of life, the higher metabolic rate, of
living things in warm seas Life has a greater capacity
for change on this account. It keeps taking on new
agects and evolving new shapes It burns with a
fiercer and more ardent fire.

There is another difference which we may notice
between the inhabitants of cold and of warm sas In
the tropics there is a greater fantasy of form and colour.
Animals which, in temperate seas, have a smple, almost
functional, outline have near relations in the tropics
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whose shape is greatly elaborated. Indeed the same
animal may show a difference of form, an increasing
elaboration, towards the tropics. The small spiny
dinoflagellate Ceratium tripos (Fig. 3c), for instance,
shows a progressve lengthening of its three long pro-
osss which, in the tropics, become many times their
length in cold latitudes. Most plankton animals and
plants, in fact, in the tropics develop elongated pro-
ceses long bristles or greatly elaborated skeletons often
bizarre and, one would imagine, purposdess. They
seem to be simply part of the general exuberance of life
in thee waters. But there is a very practical purpose
which they serve. Warm water is very much less dense
and, perhaps more important for minute creatures, les
viscous than cold water. Its surface tension is very much
lower. It therefore becomes increasingly difficult for
small drifting things to keep themsdves afloat as the
water in which they live gets warmer. They must
increase, perhaps by many times, the ratio of their
surface area to their volume. And thisis mog effectively
achieved by means of these spines, processss and fan-
tastic shapes which at first sight appear so undirected
and so wanton. They are, in fact, flotation mechanisms
and assg in keeping the tiny body adrift in the thin
clear waters in which it lives. In the tropics, again, we
find more splendid and beautiful colours than in tem-
perate and cold ssas In the blue and limpid waters of
the tropic zone, light of some sort penetrates to a depth
of more than 3,000 feet. At about 5,000 feet, however,
no light penetrates at all and photographic plates
exposed for two hours at this depth showed no sgn at
all of blackening. Animals which live within the upper
1,000 feet are either quite transparent, so that they are
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invisible in the water, or dse they show various exquisite
shades of blue or green. The predominant note is blue
and usually, asisthe case in mog of the fishes the upper
surface is shaded darker than the under surface. Below
that depth down to about 5,000 feet the dominant note
isred, often afinecrimson like the great red prawnsthat
thenetsbring up from thosedepths (Notostomus, Sergestes,
Acanthephyra). The light waves of the red end of the
spectrum probably do not penetrate to the depths where
these creatures live but are absorbed before they get
there, so that to their brethren in their half-lit world
these prawns must appear black and do not becomered,
as it were, until they are brought up within the light of
day. In the lightless depths below 5,000 feet the prevail-
ing colour is truly black, like the small yet monstrous
fishes with their gigantic mouths that live in those
mysterious regions. In general the animals in the tropics
show the most exquisite colourings which, alas, most
quickly fade, almost before the artist can capture them
on paper. In fixative they drain away completely so
that when the student sss them in the museum they
have assumed an unattractive straw-coloured pallor. In
life there are lovely copepods such as the glittering,
iridescent Sapphirina, like little pieces of bright metal,
the deep red Euchaeta in the lower layers and the
black Candacia. Often they carry fans of golden, bronze
or iridescent hairs (Euchirella, Oithonaand many others).
T hefishesareusually bright metallic silver {Argyropelecus)
or blue like the flying fish. Altogether the fauna of the
tropic sees is of a breath-taking delicacy and beauty
which fades so swiftly that you might believe the sa
werejealous of its treasures.

In the distribution of plankton animals the most
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mportant gover ning factor istemperature. Every secies
has a higher and a lower limit of temperature and be-
tween these it lives and spawns to best advantage. Below
or above these limits it cannot spawn. If the temperature
is lowered the effect is to delay spawning down to a
certain limit below which spawning is inhibited com-
pletely. The area of greatest abundance of an animal,
however, does not necessarily correspond with the area
within which it spawns, since water movements and
currents may often carry the shoals far beyond the
spawning limits. Some animals can live and reproduce
within a very wide range of temperature but in the open
ocean the range is usually narrow and covers only a few
degrees. The population therefore changes steadily
in agpect as we go from the tropics towards the
poles.

The temperatures at which mogt of the diatoms
flourish best lie between freezing point and 50° F.
(io° C.) so that they are essentially plants of the colder
waters. And this, again, is another reason for the richness
of the plankton in temperate sss and its poverty in the
tropics. Most animals and plants in the open ocean are
also very sendtive to changes in the salinity of the water
and cannot tolerate extremes outside the limits of 34 per
thousand to 36 per thousand, which is about the range
found in the temperate ses of the world.

As we approach the shore from the open ocean we find
another change in the plankton population, both plant
and animal. The shallow area above the continental
shelf and within the 200 fathom lineis called the 'neritic*
zone. It isaregion wherethe ssmaislit by daylight down
to the bottom and where the nutrient salts are more
abundant because they are carried down by rivers and
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washed out of the diffs and rocks of the coast. It there-
fore supports a very much more abundant plant life,
and hence a much richer plankton population generally,
than does the open ocean. Inshore waters are the home,
too, of the temporary plankton which adds itself to the
permanent plankton population each spring and sttles
down or fades away during the summer. The neritic
zone is a region of very fluctuating conditions. Near the
coag the seais liable to dilution by rivers and by drain-
age from the land so that the salinity is often lower and
more variable than in the open ocean. The temperature
of the water, too, is apt to vary dose inshore, over sand-
banks or over sretches of rock exposed at low water or
near estuaries. Plants and animals that live in the
neritic zone consequently have to be able to tolerate
much greater changes in these important factors in their
lives than are encountered farther out to sea. They may
aso have to withstand changes of acidity or of the
chemical constitution of the water. For these reasons
the neritic zone supports a peculiar population of its
own. Many of the plants and animals of the neritic
plankton can only live dose inshore and die when they
are swept out to sea. Some oceanic creatures die if they
drift dose inshore but in general the open ocean plank-
ton invades the neritic zone and increases the abundance
of life in shallow seas

In the south this difference between the inshore waters
and the open ocean isvery much less evident than in the
north, because the West Wind Drift, supplemented by
cold mases of water welling up from below along the
Antar ctic continental dope, carries the inshoreinfluences,
especially the richness of the nutrient salts, far out into
the Southern Ocean.
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The interplay of all these factors—temperature,
salinity, chemical constitution of the water—distin-
guishes the various water massss of the ocean one from
another. It is these influences which make some waters
suitable for certain animals and plants or associations of
them and unsuitable for others. At the entrance to our
own English Channel, for instance, there are three
different kinds of water. There is the water from the
Atlantic Ocean, which is warm, highly saline and rich
in phosphates. It swirls round anti-clockwise south of
Ireland and sometimes fills the Channel mouth. There
is a tongue of water from the Bay of Biscay, warmer and
more saline still, which creeps into the entrance to the
Channel round Ushant and the coast of Brittany. And
then there is the inshore water of the English Channel
and North Seawhich is different again. It is cold, not
so saline and poor in phosphates. Each of these three
different kinds of water has a population so distinctive
in the aggregate that the untrained eye can tell them
apart at a glance. The Atlantic water carries a rich
population containing very great numbers of a certain
arrow worm, Sagitta elegans. Channel water carries a
sparse population of which the most important member
is a very much smaller arrow worm, Sagitta setosa.
Biscay water, on the other hand, has a population of
intermediate richness and the two arrow worms are
absent or almost so. It contains, however, great numbers
of a copepod, Euchaeta hebes, and of the dinoflagellate,
Noctiluca. So characteristic and distinctive are these
populations that their major constituents can be used to
indicate the kind of water in which they live as precisely
as the thermometer and water sample bottle.

Some areas of the sea, again, are regions of mixing,
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flooded by different kinds of water at different times so
that the population varies accordingly. The North Sea
is an excellent example of this for it receives two influxes
of water from the Atlantic Ocean—one from the Channel
through the Straits of Dover and one round the north
coast of Scotland. In some years the North Sea receives
more water through the Channel than round the north
of Scotland. In other years the reverse is true. There
seems to be a regular pulse every year, water flowing
strongly up through the Channel in the spring and then
slowly retreating before the counter-influence of the pulse
round the north of Scotland. Now the water that sweeps
into the Channel from the Atlantic, as we have already
said, brings in a rich and quite distinctive population
with great numbers of the arrow worm, S. elegans. But
when the flow round the north of Scotland is strong the
water in the Channel is poor in phosphate and has a low
salinity. The plankton population is sparse and the
Atlantic animals are absent. Sagitta elegans is replaced
by S. setosa and great masses of a particular species of
diatom, Rhizosolenia styliformis, appear on the Dogger
Bank. It has been found that when this diatom is
abundant in the North Sea the herring avoid the Dogger
Bank and the catches landed at Lowestoft and Y armouth
are poor. It becomes possible then for biologists at
Plymouth to foretell whether the east coast fishery will
be good or bad by the appearance or absence of the
arrow worm, S. setosa, in their waters. Of recent years,
since about 1931, the flood of Atlantic water into the
Channel from the west has weakened and the Plymouth
herring fishery, which is related in some way to this
water, has almost disappeared.

Thus far we have been thinking only in terms of the
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horizontal distribution of the floating population. Yet
the sea, unlike the land, is a realm of life in two planes
%0 that* its inhabitants can have a vertical as well as a
horizontal extent. There are, indeed, no depths of the
ocean where there is not some life, however dight. But
we find that nearly all animals and plants have a certain
range of depth which they inhabit, and within that range
there is usually a smaller one which they prefer. More
than that, we find that the depth at which an animal
prefersto live may vary according to the time of day, the
time of year and to the age of the animal itsdf. For
instance, in the Antarctic during the summer months—
for winter brings in a different st of conditions—there
are certain copepods which are always in the upper
layers above 300 feet (100 m.) and others which are
always taken below that level. Within the upper layer
there are some that are taken always in the greatest
numbers between 150 feet (50 m.) and the surface and
in the deep layer others which are always found between
1,500 feet (500 m.) and about 750 feet (250 m.).

There are, however, very great differences between*
the populations of the various layers during the night
and during the day. If we make a haul in the surface
layer at night during the summer we find the water
teeming with life but in the daytime the net will bring
in very much less for the surface layer is almost empty.
This is because the majority of plankton animals live in
the surface layers at night and then snk down into
deeper water when dawn ocomes and the daylight
srengthens. They rise again to the surface after sun-
down. It isfor thisreason that the herring drifters shoot
their nets at night when the fish are near the surface
feeding on the plankton. The herring food, indeed,

G
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(Calanus) carries out these daily mass journeys to the
surface and back again with great regularity and pre-
cision and its behaviour may be taken as a general
example of that of the plankton population as a whole.

In the English Channel the Calanus are to be found in
by far the greatest numbersjust below the surface about
four or five hours after sunst. Thereafter they dowly
sink, until at dawn the greatest numbers are at a depth of
about 120 feet. Three or four hours after dawn they
have sunk further still to about 200-300 feet, after which
they begin to rise dowly to the surface again. But there
are many animals, especially in the open ocean, which
live at greater depths than this during the day. Some,
like the mysid prawns, live on the bottom. Many of
these rise towar ds the surface at night but may not reach
it either because the night is too short and they have not
time or because their powers of svimming are not great
enough or because the stimulus, whatever it may be,
which urges them upward is not strong enough. But the
effect of all these creaturesrising from below isthat about
four or five hours after sunset, when they reach the top
of their ascent, the water is more thickly and uniformly
filled with life over a much deeper extent from the sur-
face downwards than at any other time during the
twenty-four hours. Not all plankton animals make this
dailyjourney up and down again, nor do all those that
do so carry out arise and fall of the same extent. Some
make daily journeys of two or three hundred feet and
others of only fifty feet or 0. Further, the same animal
may make longer vertical journeys the older it grows.
The young sages of Calanus hardly make any vertical
migrations at all and remain always near the surface,
but as they grow older their vertical movements become
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more pronounced and the female adult makes the most
regular and precise migrations of all. The general effect,
however, is that the surface layers of the temperate
summer sea down to about 30 feet are almost empty in
daylight but full of abundant lifeat night, with itsgreatest
richness about four hours after sunset.

As great asthe contrast between night and day is that
between summer and winter. The plankton isvery rich
in summer within the surface 300 feet (100 m.) and
migrates up and down from day to night largely in that
layer. But as the winter comes on it retreats from the
surface to levels somewhere between 800 feet (250 m.)
and 1,600 feet (500 m.). Hereduring the winter months
we find the remains of the summer abundance much
diminished. The population, indeed, is only a shadow
of that which filled the surface layers in the summer.
At midsummer, in the waters of the West Wind Drift
around South Georgia, half an hour's haul with a coarse
canvas net in the surface layer at night might bring up
twenty or thirty thousand of the common copepod
Rhincalanusgigas. But at midwinter only a few hundred
can be gathered from the deep layers and none at all at
the surface. The same is true of the arrow worms and
of all the important members of the plankton.

Thereason for the general shrinkage of the population
of the sea in winter is plain enough. Most plankton
animals do not last more than a year or two at most.
They may spawn one or more than one generation
during the summer but after the spawning the parent
generation dies. Those of their offspring that last over
the winter are the lucky ones that successfully survive
many perils, the ferocious grazing of a host of enemies
throughout the summer, the action of currents and water
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movements that sweep them into unfavourable areas,
the failure of their plant food in late summer and the
onset of inclement conditions and the increasing cold of
the water as winter s#tsin.

When the spring comes the diminished plankton rises
into the upper layers again, poor in quantity in the early
weeks but proliferating more and more abundantly as
the season advances and young broods of all thevarious
animals appear as the result of the spring spawning.

What is the reason for these daily and seasonal vertical
movements of the plankton population? It seams that
temperature and light intensity are the two most im-
portant influences at work. Both of them act together,
but one is usually more powerful in its effect than the
other. Added to them is the important influence of
gravity—the tendency of all plants and animals, which
are heavier than water, to sink in it. Indeed the life of
a plankton plant or animal is a continual struggle
against this tendency and in the tropics, as we have seen,
special arrangements are necessary to overcome it.

For every creature there is a most suitable light
intensity which it tends to sesk and each is more abund-
ant where that light intensity exists. Plants, because they
live by photosynthess, live in the euphotic layer, the
upper 250 feet which is brightly lit by the sun, but even
50, different diatoms have a preference for different light
intensities and flourish best at levels where they occur.
It has been suggested that it is rather the change of
intensity to which an animal regponds than the light
itself and that this acts by altering the animal's response
to gravity. The normal response is downwards and the
animal actively swims downwards when the light from
above is bright. When the animal gets into the lower
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tendency to swim downwards in response to gravity
becomes less compelling so that the population becomes
bunched together at a certain level. As the light from
above begins to fade away altogether the response to
gravity changes to a completely negative one and the
animal begins to swim actively upward. It is certain,
however, that whatever influence it is that is at work, it
acts differently not only on different kinds of plankton
animals but on animals of different ages since the young
forms do not, as a rule, make these daily journeys up and
down but are always found at the surface. Further the
stimulus, whatever it is, often seams to break down, for
many animals, such as the Calanus, which normally
make regular migrations, are found swarming right on
the surface when the sunlight is particularly bright in the
summer, and swarms of krill on the surface in the day-
time are a common sight in the Antarctic. It isremark-
able, too, that many of the tiny larvae which make up
the temporary plankton show an exactly opposite habit
to that of the permanent plankton. They move up to
the surface by day and down to the deep layers at night.
On most coads there is an onshore wind by day which
drives the surface water towards the shore and an off-
shore wind by night which drives the surface water in
the opposite direction. Here, then, is a device by which
the larvae of bottom-living animals maintain themselves
in the shallow waters and tend to be driven in among the
rocks and gullies where they will eventually settle.

The seasonal change of level ssams to be a very differ-
ent affair. If thisis a response to light intensity, direct
or indirect, it is one of a quite opposite kind to that
which controls the daily movement, for as the summer
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days begin to shorten and thelight to fade the population
snks down towards the layers where there is even les
light. It rises again to the surface when thelight returns.
Probably, then, temperature is now the most important
influence at work.

As every animal of the plankton has its own most
suitable temperature range, which governs and limits its
horizontal extent, so it tends to sek those levels at which
that temperature is to be found. Many animals which
arefound at thesurfacein temper ate seas seek the deeper
water in the tropics where they find their limiting
temperatures. In the Antarctic the plankton inhabits
the cold layer of water at the surface moving north and
east during the summer but, with the onset of winter and
the still further cooling of the surface water, the popula-
tion seks the warmer southward moving water below.

Thiswinter movement downwar ds into deep water has
been compared with the hibernation of animals on land
and there are some marine animals which actually do
hibernate. For instance, the polyp Clytigjoknstoni which
around our coagts gives off its swimming bdls profusey
during the summer, dies down to a little rounded knob
during the winter months but comes to life and prolifer-
ates its bels again in the spring. It is certain anyhow
that the plankton animals which survive the perils and
hazards of the summer and sink into the deeper layers
in the autumn neither grow nor feed during the winter.
At those depths, indeed, there are no diatoms for the
plant grazers among them to feed on. The generation
of the Calanus which snks down in the winter carries
an extra gore of fat within the body on which it subsgs
during its sojourn in deep water.

Whatever the activating agency may be and whatever
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theprimary reason for it, thiswinter movement into deep
water is extremely important. It brings about the
consgtant renewal of the population in its natural waters.
It ensures that each gecies, as it were, says where it
belongs. If all the animals in the Southern Ocean spent
all their lives in the northward flowing surface water
each would sooner or later be carried away out of the
zone of water to which it is suited and the population
would perish by being swept out of its natural environ-
ment. But the descent into southward moving water
during the winter carries back and south again the
population which will spawn next spring. In the North
Atlantic the warm water of the Gulf Stream snks from
the surface and flows back towards the south at a deep
level sothat the plankton animalsthat are carried north-
wards at the surface in the summer tend to be carried
back again during the winter. Some similar arrange-
ment must hold for the diatoms also and perhaps the
formation of resting spores in the winter, which sink by
their own weight to deeper levels, may help to keep the
ocean meadows in position.

It may be, too, that this winter sinking helps to
determine whether a plankton animal shall live out in
the open ocean as an oceanic oecies or dose inshore as
a neritic pecies. An animal which does not migrate up
and down obviously cannot live in the open ocean since
it could not maintain itselfin position and would sooner
or later be swept away out of its environment. Nor
could an animal which needs to sink to lower levels in
winter live dose inshore where the depth of the water is
insufficient. Close inshore along the coast of Norway,
the Galanus dies out during the winter in many of the
fjords where the depth is not great enough for the winter
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descent and the fjords are repopulated again every
summer from outside.

One of the mogt remarkable features of life in the sea
is the similarity of the population, not only of the plank-
ton but of the benthos and nekton also, in the temperate
sees of the northern and southern hemisphere. There is
no immediately obvious reason for this, snce the two
populations are separated by the broad tropics where
the inhabitants are fewer and quite different. This
general resemblance between northern and southern
sas was noticed by the earliest explorers who saw that
inhabitants of north polar and temperate sas were in
many casss matched by southern counterparts. Nowa-
days we have an impressive list of animals and plants
from southern waters which are not only similar to, but
often identical with, those of the north. Even the whales
of northern and southern waters are indistinguishable
from one another, except perhaps in sze, though, so far
as is known, they never cross the equator. The chief
difference between the inhabitants of the north and the
south is the fact that many southern bottom-living
animals have no free-swimming larval stage but grow
straight into the adult from a young form very much like
the full grown animal. Starfish dredged up from the
bottom of the Ross Sea in the Antarctic often have
minute but perfect young sarfish adhering to them.
This is perhaps a natural response to the rigours of life
in cold sas icebound for a large part of the sum-
mer when the free-swimming larvae would normally
occur.

While the whole aspect of the population of northern
and southern temperate s is the same, so that it would
need an expert, asarule, to say whether any sample taken
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with a net or a dredge came from the northern or south-
ern hemisphere, yet the intervening tropical and warm
water forms are quite distinctive. Some animals are
continuous in their distribution through the tropics from
north to south, as are the great red jelly-fish (Periphylla
and Atolla) and thered prawns {Acanthephyra) which are
found in temperate waters at the surface and in deep
cold water in the tropics. They remain within their
temperature range by sinking into the depths in warm
waters. Neverthdessit isin the main true that thereisa
tropical discontinuity between similar northern and
southern forms.

This phenomenon is known as 'bipolarity. How it
came about has long been a matter for discusson among
naturalists. Thereisnot only a bipolarity of the popula-
tion but there is also a bipolarity of its behaviour, a
matching of occurrences in the two hemispheres. The
spring outburst of diatoms, the winter descent of the
plankton, the large number of individuals but small
number of species—all these are examples of happenings
which occur both in northern and southern temperate
waters but not in the tropics. They are the result of
natural physical laws which ensure that the conditions
of life shall be largely similar at the two opposite ends of
the earth.

Now it is naticeable that there are many more neritic
species than there are oceanic ones in all branches of
marine life and, in the open ocean, many more species
in northern temperate ses than in southern. It is a
rulethat any areawith many species may be looked upon
as having been populated longer than one with fewer
and we may conclude that southern waters have been
populated by dispersal from the north and that the open
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ocean has been peopled from inshore. The habit of
sinking in winter into south-moving deep water makes
it clear how this might have come about, part at least of
the northern population having been carried into
southern waters in thisway. On the other hand thereis
the possibility that snce the conditions of life are very
much the same in the open temperate sms of both
hemispheres a certain amount of parallel evolution has
gone on, producing similar forms in both the north and
the south at the same time. It is also possble that the
northern and southern populations are the remains of
one which was once universal all over the globe but that
the tropical part of this world-wide fauna has now dis-
appeared and been replaced by a more recent and more
diverse one. Probably all three of these explanations are
in some degree true. Quite recently it has been shown
that a northern sedes can be transferred to the south
and will flourish there if the right conditions prevail, for
the North Pacific salmon has been artificially transferred
from the Canadian rivers to those of the South Island
of New Zealand—a particularly delicate adjustment
snce conditions must be exactly right in both the
freshwater rivers and in the sea.

Thelife histories and development of the more import-
ant members of the animal plankton have been fairly
cosdy studied, but on the whole the biology of plankton
animalsisnot very well known.

The copepods are aways the most convenient
examples of the general life history of plankton animals,
since they are perhaps the most important members of
the zooplankton.

Like many other plankton animals the copepods start
life as larvae. The copepod larva is a microscopic
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oval creature, called the nauplius, with comparatively
enormous forked oar-like legs and antennae. The
copepods grow by jumps and stages, as all Crustacea
do, casting their sins and growing new ones between
the sages. Each stage represents an advance in develop-
ment, in complication of structure and progress towards
the adult condition. There are sx oval nauplius stages,
after which the larva becomes a young copepod,
recognizable as such in appearance. There are five of
thee copepodite sages, as they are called, each larger
and more perfect than the one before it, until the sixth
stage, which is the adult, is reached. In the Norwegian
fjordstherearetwo kinds of Calanus (C.Jinmarchicus and
C. hyperboreus), both important as thefood of herring.
These produce their swarms of oval larvae in the fjords
and in the open sea outside, where they are found in
gigantic numbers in the surface in the spring. One
of these copepods (C. finmarchicus)—the 'brit* of the
Channel and North Sea—lives and spawns dose inshore
in the fjords. It produces three separate and distinct
broods of larvae during the summer. Each brood grows
up rapidly in the space of a month or two and, as the
gages of each brood advance in sze and weight and
perfection of structure towards the adult, they tend to
concentrate in deeper layers of water. The last brood,
which hatches out late in the summer, does not change
into the adult stage in that year but the late stages, not
yet full grown, sink into the water at the bottom of the
deepest fjords, to adepth of some 600 to 1,000 feet, and
there they pass the winter as adolescents, or near-adults,
in the last stage before the adult condition. In the spring
these change into the adult sage and migrate to the
surface again, where they shed their eggs The other
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Galanus (C. hyperboreus) is an inhabitant of the deeper
water offshore. It brings forth only one brood of young
in the summer which grows much more sowly than any
of the three spawned by its inshore cousin. T he young of
the spring generation tend to concentrate in lower and
lower layers the older they grow and in the autumn sink
into the deep water without becoming fully adult. They
go even deeper than the wintering brood of the inshore
Calanus so that they mostly pass the winter in the deep
water off the coast since most of the fjords are too shallow
for them.

The life history of the krill, so vital to the whale
fishery as the food of the great whales of the Antarctic,
has been studied closdly for some years by the scientists
of the Discovery Committee and by the Norwegians.
Their work is not yet complete but it is known that the
krill, unlike most other animals of the plankton, takes
two years to become fully grown. Indeed its life history
sems to be the exact opposite of that of the copepods
for, while the full-grown animals swarm in the surface
layers in the summer, they apparently snk down into
the deep water to shed their eggs because the ripe
females carrying eggs, the eggs themselves and the very
earliest young stages, were taken only in the deepest
water by the Discovery Il dose to the Antarctic con-
tinental shef. The egg hatches as a small oval larva, a
nauplius not unlike that of the copepods but much
larger, and this goes through a most complicated series
of stages leading up to the adult. Thekrill goesthrough
about adozen of these gagesbut someof theEuphausiidae,
the order to which the krill beongs, go through as
many as thirty-two stages, not including the adult, each
becoming progressvely more complicated. The young
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krill rise to the surface gradually during the course of
the summer but sink again with the rest of the plankton
in the autumn and, during thewinter months in the deep
water, growth is dowed down. The krill spawns in the
second summer after hatching, but some of its northern
cousns spawn twice, once in the first and again in the
second summer after hatching.



CHAPTER V
THE SEASHORE

Conditions of life in the tidal zone—Wave action—
Exposure—Fluctuations of temperature and salinity
—Zoning of life on the shore—Zoning of seaweeds—
Zoning of animals—The rocky shore—The sandy
and muddy shore—Spawning habits of shore animals—
Care of theyoung and egg—Animal associations—
Commensalism—Symbiosis—Parasitism.

No REGION is more exciting for the naturalist, or more
enchanting for the lover of beauty and colour, than the
narrow fringe of shore and shallow water where sea and
dry land med—a world as drange and various as
the tropical jungle. It is probably the cradle of life
from which both the hydrosphere and the lithosphere
were populated, a world of great antiquity, for the
study of fossl invertebrate animals leads us to sup-
pox that the seashore of Cambrian times was not
very different in agpect from that of to-day. In this
realm of complex and continually changing conditions
an enormous variety of crestures has evolved with a
multitude of different devices for obtaining those
necessities of life, oxygen, carbon dioxide, light and food.
Competition for these things is intense and plant and
animals have learnt to live together in associdions for
mutual benefit and to prey upon each other as parasites.
They have adopted methods of attack and defence and
tricks of protection and concealment which are baffling
in their variety and complexity.

We must be content here to describe briefly the kind
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of conditions that prevail on the shores of temperate
coagts and to give a necessarily sketchy picture of the
plant and animal associations that one might expect to
find on the lovely rocky, sandy or muddy beaches of our
own British Ides, so dear and so delightful to their
people of all ages To attempt to picture also the shore
life of the tropics would be too great a task.

Life on the shore presnts plants and animals with
problems of a very special kind. They arise chiefly from
the fluctuating nature of this narrow strip where the
conditions of two worlds meet and intermingle. Land
and sea merge gradually into one another from the strip
along the high tide mark, where conditions are mainly
terrestrial, to the shallow sses below the low tide mark
where conditions are mainly marine. Between the tide
marks is the tidal zone—covered and uncovered twice
every twenty-four hours by the advancing and receding
tide. It is a zone where living things must be able to
withstand extreme variations in all the factors governing
their lives, with terrestrial influences increasing towards
the high tide mark and marine towards the low. Be-
tween the level of the low water neaps and the low
water springs is the strip where life is mogt abundant,
where bright light and oxygen are most accessble and
where the danger of drying up or of excessve heat or
acidity are least. Here, too, competition and the
struggle for exisence are keenest. The battle for living
gace and food has equipped the animals of this zone
with biological and mechanical weapons of great effici-
ency. Below the level of low water springs is the con-
tinental shelf zone above the hundred fathom line where
maritime conditions increasingly predominate and the
terrestrial influences of fluctuating temperature and
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salinity, increased acidity, bright light and the mechani-
cal action of waves and tides gradually diminish towards
the continental edge where the shelf gegpens into the
dope and the sea floor descends into the abyssal zone.

The tidal zone, the strip of half-land and half-sea
between the tide marks, is predominantly the region of
the benthos. Although conditions on the shore are so
favourable for life in the abundance of food and light
and in the well aerated water richly supplied with salts,
nevertheless the shore presents several great disadvant-
ages. Two of thexe are purely mechanical. The whole
population is four times daily exposed to the battering
action of the waves as the tide advances and recedes and
to the disodging effect of local currents, swirls and
eddies which tend to carry living things away from their
natural homes. The great majority of the population,
therefore, has anchored itself to the firm rocks or sones
or has taken to burrowing into the soft sand and mud.
Animals which can swim or move actively can escape,
when conditions become unfavourable, into deeper
water, but those which have chosen to remain more or
less fixed must be capable of withstanding this pounding
by the waves. They must also be able to deal with the
second mechanical disadvantage of their surroundings—
thetwicedaily risk of being dried up when the ebb leaves
high and dry the rocks and stones to which they cling,
or the soft sand or mud in which they burrow.

The pounding of the waves has impressed upon all the
inhabitants of the shore a general flattened shape. We
find this most emphatically on a rocky shore among
animals which cling to rocks and gdones or live in
crevices. It holds good rather less on sandy or muddy
shores where animals can burrow down into the ft
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hospitable oozy bed away from the turmoil above. Yet
many of the burrowers too have a flattened shape. The
prevalent outline of shore animals, then, may be looked
upon as that of a fish cut in half down its middle line
with the lower cut surface pressed against the sub-
stratum to which the animal adheres and the upper
surface more or less streamlined to meet the flow of
water. The majority of animals that live exposed to the
action of the waves are moreover flattened from above
downwards like the limpet or the sea-dug (Doris), like
the crabs and the starfish, but some Crustacea are
flattened laterally like the sand-hopper that lives in
piles of decaying seaweed along the high tide mark.
Further, the same kind of animal may have a different
shape according to whether it lives in a sheltered or
exposed position. Limpets which live in sheltered rock
pools are high and rounded while those which livewithin
the dash of waves on the seaward faces of the rocks are
flattened and more oval in shape. In these exposed
positions we find a great many animals growing en-
crusted upon the rocks, encrusting sponges, the many
squirts and seamats. All these live mainly around the
low tide mark where there is the least possible risk of
drying up. Close pressed against the rocks they present
smooth unresisting surfaces to the action of the waves.
Another and obvious way of avoiding the action of
waves is to seek the shelter of crevices and overhanging
positions or the landward faces of sloping rocks. Anyone
who knows the seashore will have noticed how the
sheltered nooks and crannies are a mass of living things
of endless beauty and variety, the sea-anemones, the
urchins and starfish, the sponges, the sea-mats and the
polyps so that the mysterious dark cool hiding places
H
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seem to drip with life, secret and intent on the hard
employment of simply being alive. The external skele-
tons of Crustacea, the coiled tubes of the lovely tentacled
worms and the shells of molluscs may aso be classed
among the devices which protect their owners from the
turbulent world they livein.

Animals cling to the rocks in many ways. Most of the
molluscs, such as the limpet, have a large muscular
expansion on the undersurface of the body called the
foot. It was at one time thought that the limpet clung
to its home by suction but it seems more probable that
it does so simply by following with the soft under face of
its foot every minute roughness of the rock. The edge of
the shell dso seems to have a rasping action for a fine
ring-shaped groove is left upon the rock, worn by the
edge of the shell, when alimpet is removed from its site.
The anemone, too, clings to the rock simply by filling
every rugosity of the rock face with its flesh. A1l encrust-
ing animals aso are so intimately related to their sub-
stratum that they cannot be removed except by the most
violent means. The common barnacle, however, cements
itself to the rock with a secretion which glues down the
basal plate of the little box in which it lives and the
mussel attaches itself by a bundle of coarse fibres called
the byssus.

Burrowing and tube-living animals can mostly escape
the more violent action of the waves by simply sinking
deeper into the sand or mud or by withdrawing into
their tubes and closing the door as many of the worms
do. Some of these have gill filaments modified to form
a plug which, when drawn back into the tube, stops up
the entrance. Many of the molluscs, such as the dog-
whelk, carry alid, called the operculum, on the upper
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surface of the tail which, when the animal is withdrawn
into its spiral tower, closes the opening like a door. But
many of these burrowing creatures do not burrow very
deeply and must remain only lightly buried in order to
breathe. They too have the flattened shape in
common with their fixed and stationary cousins, as
we see in the heart-urchin (Echinocardium), the cockle
(Cardium) and the many burrowing crabs (Corystes and
Portunus).

Many stationary animals have some power of move-
ment. The starfish and the urchin are aimost agile on
their myriads of tube-feet like fountain-pen fillers. The
limpet can arise, take up its house and walk when
necessity compels. The mussel can move with difficulty
from one place to another by hauling itself up on its
bundle of fibres, snapping the old fibres and growing
new ones. But these creatures can, as a rule, only move
short distances and slowly. Encrusting animals, of
course, cannot move at all. The vast majority of the
inhabitants of the shore, therefore, are exposed twice
daily to the risk of being dried up when the tide recedes.
It follows that they must either be able to withstand a
certain amount of drying up or develop some means of
retaining enough moisture until the returning waters
cover them again. Further, since most of them breathe
oxygen dissolved in water and cannot breathe air, they
must either retain enough moisture for normal respira-
tion to continue during their hours of exposure or be
able to remain for some time in a state of suspended
activity. For the molluscs, for the tube-living worms and
for the burrowers generally all thisis easy enough. They
withdraw into their houses and shut the door. Burrowers
shrink deeper into their holes. But the common barnacle
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is often found covering the rocks in places where it
remains exposed and dry for days at a time and it has
been calculated that, in some of the less favourable
situations it may light upon, the barnacle may spend
only one-twentieth of itslife under water. The barnacle
isasmall shrimp-like creaturewhich, when thetide covers
it, stands upside down in its box made of plates of lime,
feathering food towards itself with its long curved legs.
When the tide recedes it closes its box by means of four
accurately fitting valves. In doing so it entraps a bubble
of air and enough moisture to keep its gills damp. If
you listen carefully just after the tide has left the rocks
you may hear all around the whispering talk of the
barnacles, a faint crepitation. It is caused by the tighter
closing of the valves in millions of little houses whose
inmates are alarmed by the monstrous reverberation of
your bare feet. The clicking sound is the rupture of the
air bubble in each one. Thus, tightly battened down
like a ship in action, the barnacles remain inactive, not
feeding at all nor breathing very much for weeks at a
time. Around our shores there are four species of
periwinkle {Littorina), little snail-like shells that cling to
the rock faces in great numbers. The amount of exposure
to air which each of these periwinkles is able to with-
stand is different for each one so that they occur in
graded zones or bands along the shore from above the
high tide mark to the low. One of them {Littorina
neritoides) lives above the high tide mark in crevices and
the mere moisture of the air in such a situation is enough
for its needs. It can withstand exposure to completely
dry air for as much as forty-two days. Another (L.
rudis) livesjust below the high tide mark and can with-
stand an exposure of thirty-one daysto dry air. Strangely
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enough another periwinkle (L. littorea), which lives near-
est the low tide mark, can withstand twenty-three days'
exposure, while the one (L. obtusata) which occupies the
half tide zone can only withstand six days. The latter
periwinkle, however, needs the thick growths of the
bladder wrack seaweeds for protection against drying
up and is seldom found unless this weed is present. For
this reason this periwinkle is a good deal less used to
exposure than its cousin farther down the beach.

By preserving moist conditions and protecting a host
of small creatures from drying up, the rich growths of
seaweed play a part of immense importance in shore life.
Y ou have only to turn over the apparently dry cushions
of the bladder wrack to find a damp flourishing world
beneath full of small molluscs and Crustacea. The
protecting fronds cover the delicate egg bands of mol-
luscs and, even when dead, stiff and rotten, are the home
of sand-hoppers and mites, which gain moisture and
warmth from the dead piles of weed lining the high
tide mark. In addition the fronds of all the seaweeds
form a substratum for a great many encrusting creatures
such as squirts, polyps, sea-mats and tube-living worms.
The white limy spots that everyone will have noticed
on the blades are the coiled tubes of a little tentacled
worm (Spirorbis). The bases of the fronds of all the
larger weeds are furred with branching polyps and the
branches anchor of the ribbon weed, which grows below
low water, arethe home of agreat variety of small animals.

It is not only to find protection against the violence of
the waves, but also to avoid the risk of drying up that life
tends to collect in crevices and cracks in the rocks, on
sheltered and overhanging faces and in damp quiet
corners. Here many animals can remain for quite a
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long time not actually submerged if the air is damp
enough to keep their tissues moist.

Another of the hazards of life on the seashore is that
which arises from the rapid and extreme changes of
temperature to which many regions of the tidal zone are
exposed. These are both seasonal and daily changes and,
as one might expect, are more extreme in the temperate
regions, where there is a great difference between
summer and winter and between night and day, than
in the tropics where day and night and summer and
winter merge into a constant and perpetual warmth.
In temperate regions rocks and stretches of sand become
heated up during the day, whenthetideislow, and cooled
again at night. On gently sloping beaches the water,
running over heated rocks and sand, is warmed by
contact. Rock pools, far above the low tide mark, as
everyone knows, become very much heated by the sun.
The effect of the warming of the water is to drive off the
oxygen which is less soluble in water at higher than at
lower temperatures. Animals therefore die of suffocation.
Some, such as sponges and anemones, however, can
become quiescent if the temperature is too high and
many Protozoa form a resting stage if the temperature
becomes unsuitable for them in either direction. On
the shore, just as in the open ocean, every animal has a
range of temperature which is most suitable for it. In
the temperate regions, because on the whole tempera-
tures vary more, most animals have a much wider
temperature range, that is—they can tolerate more
extreme changes, than animals that live on tropical
shores. On the whole tropical animals live within about
5° G. (9° F.) of their most favourable temperature and
within i0°-i5° C. (18-27° F.) of their upper fatal limit.
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But on many temperate coasts the population may have
to put up with temperature ranges varying from freezing
in thewinter to 27° G. (80° F.) and more in the summer.
The salinity of the water also changes continually on
the shore and in the shallow water zone. The reasons
for this are obvious. In estuaries there are all stages of
salinity from that of the open ocean to that of the fresh
water of theriver and all along the shore there is scarcely
a bay or inlet that does not receive some fresh water
drainage from the land, either from streams running into
the sea or from drippings and seepings from the cliffs.
In rock pools exposed to the sun evaporation may
increase the salinity to as much as 300 parts per
thousand. Rain water, of course, has the opposite effect.
The shallower and more exposed the pool, naturally,
the greater the variations of salinity, temperature and
other conditions to which the inhabitants are exposed.
As for temperature so for salinity every animal has a
range which is most suitable for it, and animals and
plants which live on the shore, or in the shallow water
zone, have a far greater range and a far greater tolerance
than those which live in the open ocean. Mussels,
barnacles, oysters and limpets can live in estuaries where
the water is almost fresh. Nevertheless only those mussels
and oysters whose beds are situated within a certain
range of salinity ever grow to marketable size. They
become stunted and deformed if the water is too fresh.
The green slime weed of the rock pools near the high
tide mark (Enteromorpha intestinalis) and the green sea
lettuce (Ulva latissima) can tolerate conditions which
vary from almost fresh water, when the pools are diluted
by rain, to immense concentrations when the pools are
evaporated by the hot sun. Among these weeds live
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enormous numbers of a minute copepod (Harpacticus)
which can also withstand these rigorous conditions and
sems to do so by retreating into the filaments of the
Enteromor phawhen the water becomes too concentrated.
But the sengtiveness of animals to changes of salinity is
plainly shown by the ship-worm (Teredo). This is a pest
which sometimes invades harbours in great numbers,
boring into and honeycombing wooden structures and
the unprotected bottoms of ships. But it has been found
that if thereisaheavy fall of rain, which dilutesthe water
in the harbour, the pest decreasss, resuming its ravages
again when the next dry spell comes along and the
salinity of the water increases again.

There are also other conditions, vital for the well-being
of plants and animals, which vary a great deal more on
the shore and in the shallow water zone than in the open
ocean. The density of the water in rock pools varies
with the temperature and the salinity, increasing as the
salinity risss or the temperature falls. On the whole the
salinity has the greater effect of the two since it is subject
to more extreme variations. When the salinity and the
temperature both increase, the oxygen content of the
water falls and many animals which inhabit podls are
able to die down to a quiescent state when this happens.
Altogether the animals and plants which live in this
varying and diversified region need to be extremely
hardy. The hardiness of many of them has been proved
in the laboratory by exposing them to artificial extremes
and it has been found that a great proportion of the
population is tough enough to withstand for long periods
conditions that would soon kill off their more delicate
relatives of the open sea.

The finely graded conditions from the high tide mark
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down to the shallow sea below the low water springs has
brought about a zoning of life on the ssashore. Owing
to the bright light and the abundance of dissolved
carbon dioxide and oxygen in the water, every suitable
situation along the seashore supports profuse growths
of plant life, the seaweeds. The vegetation is much more
local in its growth than it is on land and its arrangement
in zones parallel with the tide marks is perhaps the most
striking thing one notices in walking from the high to the
low tide level. The animals are zoned also, though les
obvioudly, partly in association with the different zones
of weed and partly according to the quality of the beach
and to the variety of environment which it presents for
animal life.

Thenumber of different kinds of plants which grow on
the shore is comparatively small. They all belong to the
family of the Algae—the blue-green algae, the green,
the brown and the red. They have no anatomically
differentiated stem and leaf as have the flowering plants
and there is no definite vascular tissue. They reproduce
in a great variety of ways and exhibit many differences
in the form of the thallus as the leaf-like expansion is
called. The roots are merely holdfasts, having no absorp-
tive function, gripping tightly the rocks on which the
weeds grow and often harbouring a large assemblage of
animal life in their protecting interstices.

At a glance we can e that there is a zoning of the
seaweads according to colour, for the blue green and
green weeds live along the high tide mark and the brown
weeds between the tide marks. Red weeds grow near
the low tide mark and in small clear pools among the
rocks at higher levels.

Along the high tide mark itsdlf, along cliff or rock faces
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and in rock pools we find the slippery green slime
(Enteromorphaintestinalis) which wavesfine, hairy filaments
when covered by the tide but makes a thick, soft, slimy
mat when the tide is out and is dangerous to walk upon.
In the summer, if it has been left exposed for some time,
it dries to a hard white line. Here too are the thin green
films of the sea-lettuce (Ulva lactuca and U. latissima). [t
grows in pools near the high tide mark and, if the pools
evaporate in the hot sun, it becomes rank and coarse
and of a dark green colour. Between the tide marks
are profuse growths of the seaweeds which we call the
wracks, covering with their dense cushioned groves
every available rock and boulder. They too are arranged
in zones. Just below the high tide mark is a zone a few
inches to a few feet wide, according to the slope of the
beach, which is occupied by the channelled wrack
(Pelvetia canaliculata), olivegreenwiththingrooved fronds
ending in little heart-shaped reproductive organs. From
this zone to low water brown wracks predominate
and this is usually called the fucoid zone because the
weeds mainly belong to the genus Fucus. Below the
channelled wrack there is a belt of the flat wrack (Fucus
platycarpus) with broad smooth fronds without bladders
and then a belt of the knotted wrack (Ascophyllum
nodosum). This is easily distinguished by its very long
slender fronds with single bladders along the middle.
This weed is of especial importance in absorbing
wave shock since its long narrow fronds, often six or
eight feet in length, float out upon the surface of the
water and break the violence of the waves. It requires
a moderate amount of shelter for its best development
and almost always bears small tufts of a stunted red
weed (Polysiphonia fastigatum) growing upon it. These
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two wracks, the smooth and the knotted, occupy a
zone which varies in width from 20 feet to 30 yards
according to the slope of the beach. They are suc-
ceeded by a zone of the bladder wrack (Fucus vesi-
culosa) some 10 feet to 50 yards in extent. This is the
familiar weed with air bladders arranged in pairs or
threes which it is fun to pop when dry. Occasionally
the belt of Fucus vesiculosus occurs higher on the shore
than Ascophyllum. . Next, nearest to the low tide mark,
comes the zone of the notched wrack {Fucus serratus)
with toothed edges to the fronds but no bladders.
This aso occupies a zone from 10 feet to 50 yards wide
and is perhaps the most strongly growing of all the
wracks, dense hospitable groves giving moisture and
shelter to a host of creatures at low tide. Below the low
tide mark the wracks end quite suddenly and give place
to the zone of the ribbon weeds (Laminaria). These are
never exposed except at low water springs and they
extend down to a depth of about twenty-five fathoms
where the growth of seaweeds ends. The ribbon weeds,
whose broad flat bands we hang up to tell the weather,
are the largest of all the seaweeds, but simple and
undifferentiated like all the rest in spite of their great
size. Thelargest of all isthe kelp which growsin such
profusion in southern waters. |t reaches up to the surface
from depths of thirty or forty feet with broad crenellated
bands ten or twelve feet long buoyed up by air bladders.

These zones of Weed are not always present on every
shore for one or more of them may be missing and the
presence of each is dependent on the amount of shelter
the shore provides. One of the wracks (Fucus platycarpus)
does not like sheltered positions but the bladder wrack
cannot stand much exposure. There are also other weeds
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which may be found among them such as the carrag-
heen or I rish moss (Chondrus crispus and Gigartina stellata),
with forked reddish-brown fronds, which grows near the
low tide mark and is collected and eaten on the coast of
Ireland and in the Hebrides. Another red weed, the
dulse {Rhodomenia palmata), with flat fronds, is eaten
on the coast of Scotland and the laver {Porphyra laciniata),
athin filmy weed, red but otherwise rather like a sea
lettuce, is collected and eaten in Wales. In addition
to these we find, in exposed rock pools, the encrusting
corallines, stiff and pink in their skeletons of lime.
In the pools they are small brittle encrustations but
below the low tide mark grows the larger Lithothamnion
forming rounded cushions in situations where the water
is rough, but branching tufts lower down where con-
ditions are quiet. These, in spite of their appearance and
limy consistency, which leads to their being spoken of
as coral banks around our coasts, are nevertheless
seaweeds. In the tropics the Lithothamnion and other
coralline weeds do take part in the formation of coral
reefs forming encrustations over the true corals and
binding the reefs together.

The fauna of the seashore is too various and diverse to
describe in detail. Its colour and beauty have excited
the imagination and wonder of mankind since the time
of Aristotle. Like the plants the animals tend to show a
certain amount of zoning but the grouping, as one might
expect, varies according to the nature of the beach, that
is—according to whether the substratum on which the
animals live is a rocky one or made of sand or of mud.
Each kind of substratum supports its characteristic
association of animals and on these associations a linear
arrangement is to some extent imposed by the amount of
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moisture or exposure to which the animals are suited.
Along the high tide mark, for instance, there is a zone
of animals which live under almost terrestrial conditions
and need no more than the moisture of the sea air for
breathing. Creeping about at dusk in this region, under
flat stones and in crevices, we find the great rock louse
(Ligia), like a very large woodlouse an inch or so in
length. This, it would seem, is a marine animal which
is in process of migrating from the sea to the land and
has almost become terrestrial in habit. At this level too,
in piles of rotting seaweed on a sandy beach, are the
sand-hoppers {Orchestia and Talitrus) whichjump in all
directions when disturbed, flicking themselves for-
ward by a sudden straightening of their flexible backs.
Several kinds of insects live here aso, such as the little
spring-tails which catapult themselves by means of a
specia lever fashioned out of their tails, and a number
of small beetles. But the most beautiful linear zoning of
all the animals on the shore is shown by the little
periwinkles which have already been referred to. One
of these (Littorina neritoides) lives high on the rock faces,
often in positions where it is only covered at high water
springs. Another (L. rudis) lives just below the high water
mark. Another (Z. obtusata) lives between the tide marks
always on the fronds of one of the wrack weeds, while
the larger common winkle (L. littorea) lives along the
low tide mark.

On the whole, if we climb about a rocky shore, we
find that the animals can be arranged in groups accord-
ing to whether they live on rocks, stones or weeds, or
under stones, or in crevices among the rocks. Each of
these situations has its own association of animals which,
within the limits of their own environment, are arranged
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in zones, sometimes quite definite and sometimes diffuse.
For instance, we find the common barnacle, while
scattered everywhere about the shore, flourishing best
in a zone along the high water mark. The dog-whelk
(Purpurea), too, lives in the upper half of the shore,
feeding on barnacles and mussdls. Lower down are the
beautiful banded conical top shells(Gibbulaand Caliostoma). Arounc
flourish best and here too we find small scallops which
jump through the water by clapping their shells together.
Here too are dense growths of encrusting animals often
covering the rock faces with a soft thick carpet of living
things, rounding the jagged outlines with a soft pelt.
Herelive the bottle squirts, bulbous masses which spurt a
steam of water outwards at a touch, and the golden stars
squirts (Botryllus) which cover the rocks with alayer of
firmjelly studded with little yellow stars, each a radial
colony of individuals. Sea-mats cover the rocks and the
fronds of weeds with their gauzy films and everywhere
there is a fur of polyps waving microscopic fingers. In
overhanging and sheltered nooks hang down the little
purse sponges (Grantia compressa), like small soft bags, and
the bread-crumb sponge (Halichondria panicea) spreads
everywhere its soft masses. Here, too, are the goose-
berry squirts and the coloured anemones—such awealth
of lifein fact that every available inch of rock is covered
with living, growing creatures, waging a furious silent
war with one another for their share of those elements of
life—food, light, oxygenandliving space. Indeed we may
say that one of the things we notice most about the rocky
shore is the abundance of life at the level of high and low
tide and its comparative scantiness in between. This is
because conditions are more stable at these two extremes,
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more uniformly terrestrial at high water, more uniformly
marine at low water. Here too the pounding action of
the waves is felt only twice daily—at high and low tide—
while in between it is felt four times—twice on the flow
and twice on the ebb. Certain animals, of course, live
everywhere between the tide marks, like the limpet
which browses on seaweeds, or the little worms {Spirorhis)
which pock mark all the fronds of the seaweeds with their
hard little coiled limy tubes. But the majority of the
population seks the high or low water level where
the waves pound upon the rocks for the shortest time,
the hardier animals that can withstand exposure along
the high tide mark and the more delicate and sensitive
along the low tide mark.

Under stones between the tide marks live a great many
worms, both naked and tube-living. The long bootlace
worm (Lineus) is often found under stones, sometimes tied
into an almost inextricable knot. If it is carefully un-
ravelled in a basin of water—a difficult feat to perform
without breaking the delicate body—it may be stretched
out to a length of severa yards. Many bristle worms may
be found by turning over stones. A common one is the
yellow Cirratulus cirratus which lives in sandy mud
beneath flat stones with only its tentacles showing. It
keeps as much of its body as possible in contact with the
stone and, if placed in a dish of water, will wander
unhappily about the dish, but if a stone is placed in the
dish, immediately hides beneath it. The handsome
iridescent rag worm, Nereis cultrifera, with its bulbous
pharynx, which it extrudes from its mouth like a balloon,
and its rows of bristles projecting laterally along the
body, is found in great numbers under stones near low
tide and is often used as a bait for fishing. Besides the
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many worms there are a great number of crabs that
scuttle away from almost any stone we like to turn over,
such asthefiddler crab (Portunuspuber) and the her mit
crabs. These have a 0ft tail unprotected by a shell and
live in the empty uninhabited houses of molluscs, whelks
or top-shdls, clinging on to the central column of the
spire by means of special claws at the hinder end of the
body. When in due time the hermit crab grows too big
for its houseit forsakes it and scuttles to anew one, but
no force or persuasion can make it leave its house unless
it wishes to. On the slver sands of some coral idands
every square inch of ground is covered with tiny hermit
crabs, inhabiting millions of little shells, so that the sand
semsto be alive with them as you walk. Under stones,
aso near low tide, we find many starfish and sea-urchins,
including the little cushion star (Asterina gibbosa) with
its armsjoined so as almost to form a pentagon.

In nooks and crevices we find many of the animalsjust
mentioned as well as the encrusting ones. There may
a0 be bivalve molluscs (Saxicava and the larger pid-
dock—Phoalas dacfylus) which live in tunnels which they
bore into the rocks. The empty burrows are often
inhabited by a small green worm (Eulaliaviridis). Here,
too, tightly wedged in crevices, are the little oft sea-
cucumbers (Cucumaria), In poolsamong therocks, those
haunts of mystery and still beauty, nearly all these
creatures may be found. Every one knows the sea-
anemones too, open likeflowers, and awaiting a chance
prey or shut apparently in deep. In the deeper pools we
find the beautiful naked sea-dugs (Doris) with filament-
ous gills upon their backs. They are molluscs without
shdls. The odd-looking velvety sea-hare (Aplysia),
with its ear-like tentacles from which it getsits name, is
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a mollusc whose shell is enclosed in folds of flesh. It
is found gliding about in deep pools in the summer
months when it comes inshore to spawn from deeper
water.

A sandy or muddy shore has quite a different popula-
tion from a rocky shore. Most of the animals are bur-
rowers as one might expect, for there is no solid founda-
tion for fixed or encrusting animals. A great number of
burrowing molluscs live at various depths, some quite
near the surface like the cockle, but others much deeper
like the razor shell, which lives at a depth of a foot or so.
There are also a great many burrowing and tube-living
worms. Most of the shallow burrowing animals are
those which live in coarse sand which is continually
being shifted by tidal streams and currents. They run
the alternate risks of being laid bare by the sand and
rolled away by the streams one moment and of being
smothered by shifting masses of sand the next. For this
reason most of them are fairly agile burrowers. They can
cover and uncover themselves quickly like the starfish,
which can sink vertically into the sand in an astonishingly
short time, or the shore crab which buries itself very
quickly by shovelling sand on to its back. Many of them
have ridges or spines or projections which help to
anchor them in the sand, like the blunt teeth on the shell
of the spiny cockle (Cardium aculeatum) or the long back-
wardly directed spines of the heart urchin (Echino-
cardium). A stout globular shell, like that of the cockle or
the clam, helps to withstand the lateral pressure of
shifting sand. Most burrowing animals, however, live
fairly deeply buried and do not move much once they
have settled in their oozy lair. They do not run the risk
of being laid bare but they do have to withstand a

\
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certain amount of lateral pressure. They aso have to
find some method of breathing while firmly buried six
inches or a foot below the surface. The molluscs which
live not very deeply buried have rather stout shells, like
the clam or gaper, but the deeper ones such as the
razor shell (Solen) have quite thin ones because at the
depth at which they live thereis little lateral pressure.
They solve the breathing problem by developing a stout
leathery tube formed by an extension of the fleshy skirt
whichlinestheshell. Intheclam or gaper (Mya truncata)
which lies buried in soft mud, and in the razor shell,
this leathery tube unites two passages for water—one an
entrance and the other an exit—but in the hen shell
{Mya gallina) the two tubes are quite separate. Thus the
burrowing molluscs can lie beneath the surface of the
mud or sand with a breathing tube, like the schnorkel
used by German submarines during the war, opening
to the water above. Therazor shell is an active burrower
and is very difficult to find even by digging for it. The
valves of the shell form a cylinder with the breathing
tube at one end and the muscular foot projecting at the
other. The end of the foot can be expanded to form a
sort of anchor upon which the animal drags itself down
rapidly into the sand if disturbed.

The burrowing and tube-living worms are among the
most beautiful animals of the shore but they are seldom
seen in their true beauty, except in tanks, because, when
the tide is out and the sand uncovered, they retreat into
their homes and nothing can be seen of them. The most
familiar of the burrowing worms is the lugworm
(Arenicola marina), so often used as a bait for fishing. Its
habit is like that of the earthworm. It livesin fine mud
or sand, but deeper than most of the molluscs, and makes
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U-shaped burrows, passng the sand in at one end and
out at the other, just as the earthworm does, by rhythmic
contractions of its body. It extracts decaying organic
material for its food from the sand which it passs
through the intestine and, when the tide is out, the usad
sand piles up as the familiar cag at the tail end of the
burrow. The head of the worm, with its delicate bushy
ofll filaments, lies at the bottom of the U. The tere-
bellid worms build tubes of sand or mud or bits of shell
bound together with mucus and live insde them with
their long feathery tentacles protruding when the mud
is covered, but withdrawn when the tide is out. The
serpulid worms protrude from their tubes a beautiful
fan-shaped crown of tentacles which makes them look
more like flowersthan worms. All these need very calm
estuaries and backwaters where the fine mud can sdtle
gently and, at the least touch, they fold up their fans and
dip back into their tubes. Where rocks run out into the
sand the reef-building worms (Sabellidae) build their
honeycombs of hardened sand in each cell of which lives
a worm, exposing its crown of delicate tentacles when
the reef is covered.

The bitter struggle which islife on the seashore has led
the inhabitants to adopt a great variety of spawning
habits. A large number of them, barnacles, sea-urchins
and musels simply shed their eggs and sperm into the
water at the same time and the egg,thus haphazardly
fertilized, grows up into a larva which is quite unlike
the grown animal and which, after a youth spent as a
member of the temporary plankton, sdtles down in
middle or late summer, ifit can find a suitable foothold,
and assumes the adult shape. This method of reproduc-
tion involves many and serious risks, for even if the egg
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succeeds in becoming fertilized it, or the larvait becomes,
may be swept out to sea, or eaten by one of its innumer-
able enemies or, finally, may fail to find a suitable place
to settle on. The fecundity of all animals that use this
method of reproduction is therefore enormous, along
the shore just as in the open ocean. The American
oyster produces 115,000,000 eggs at each yearly spawn-
ing and one of the sea-hares (Tethys) 500,000,000. But
from this free and careless method of spawning, in which
both egg and young are abandoned to their fate in the
water, there are gradations of parental care for the egg
and for the young up to the production of complete and
perfect young from inside the mother's body, such as we
e in some of the rock fish (the blenny, goarces viviparus).
Nothing, in fact, could illustrate better the transitional
character of the seashore than the wide range of methods
of caring for the young which is often found in closely
related animals. For instance, we find that the peri-
winkle (Littorinalittorea), whichlivesalong the low water
mark, deposits its eggs in little unattached capsules, each
shaped like a tin helmet and containing one egg. The
free floating larva hatches out in quite an early stage.
But the periwinkle which lives higher up the shore (L.
obtusata) laysitseggsin afilm of jelly on the fronds of the
wrack weed. Because of the greater risks to a delicate
free larva between the tide marks the eggs do not hatch
out until the embryo has reached a considerably more
advanced stage. The periwinkle that lives above the
high tide mark (L. neritoides), on the other hand, pro-
duces small but perfect young from the body of the
mother. Thus the mode of life and nature of the animal's
surroundings impress themselves on its life history.
Again, the shore crabs, which leave the shore to spawn
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in rather deeper water below the low tide mark in late
summer, have a normal life cycle which involves six
larval stages. The early stage is known as the zoaea
(Fig.7b)—a tiny hooded creature with a spine on its
back which serves the double purpose of increasing the
surface area and of discouraging enemies who might be
tempted to swallow it. Thisis followed by a number of
further stages during which the larva becomes more
advanced in structure and then comes a stage known as
the megalopa—which means 'big eyes. It has a pair of
relatively enormous eyes and a definitely crab-like
appearance except that the hinder part of the body is
not curved underneath the fore part. The megalopa
changes into the adult form. But in the shrimps and
prawns, which do not seek the safety of the deeper water
during spawning, the zoaea stages are skipped and the
larva hatches in a very late stage resembling the grown
form. Sometimes, again, the actual spawning time of
an animal may undergo adjustment and alteration if
conditions are unfavourable for spawning at the normal
time. In the Mediterranean, for instance, some of the
harbours and creeks become stagnant and putrid in the
heat of summer. They are inhabited by animals which
mostly reproduce in the winter and early spring.

Shore animals have adopted many different methods
of protecting and caring for the egg itself. Many of the
rock-fish guard their eggs, like the gunnel (Centronotus
gunnellus) which lies curled around its masss of eggs
under stones until they hatch, or like the lumpsucker
(Cyclopterus) in which the male fish stands guard over the
eggs. Most of the shore-living Crustacea, too, carry their
eggs about with them and crabs or lobsters in berry are
a common enough sight in the summer. The masses of
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eggs are attached to the legs beneath the hinder tail part
of the body by means of a sticky substance. As a general
rule, hoWever, shore animals do not themselves protect
their eggs If they do not simply shed them into the
water they deposit them somewhere, on rocks or on weed,
either attached to the substratum or dse protected by
some sort of capsule or casing. Any wanderer about the
foreshore has seen along the high tide mark the dead egg
capsules of the common whelk or buckie (Buccinum
undatum). They resemble large rattling mases of sago
pudding. The egg masss of the dog whelk (Purpurea) are
common enough too. You may find masss of them in
sheltered crannies among the rocks, each capsule like a
pinkish grain of wheat attached by a short stalk at one
end. And in poolstherearethe coiled gelatinous ribbons,
containing hundreds of thousands of eggs laid by the
sea-dug.

In their battle for existence and for living gace the
inhabitants of the shore enter into every kind of associa-
tion with one ancother. These range in their effect from
the kind of association in which animals merely live
together as neighbours, sharing the same laminaria root
or the same chink among the rocks, up to true parasitism
such as we se in the crabs infested by the weird sac-like
barnacle parasite Sacculina (Fig. 8). In between these
extremes there are many degrees of intimacy of associa-
tion and morethan one are often found together within
a single group or association of several animals. A musH
bed forms a good and simple example. The musds
grow on top of one another so thickly that eventually the
lower ones are suffocated by those above. Little green
pea crabs (Pinnotheres) live in the mussd shells, robbing
the musHs of their food and gaining shelter. On the



THE SEASHORE- 125

muss shdls may be found a great many creatures, like
the little worm Spirorbis in its tube of lime or polyps,
sea-mats or other encrusting animals, not to mention
the tufty growths of the sea-lettuce (Ulva) that find a
foothold there. All fixed and dow moving animals are
liable to be settled upon by the larvae of others and by
the spores of ssaweeds. Hence it comes about that crabs
often trail around a little forest of growing things upon
their backs which they can only get rid of when they cast
their sins Sometimes such growths are useful to the
crab and help to hide it in the bushy glooms where it
lives. The spider crab (Inachus) is even believed to place
pieces of weed and polyp colonies on its back in order
that they may take hold there. If this is the cae then
thisis more than a mere casual association, for both the
crab and its vegetable or polyp partner derive some
benefit from it—the crab gains concealment and the
weed or polyp the advantage of being continually
carried about. This s, in fact, what is known as com-
mensalism—a partnership for mutual benefit. The
seashore can show many much more elaborate instances
of this than the crab with its trailing growths. The
classcal example is that of the hermit crab (Eupagurus
prideauxi) which lives in the empty shel of the whelk.
On the shell grows an anemone (Adamsia palliata) which
conceals the crab and, as a reward, is fed with scraps
which do not fall but rise from therich man's table. An
even more curious mutually beneficial partnership is
that between thelittle tropical crab {Melia tesselata) and
the anemones which it carries about in its claws. It
holds them out fully expanded, pushes them forward as
weapons when attacked, so as to bring their batteries of
stinging cdls into action in its defence, and takes food
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out of their mouths. The crab's claws are specialy
modified for this purpose and are unable to fulfil any
other function. The advantages of this arrangement to
the crab are obvious enough and the anemones, one
must suppose, gain a mobility they would not normally
posess to compensate for the loss of part of their food.
From this kind of association for mutual benefit, which
is not much more than active or passive neighbourliness,
the next step is to a more intimate form of partnership
altogether in which two distinct living beings, it may be
totally unrelated, enter into aclose physiological relation-
ship with one another. Thiskind of intimate relation-
ship, which is not merely of mutual benefit but essential
to the existence of each partner, is known as symbiosis—
literally, life together. There are many examples of it
on the seashore. Many sponges, hydroids, anemones,
corals and flat-worms contain microscopic green or
yellow plant cells, the Zoochlorellae and Zooxanthellae,
which live in their tissues. Neither the animal nor the
plant can live apart. The animal benefits from the
products of the photosynthesis of the plants and the
plants from the waste products of the animal. The best
known case of symbiosis on the seashore is that of the
little flat-worm Convoluta, which lives on sandy shores on
the coast of Brittany. It isalittle bright green worm a
few millimetres in length and it appears in brilliant
green patches on the sand as the tide retreats. Just
before the tide returns, the Gonvoluta sinks into the sand
again. This regular habit and the bright green colour
are due to the presence in the tissues of the worm of
great numbers of single green plant cells which livejust
below the surface of the skin. The worm does not start
life with these green partners but soon after the egg
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begins to develop it becomes infected with them and, if
prevented from doing o, it fails to develop and dies. In
early life, too, the worm can feed like other flat-worms
on diatoms, spores and microscopic debris, and has a
mouth and a digestive canal for the purpose. These
later degenerate for the wormfindsit easier to live on the
starch produced by the photosynthesis of its zoochlorel-
lae. In order that this photosynthesis may go on in its
body the animal must expose itself to the sun and so it
lies on the sand all the hours that the tide is out. But it
must sink into the sand as the tide comes in again in
order not to be washed away.

There are, however, on the seashore, as in every other
realm of life, many associations in which one member
definitely preys on the other and gains a living at its
expense though seldom, for obvious reasons, to its
destruction. These are the casss of true parasitism and
for the parasite to destroy its host is to destroy itself.
Therefore, although the host is aways sickly and in
poor condition on account of the presence of its unwel-
come guest, it seldom dies because of it. Parasitism may
range from an association involving a mere juxtaposi-
tion, in which one member benefits at the expense of
another, to an intimate physiological relationship.
In extreme cases, the parasite degenerates, losing all
shape, all sense organs, all power of locomotion and may
become merely a digestive and reproductive system
inside but alien to the host. The little pea crab illus-
trates the first kind of parasitism for it lives in the shell
of the edible mussel, sitting on the curtain-like gills and
scooping up into its mouth the threads of mucus and the
food particles they normally carry to the mussel. Here
the pea crab definitely robs the mussel of food and gains
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shelter from its shell but does the mussd no other harm.
But the sac-like barnacle parasite Sacculina (Fig. 8) of
the common shore crab is a very different affair. Many
of the shore crabs found in late summer have a ft bag
of tissue hanging under the body, between the small tail

F1G. 8. Crabinfected with the Sacculina parasite (X).

of the crab and the broad thorax. The bag is nothing
more nor less than a barnacle, no matter how little it
may look like one. It begins life as a nauplius larva
which subsequently becomes a little bivalved larva (the
cypris stage) just as a barnacle does. The cypris stage
attaches itself to the base of a bristle on some suitable
and vulnerable part of the crab's body. It penetrates
the soft skin at the base of the bristle by means of a
special boring organ, cads off its legs and gets into the
crab's blood stream. It reaches the underside of the
crab's intestine and from there sends out branching roots
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into every part of the hot's body. It grows larger and
larger, pressing againg the underside of the body wail.
When the crab next moults the parasite pushes its way
through the soft skin and appears on the outside as a bag,
like a tumour, consgting soldy of a sac which contains
the reproductive cdls. The barnacle has now no organs
except this sac of reproductive cdls and the ramifying
roots that absorb nourishment from every part of the
body of the crab. It has no other shape but this and no
powers of movement, no sne organs. From the time
that the parasite appears on the outsde of its body the
crab never moults. It becomes duggish and inactive
and all its food goes to nourish the intruder which may
live for three or four years. But the mogt astonishing
feature of this extreme case of parasitism is the fact that
male crabs change their sx and become female as a
result of it. They change their shape, developing a
broader tail and smaller claws and sometimes even
producing eggs But female crabs thus afflicted do not
become males. The theory is that the duggish sedentary
habits that the parasite imposes on the male crab, owing
to lack of nourishment, induce this change of s, the
roots of the barnacle affecting the physiology and life
proceses of the crab in the same way that an ovary
normally would.

There are many other examples of parasitism, more
or les extreme, to be found on the shore. Various
copepods, which resemble copepods in their final
gtages hardly more than the Sacculina resembles a bar n-
acle, inflict themsdves upon fish and upon sea-dugs
Some of thexe are the fish lice which attach themseves
to the gills or to the soft skin around the eyes of fishes or
cling to the outside skin of the body. The females are
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often more extreme in their degeneration of form than
the males. They may be more like worms than Crustacea
and carry very small males attached to their degenerate
and misshapen bodies. Some (Lernaea) consist of little
more than a bag of reproductive cells. Others cling to
the fish by means of suckers and can move about over
the skin.

All these are the freakish results of an intense struggle
for existence in which food is the most important and
pressing consideration. The next most important is
living space, which is a function of the available food
supply, and this again largely determines the vast variety
and ingenuity of methods of reproduction on the sea
shore. The same bitter struggle and fierce competition
for the necessities of life has led to a great diversity of
methods of attack and defence, methods of concealment,
warning and protective coloration with which there is
no space to deal here. We must leave this battle ground
between the sea and theland,withits exquisite balances
and adjustments, its profligate waste, its eternal death
and decay and constant renewal, and move farther out
beyond the last line of rollers where the ribbon weeds
lift up in the green walls their strands like mermaids'
hair, to a world darker and more still and even more
mysterious.



CHAPTER VI
THE CONTINENTAL SHELF

Conditions of life in the shallow water zone—The

benthos—Sponges—False corals—True corals and

coral forming organisms—Coral reefs—Fringing

reefs, barrier reefsand atolls—Theories of reef forma-

tion—Darwin, Murray and Daly—The Funafuti

boring—Echinoderms—Distribution of the fauna of
the shallow-water zone.

THE ZONE of shallow water extends from the level of the
lowest springs to the hundred fathom line, whichMurray
called the mud line because, roughly, it marks the limit
of the coarser sediments washed down from the land.
Very approximately, too, this line is taken to mark the
edge of the continental shelf where it steepens into the
continental slope. Itisazonewith specia characteristics
for, as already described, it is the neritic zone where the
s is enriched by salts washed out of the coastal rocks or
carried down by rivers, where salinities and densities
fluctuate because of the addition of fresh water, and
where the light of day penetrates down to the bottom.
Nevertheless the conditions of life in it are more stable
than they are in the tidal zone and changes in tempera-
ture and salinity are less abrupt and smaller in range. It
is a zone, too, where water wells up from below against
the continental slope so that a constant renewal of
nutrient salts goes on. Because of this its plant life, both
fixed and floating, both the seaweeds and the plant
plankton, is richer than it is out at sea It supports a
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large and varied animal plankton, both permanent and
temporary, different from that of the open ocean and it
is the home of an immense and varied benthos popula-
tion. From the low tide mark out to the contiriental
edge or mud line the bottom gradually passes from coarse
sand and rocks to fine sand and then to the finest muds.
It shows a more or les definite linear grading from the
laminarian zone to the continental edge, from the stones
and gravel to the mud. The nature of the ground
determines the kind of bottom-living population in the
shallow water zone as much as it does between the tide
marks, for each type of bottom has its own fauna and, as
a result, there is a certain amount of linear zoning of
living things below the low tide mark as above it.
Further, animals seem to be extremely sdective with
regard to the kind of bottom they live upon. This is
easy enough to understand in many cases It is obvious
that an animal adapted for burrowing in mud, like the
sea-cucumber {Holothuria), will choose that type of
ground, or the masked crab (Corystes), which lives
in sand with its antennae projecting so as to form a
breathing tube, will obvioudy choose a fine clean
expanse of sand not often disturbed. But many animals
seem to exercise a degree of choice which is les easy
to understand. The Norwegian lobster {Nephrops nor-
vegicus) lives on mud in many parts of the Irish Sea, but
seldom ventures on to the neighbouring sandy patches.
The circular crab (Atelecyclus), on the other hand, is
found neither on sand nor on mud but on coarse sandy
gravel. Much les is known about the habits of the
animals that live on the continental shelf than about
those of shore animals. The former can only be seen
when they are scooped up in a dredge, wrenched from
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their still depths, torn up, as it were, by the roots;
whereas the latter can be studied in their homes. When
moreisknown about themitwill nodoubt befound that
their choice of bottom depends on their food, their
burrowing powers and their method of breathing.
There is, of course, a great deal of overlap and there are
many animals that are more or less indiscriminate in
their choice of ground, like the bristle worms which are
abundant almost everywhere in salt water, or the sea
urchins and starfish which are found on almost every
kind of bottom.

The bottom of the shallow water zone provides every
kind of substratum for the temporary plankton to settle
upon or for the adults to creep over or burrow into.
Hence the great richness and variety of the benthos.
The conditions of life are quiet and still, free from the
wash of waves and fast moving currents, so that in
additionto all the animalsthat can be found between the
tide marks, many of which, like the anemones, achieve
great size and profusion, there are also abundant growths
of fragile branching things like corallines, seafans and
dead men's fingers. Great sponges and squirts also
form thick masss on the bottom. The seamats form
their brittle trellises and the lamp shells grow in clusters
like large grapes. All these in turn provide shelter for
innumerable creeping things, molluscs, Crustacea and
worms. The oozy mud is a home for molluscs, like the
clam and thewhelk and the heavy black Cyprinaislandica,
and for bristle worms and tube-living worms of many
kinds. Thetube-livingworms particularly reach agreat
size and matchless beauty, holding out their feathery
whorls in the dim twilight. Lobsters, spider crabs,
fantastic Crustacea like the glass prawns (Galatheidae)
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and the mantis shrimp (Squilla) and octopuses live among
the rocks.

Thisvaried bottomliving population thins out beyond
the continental edge. This is not because the water
becomes too deep or too dark or too cold, or because the
pressure becomes too great, for none of these conditions
prohibits life. It is because in the deeper water beyond
the continental shelf the dead bodies of plants and
animals, raining down from the plankton above, only
reach the bottom as skeletons or empty shells. All the
tissue has been dissolved out of them long before they
reach the end of their downward journey. On the
continental shelf, however, the decaying tissue in the
rain of falling bodies continually manures the sand and
mud of the bottom. The death and decay of the benthos
populationitself contributesto thiscontinual fertilization
of the ground. Burrowing molluscs and worms churn
up the fine sediments and pass them through their
bodies, reducing them to an ever finer and finer state,
so that they form organic food material for bottom-
living animals. But more than this, the bottom beyond
the continental shelf is too soft and impalpable for any
but very specially adapted creatures to live onit. There
is, indeed, some life even in the very deepest waters of
the ocean but, as we shall see later, it is of a special kind
and sparse in amount. Life is a self-renewing process and
the abundance of life in the shallow water zone is both
the direct cause and the result of its own profusion, for
the death of millions provides food for the millions of the
living. The plant and animal life, decaying and excret-
ing in the shallow water zone and along the shores, both
enriches the water with nutrient salts and, more directly,
provides food for bottom-living animals.
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The abundance of the benthos on the continental shelf
makes it the region of the richest fishing grounds. It is,
in fact, the principal home of the nekton, and here live
the food fishes which, from the point of view of the
health, wealth and happiness of mankind, are the most
important of all the living communities of the sea. Yet
before we deal with them we must say something of the
more humble forms of life upon the continental shelf.

In the tidal zone we found small encrusting sponges
clinging to the rocks such as the bread crumb sponge
(Halichondria panicea) or the little purse sponge (Grantia
compressa). But below the low tide mark the sponges
reach a much larger size and form amorphous growths
or strange and beautiful shapes. Curiously enough the
sponges are quite definitely animal in their organization,
though they are indeed among the simplest and lowliest
forms of animal life. The simplest kind of sponge con-
ssts of a hollow vase moored to a rock or seaweed by
one end (Fig. 9). The wall of the vase is lined by cells,
each with a stiff collar of protoplasm directed into the
cavity of the vase. From the centre of each collar a
whip-like thread agitates ceaselessly, drawing in water
through innumerable holes in thewall and driving it out
through the mouth of the vase. The célls are, to a con-
siderable extent, independent of each other and if the
sponge is chopped up into fragments the separate pieces,
no matter how small, can reconstitute themselves into a
new and perfect sponge. The outside of the wall has a
flat layer of cells forming a skin and, between this outer
layer and the inner one of collar cells, is a clear jelly in
which needles of lime or silica are embedded. In the
jelly irregular cells wander about quite independently
and, in the summer, they enlarge to form eggs or divide

K
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to form motile sperms. There are, however, many
elaborations of this simple pattern. In some the vasss
bud off others and thesejoin and ramify so as to form a
complicated system. In others, again, the wall of the
vase may be reduplicated so that the inner collar cells
are enclosed in chambers which communicate with the

FIG. 9. (a) The Olynthus stage in the development of a
calcareous sponge, illustrating the simplest type of sponge.
(b?1 Section of amore complicated type of nge showmgt
inhalant canas (A) and theflagellatechan s (B), &c.

outside and with the main cavity of the vase by means of
a complex system of canals (Fig. 9). The water then
flows gently in at the smaller inhalent openings in the
wall of the sponge and more strongly out at the larger
exhalent ones. In the bath sponge the system is exceed-
ingly complicated but, in general, the small holes are
the inhalent pores, which in life draw the water inwards,
and the larger holes are the exhalent pores by which the
water flows out. Most sponges have a skeleton which,
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in the bath sponges, is made of a fibrous horny substance
called spongin. It fills all the substance of thejelly wall
and, when the living sponge is first brought up from its
home on the bottom, the skeleton of fibresis covered with
the black dimy living tissue of the outer layer of skin
cels, which must be dried off. But a far greater number
of gponges have a skeleton made of beautiful and com-
plicated spicules of lime or silica embedded in the jelly.
They vary in shape from little straight needles to stars
with three, four or six rays, or they may have the shapes
of hooksor anchors.

The bath sponges live mostly in the Mediterranean,
epecially in the Eastern half, off the coast of Florida
and off the Bahamas. But very many sponges are
found all over the world from the high tide mark
down to the greatest depths. On the shores the en-
crusting bread crumb sponge has a skeleton consisting
of spongin fibres together with needles of slica while
the little purse sponge is of a smpler type and con-
ggs of a little perforated vase hanging by a stalk.
But in deep still water the gponges assume beautiful and
fantastic shapes, like urns or baskets or amphora,
incredibly delicate and lovely, made of fine interlocking
needles and hairs of glass. The deep sea glass sponge
(Pheronema), which comes from deep water beyond the
mud line, is an oval basket woven of fine needles and at
one end of it is agreat cushion of matted glass hair—
all very difficult and painful to handle for it leaves
thousands of its broken spicules behind in your
hands.

The rocky or sony bottoms of the shallow water
zone are covered with tree-like branching growths, the
red seafans with an intricate lace-work of calcareous
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branches all spread in one plane like a fan, or the white
bulbous dead men's fingers. All over their branches
they bear thousands of delicate polyps like anemones.
They are, in fact, colonial anemones based on a common
skeleton, which is made of lime in the sea-fans, but of a
spongy matrix containing a mass of delicate spicules of
lime in the dead men's fingers. In both sorts of colony
the skeleton is covered by a film of flesh which unites
the basss of the tentacled polyps so that, when the growth
first comes up in the trawl, it is smooth and slimy. It is
smooth also because the tentacles are withdrawn into
pockets and only when they are covered in still water do
they expand like flowers all over the branches of their
sony tree.

These are the fase corals—so called because they do
not form regfs in temperate latitudes but cover many
square miles of the continental shelf with their dtiff
undergrowth. Thered precious coral, from which neck-
laces are made, lives in the M editerranean and is more
nearly related to the sea-fans of our waters than to the
true corals of the reefs and atolls.

In shallow seas around our coasts there lives among
the rocks a single true coral (Caryophyllia)—a little
solitary anemone which secretes round itself a calcareous
cup about half an inch in height. The stony skeleton
penetrates into the polyp so as to form thin sheds
supporting the many partitions which almost, but not
quite, completely divide the body cavity. The true
stony corals,theM adreporaria, which build up thelargest
part of the coral reefs of the tropics, are the same as this
little solitary form but multiplied many millions of times
by the repeated division and re-division of the original
polyp in its cup. As the new polyps form, the old ones die
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and great mases of limestone accumulate, growing out-
wards but never upwards just below sealevel In this
way ribbons of coral rock are formed along the tropical
coasts, like rings round islands or as those ring-shaped,
palm-fringed atolls, enclosing lagoons, which are the
enchanted gardens of the Pacific.

The Madreporaria, or true corals, however, are not the
only creatures that build coral reefs. A very common
formisthestinging coral {Millepora) in which each polyp
is surrounded by a circle of little stinging tentacles,
modified polyps, whose function is to capture and
paralyse minute prey for the larger central polyps to
devour. The Milleporamakeathick skeleton of lime and
the polyps project through minute apertures in its outer
surface. They increase by continual branching and
budding but they also show alternation of generations,
giving off clouds of littlecircular swimming bells bearing
€ggs and sperm.

Severa of the fdse corals, related to our seafans, are
important builders of coral reefs. One of these is the
bright red organ pipe coral. The green polyps of this
lovely form live in cylindrical tubes. Each polyp grows
vertically upwards and, when its cylinder reaches a
certain length, it secretes a horizontal plate across the
tube at its base and thus sedls of f an empty compartment
below itself. It then grows upwards again and, in due
course, seds off another compartment until the whole
colony comes to resemble the vertical pipes of an organ
divided by regular horizontal partitions, like the floors
of a skyscraper building, with the green tentacled polyps
occupying the top floor.

Many calcareous plants aso take part in the formation
of reefs, forming encrustations on masses of dead coral
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or on rocks, binding the whole mass together. These are
theNullipor a, of which theLithothamnion, known to us
from our own continental shdf, isthe commonest. There
is also the green calcareous plant Halimeda, which grows
all over the reefs and has fronds made of calcareous discs
with limy joints. In addition the whole mass may be
bound together by crystalline carbonate of lime, dolo-
mite, deposited out of solution by the sea water.

The corals are exceedingly senstive to the conditions
under which they live. They cannot stand temperatures
lower than 68° F. and are therefore restricted to a
tropical belt between 25°N. and S. latitude. For the
same reason, and owing to the temperature distribution
in the oceans, most of the coral redfs are found on the
western sdes of the ocean basns. The polyps feed by
ingesting small plants and animals which they capture
with their tentacles. They must live, therefore, in water
which is in motion. But many of them have added
another and stranger mode of feeding to this. Nearly
all corals, but some more than others, live in symbioss
with little single-celled green plants which inhabit their
tissues, especially around the mouth and tentacles, and
are often numerous enough to give the polyp a green
colour. If, for any reason, its normal food becomes
short, the polyp extrudes these plant cdls into its body
cavity and feeds on them. In some corals, indeed, the
polyps depend absolutely on these plants, which block
up the stomach cavity with their green mases so that
the polyps are no longer able to feed in the ordinary way
at all. It seams that corals which have these plant cdls
in their tisues cannot live without them and, for this
reason, are obliged to livein shallow water, within about
thirty fathoms, wher e bright sunlight illuminesthe water
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so that their plant guests can carry on their essentia
photosynthesis. There are, however, corals which live at
greater depths than this but these do not have the green
plants in their tissues.

The action of waves has a very great effect in shaping
the growth of corals. In calm water they form beautiful
branching growths like the stag's horn coral, which
resembles the antlers of a deer as its name implies. But
violent wave action, by continually breaking off the tips
of the growing branches, gives to the massss a rounded
outline like a much clipped hedge. Sediment, too, plays
a very important part in shaping them. The lower
polyps in a coral mass are sooner or later killed by silt
raining down upon them from the growth above and, in
large rounded masses, the central polyps are suffocated
by gathering sediment while those outside go on growing
so that the cushion becomes a flattened plate with
irregular edges of growing coral. The cora masss
themselves are all the time being broken down into fine
sand and rubble. Waves break off pieces and throw
them on to the top of the reef. A continual rain of debris
rolls down the dopes of the reef into deeper water and
countless animals,boring molluscs and fish with parrot-
like besks (Scaridae), break up the coral rock. Great
sea-cucumbers a foot or so in length swallow the rock
and reduce it to sand within their bodies, throwing up
casts like those of the lugworm.

At first sight a coral reef seems uninteresting enough—
a mere greyish expanse of gnarled dead-looking coral
rocks shading into fine white sand. But in the deeper
channels and pools, and on the seaward dopes of the
reef, there is a world of colour and fantasy where the
living corals open their hearts to the clear light. The
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prevailing tints of corals are yellowish, pinkish brown
and rose pink with here and there a note of contrasting
brilliance. The polyps themselves may be of many
colours, green or yellow, violet, pink or white. Among
the corals, shods of brilliant blue and yellow fish weave
in and out. The giant anemone (Soichactis), with
Prussian blue tentacles, the red and purple crabs
(Trapezia) and many other animals with contrasting
and dazzling colours make the region of living coras
one of unimaginable delicacy and beauty.

There are three types of coral reef. The first type is
the fringing reef which lies just off the main shore,
separated from it by a narrow and shallow lagoon. The
second is the barrier reef, which lies at a much greater
distance from the coast. It may be several miles wide
with innumerable channels through it, with shallow
lagoons and here and there a wide steamer passage. A
wide channel safely navigable by ships separates the
barrier reef from the coast of the mainland. The most
famous reef of this sort is the Great Barrier Reef of
Australia, which is over a thousand miles long from New
Guinea to about two-thirds the length of the coast of
Queensland, from 9°S. t0 22° S. latitude. Initsnorthern
half the barrier may not be much more than twenty or
thirty miles from the coast but in its southern half, off
the Queensland coadt, it is as much as fifty or a hundred
miles from the mainland and consists of several parallel
reefs with channels between them. The third kind of
reef is the atoll, aring of growing corals, crowned with
palm trees, often hundreds of miles from any true land
and rising abruptly from thousands of fathoms. In the
middle of the broken cora ring lies a lagoon fifty to
seventy fathoms deep. As you approach the atoll from
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the sea the palm trees sometimes appear to be standing
in the water and it seems miraculous that the white
rollers do not run right over the silver strip with its
narrow green band into the still lagoon it encloses.

The formation of the fringing reef is fairly easily
explained, but how the barrier and the atoll come to be
formed still remains something of a mystery and a subject
for discussion. To explain the fringing reef (Fig. 10) we
must suppose that at some time in past ages the coastline
had no corals growing on it. They established themselves
along the thirty fathom line and grew upwards and out-
wards. Upward growth, however, ceased when the reef
reached the low tide level because coral polyps cannot
stand long exposure, but outward growth continued,
carrying the line of living coral away from the coast. As
the reef grew the sea would be continually breaking
pieces off and throwing them up on top of the reef where
they would become broken down into sand. At length
vegetation, borne thither by seeds carried by birds and
floating wood, would grow and bind the coral rocks
together and form a subsoil by its decay. Pieces broken
off above, too, would be continually rolling down the
steep slope to seaward, together with silt and debris, and
this would eventually make a foundation on the bottom
for the further outward growth of the reef. The greatest
growth takes place near the surface and decreases steadily
to the thirty fathom line, ceasing below that. The slope
of the outer face of the reef, therefore, steepens slowly as
growth goes on until at last it becomes a precipitous
underwater cliff, starred with its myriad polyps like
daisies in the bright sunlight just below the surface.
Meanwhile a shallow trough is formed behind the reef
between it and the coast. The formation of the lagpon
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between the coast and the reef is still not fully under-
stood but it isthought that it may be caused, in part, by
the disintegration of therock by animals, by the scouring
action of the waves rushing through or over the reef
and by direct solution of the rock by sea water. None
of these explanations, however, ssems quite adequate at
present. As the reef grows away from the shore the
lagoon receives the debris washed away both from the
reef and from the coast and brought down by riversfrom
the mainland so that in time it comes to have a flat
bottom of silt. If the lagoon is deep and clear enough
the corals begin to grow again on the inner side of the
reef and so narrow down thelagoon or even fill it up.

The formation of barrier redfs and atolls has been a
subject for dispute snce Darwin first put forward his
classical theory based on his observations during the
voyage of the Beagle, Darwin'stheory is extraordinarily
simple. It implies that over the whole extent of the coral
sms the sea floor and the projecting land have been
dowly subsiding for many millions of years. This
gradual sinking has been either continuous or by stages
but its rate must have been dower than the rate of up-
ward growth of the corals. As the land sank, fringing
reefs based on it grew continuously upwards and out-
wards (Fig. loa) and were converted into barrier reefs,
sothat finally, around sinking idands, only a coral ring,
based on a submarine peak, remained to show where
an island once had been.

At the end of the last century and the beginning of
this, one serious objection to Darwin'stheory was raised.
It was thought that the mere existence of atolls was in-
sufficient evidence, by itsdf, for such widespread sinking
of theland as the theory implied. Indeed it seemed that
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in some areas coral reefs had actually been raised up as,
for instance, in the Pelew Islands where there are coral
reefs which seem to have been lifted some 400 to 500 feet.
There are places, too, where fringing and barrier reefs
and atolls all exist together. Accordingly Sir John
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FIG. 1o. Formation of atoll and barrier reef, (a) Accordin
to Darwin's theory, by subsistence. AA, sea-leve of island,
withfringing reefin black, A'A’, the same after subsdence—
island with barrier reef shaded; A"A", the same after the
island hes been submerged—atoll reef dotted. The vertical
scde is many times the horizontal scae, (b) According to
Murray'stheory. A, original mound; B1-B4, building up of
same by remains of degp-sea animals, by pelagic deposit, and
by reef organisms at sea-level, C1-C3, outward extension by
accumulation of talus and other materials on the dopes and
further growth of reef organisms; hollowing out of the surface
by solution and removal of mud in suspension.
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Murray put forward an alternative theory. Hisideawas
that the barrier reefs resulted from the continuous out-
ward growth of the fringing reefs, spreading outwards on
the foundation of their own rubble, while the lagoons
were enlarged by the solution of the coral rock. Atolls,
he thought, were crowns of coral based on submarine
peaks (Fig. 10b). These peaks, he realized, could not
necessarily all be of the same height but those which did
not rise to a height sufficient for coral growth would be
raised to the appropriate level by submarine deposits
laid down on their summits. On the other hand, those
which had risen beyond the coral level had been cut
down by the action of waves. The lagoons, again, had
been hollowed out by solution of the inner part of the
coral crown. This theory gained a wide acceptance but
there are, nevertheless, many objections to it. In the
first place all atolls descend very steeply on their seaward
faces to depths of thousands of fathoms and it is difficult
to see how submarine deposits could ever have been laid
down on a base at such a steep angle. Furthermore,
seawater hasin fact only quite a small dissolving action
and it seems unlikely that the lagoons, could have been
formed by solution either behind reefs or in the middle
of atolls. If, again, the dissolving action of the sea water
were sufficient to hollow out lagoons, surely it would also
be sufficient to dissolve away the deposits which were
supposed to build up the submarine banks on which the
atolls grew. The lagoons behind the fringing reefs
would more probably be filled up by silt brought down
by rivers from the land, or broken of f the reef, faster than
they could be hollowed out by solution.

The great Alexander Agassiz suggested that barrier
reefs had grown up on platforms cut down by wave
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action along the coads of continents and around idands
This, he supposed, would account for the fact that all
lagoons have a uniformly flat bottom.

Professor Daly of Harvard, in 1915, advanced a still
more ingenious and totally different theory, known as
the theory of glacial control. He supposed that all
modern coral regfs had been formed since the Pleistocene,
that is, the mogt recent, ice age. At that time vast fidds
of ice were formed in the northern and southern hemi-
pheres, so that enormous volumes of water were locked
away asice and, as a result, the general level of the ocean
sank some thirty or forty fathoms. There was a0 a
lowering of the temperature of the sa over the whole
world so that large areas of the coral sas became too
cold for the growth of corals. Many coral redfs there-
fore, died during the Pleistocene ice age either by ex-
posure on account of the lowering of the sea level or
through the drop in the temperature of the sea water.
The new sa level then cut platforms or benches along
the coags and around idands. When the ice age came
to an end and the ice melted the sa level rose again,
submerging these newly cut benches and platforms again
to a depth of thirty or forty fathoms. On the seaward
edges of these the corals established themsdves anew by
the proliferation of those that had not been killed, thus
building up fringing redfs, where the submerged plat-
formswere narrow, and barriers, where they were broad.
Atolls would be formed on the tops of peaks cut down
during the ice age. This theory would account for the
flatness of the bottoms of the lagoons and it was
argued that it would also account for the fact that all
lagoons, both behind reefs and in the middle of atolls,
are of approximately the same depth. However, it has
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since been shown that there is as a matter of fact, quite
a wide variation in the depths of lagoons in different
places, between 50 and 100 fathoms.

At the end of the last century the discusson centred
round the theories of Darwin and Murray. Many
naturalists and geologists supported Darwin's theory,
involving large scale sinking of the land, while many
others supported Murray'sidea of regfs growing on stable
foundations. Finally it was decided that the only way to
settle the question was to make a boring through a coral
reef. |f Darwin's theory were correct, then a boring of
several hundred feet would fail to reveal any rock base
beneath the coral, but if Murray's theory were correct,
then somewhere about thirty or forty fathoms down the
boring should strike a rock foundation. Accordingly in
1896 an expedition, sponsored by the Royal Society and
headed by Professor Sir Edgworth David and Professor
Sottas, went to the Pacific and made a boring on the atoll
of Funafuti. The boring reached a depth of 1,114 feet
6 inches. For the firs 750 feet of its length it passd
through powdered coral rock with, in the surface 150
feet, coral mases and encrusting Lithothamnion in the
postions in which they grew. The res of the core con-
sged of compacted and crystallized limestone which had
resulted from the compresson and transformation of the
coral rock into a crystalline carbonate of [ime known as
dolomite. Nowhere was any rock of volcanic origin
found. It might have been thought, therefore, that this
proved the truth of Darwin's theory but the other dde
pointed out that the boring had been made, nfortun-
ately, at the edge of the atoll and claimed that it had
passed through the rubble foundation, the talus of
compacted coral rock, on which the reef was built.
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Agassiz, indeed, suggested that the compacted rock at
the bottom of the boring was in fact a foundation of
tertiary limestone. Accordingly it was held that the
result of the Funafuti boring was inconclusive and might
be taken as evidence for either point of view.

Of late years, however, opinion has swung in favour of
Darwin's grand and simple ideas. One of the facts that
seem to point to a subsidence of the land in coral sess is
the gentle slope of all coastlines behind fringing and
barrier reefs. The hills slope gently down to the lagoon
unbroken by any cliffs. The bays are of the type which
geologists term drowned valleys with floors of sediment
washed down by rivers. If the reefs stood on platforms
worn by the action of the sea, as Murray and Agassiz
supposed or as Daly imagined in his glacial control
theory, the coastline would have quite a different
appearance. It would present steep cliffs fronting the
lagoon and there would probably be no islands along the
coast. But, in fact, not only are cliffs of any size never
found behind coral reefs but there are often rounded
islands dotted about in the lagoon as there are in the
channels between the coast and the Great Barrier Reef.
Then again, if we picture the land as stationary with the
coral growing outwards as a thin veneer on a submarine
platform, it is difficult to see why the lagoon does not
become filled up by sediment carried down from the
land by rivers. Further, it is not now believed that sea
water can possibly have enough dissolving action to
hollow out lagoons either behind reefs or in the centre
of atolls. But if the land is sinking there is no reason
why the lagoon should ever fill. Thereiseven atendency
now to think that the Funafuti boring may, after all,
support the Darwin theory since it has been pointed out
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that the re-crystallization of coral rock into dolomite is
a process which can only take place in quite shallow
water. Further, all the coral remains found throughout
the core were those of shallow water forms and it has
now been established that the compacted rock at the
bottom of the core was not a tertiary limestone, as
Agassiz suggested, but had resulted from the compression
of the coral rock itself. Another boring made by the
Great Barrier Reef Expedition of 1928-9 at Michaelmas
Gay, near the town of Cairns, showed nothing but loose
coral rock and sand throughout the 600 feet or so of its
length.

Nevertheless the formation of coral reefs still remains
something of a mystery. Darwin's theory is by no means
proved. But it is believed that the seismographical
observations made during the recent atom bomb test at
Bikini tend to confirmit. Plans are being laid for more
and deeper borings which, it is hoped, will provide the
answer to this riddle, now a century old.

After this digression into the tropics we must return
to the shallowwater zone around our own islands. A
stiff branching forest, made up of many different kinds
of creatures, many of them colonial, covers the hard
grounds, the stony and rocky bottoms on the banks,
where the vast benthos population lives and shelters. It
consists, as we have seen, of the fase corals, the seafans
and the dead men's fingers, and, in addition, many other
creatures which, between the tide marks, are found only
as encrustations on rocks, on stones or on the fronds of
seaweed. These include the sponges and the seamats
which grow up into erect branching growths, and the
rounded or branching masses of the calcareous coralline
algaLithothamnion. Along thelow tide mark this encrusts
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therocks and forms a foothold for the ribbon weed but
below the low tide level it forms masses with elaborate
branches or rounded clumps according to the amount of
wave action to which it is exposed. Large sea squirts also
live on the hard bottom, like leathery double-necked
bottles or tough formless masses.

On the continental shelf the echinoderms are a group
of very great importance. This is the group which in-
cludes the starfish, the sea urchins, the brittle stars and
the sea-cucumbers. Some, like many of the urchins, live
among the rocks. Others again, like the brittle stars and
sea-cucumbers, live on sand and mud, but all are fairly
catholic in their choice of ground and may be found
almost anywhere. Most of them creep about on the
bottom but a few have some power of swimming, like
the feather stars (Antedon rosacea). In spite of the great
variety of their appearance they are all built on the same
radial plan within a skeleton made of plates or spicules
of lime and five—or some multiple of five—radial arms
radiating from a central disc. They all have the extra-
ordinary water vascular system forming a ring within
the central disc with branches along the arms. The
starfish and the urchin move upon thousands of delicate
inflated processes of this system of water tubes, known as
the tube feet, each like a minute fountain-pen filler.
When the feet are withdrawn the bulb of thefiller, which
communicates with the vascular system, is filled with
fluid. It is emptied when the feet are rigidly protruded.

On the soft grounds of the shelf the stiff branching
forests are missing, though many of the large sedentary
softer creatures are still found in abundance. There are
plenty of sponges and squirts. But this is the home of
many burrowing and tube-living creatures, those which

L
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wefound between the tide marks and many others besides.
On the continental shdf, however, the difficulties that
arise between thetide marksfrom the constant shifting of
sand or mud, or from its exposure by the tide, naturally
form a less important factor for animals that burrow or
live in tubes upon the bottom. Delicate worms, which
secrete their own tubes and project from them exquisite
crowns of feathery tentacles, therefore reach a great size
in these quieter and more stable conditions. The anem-
ones, too, whether they live on a rocky or gravelly
bottom, reach a magnificent development which is
never seen between the tide marks. Moalluscs are in-
credibly abundant on the soft bottoms. Large coiled
snails such as the whelk are found in great numbers and
a bivalve (Spisula subtruncata), like a small cockle, occurs
in patches many square miles in area with a density of
thousands to the square yard on the Dogger Bank, where
it is the food of the plaice.

While purely local variations in the population of the
continental shelf may occur in accordance with the
nature of the bottom, yet the major influence, as in
the open ocean, which causes lar ge scale changesin the
character of the population, is exercised by the tempera-
ture of the water. Many shallow-water animals are
world-widein their distribution but many of those which
live at fairly shallow depths in temperate or polar waters
are found at greater depths in the tropics where the
shallow water becomes too hot for them. However, a
general similarity of the shallow-water population in
certain parts of the world has made it possble to mark
the world out into geographical regions with respect to
the inhabitants of the continental shelf and tidal zone.
Thereisan Arctic and an Antarctic region. The Arctic
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region isdivided again into a circum-polar region, which
embraces Greenland, the northern coads of Europe, Asa
and North America, and an Atlantic-Boreal region,
including the west coagt of Europe and the east coast of
North America. Similarly there is a Pacific-Boreal
region embracing the northern shores of the Pacific from
Japan to California. The Antarctic region includes the
southern coags of the continents bordering the Southern
Ocean. In the tropics there is an Indo-Pacific region,
covering all the shores of the Indian Ocean, all the coasts
of the Indo-Pacific idands and the northern coast of
Australia. There are East and West American regions
and a West African region. Thereis, of course, no hard
and fag line of demarcation anywhere between the
populations of these great areas. They overlap and
shade gently into one another. Further, their popula-
tions tend to resemble each other along, rather than
across, the lines of latitude, that is to say, the changesin
the shallow-water population are greater from north to
south than from east to west just as we found, indeed, in
the plankton population of the open sea. For instance,
the fauna of the shores of Canada and the United States
is far more like that of the coag of Europe than that of
the West Indies and the fauna of East Africa far more
closdly resambles that of India and the Pacific than it
resembles that of South Africa. The similarity of the
West African population to that of the east coast of South
America is s0 dose that it is used as an argument for
supposing that at one time the two continents must have
been united by a bridge of land, the Gondwanaland
continent.



CHAPTERVII
THE ABYSS

The continental slope—Submarine canyons—The
abyssal plain—Terrigenousdeposits—Pelagic deposits
—Globigerina ooze—Pteropod ooze—Diatom 0oze—
Red clay—Radiolarian ooze—Conditions of life in
thegreat deeps—Deep sea fishes—Deep sea benthos.

THE CONTINENTAL SHELF inclines gently, with an average
slope of about one in five hundred, to the hundred
fathom line. Thereafter, though beginning usually at
a slightly smaller depth than a hundred fathoms, the
slope of the shelf steepens at the continental edge to an
average slope of about 1in 10 or lin 15. This s the
continental slope which plunges down into the deep sea,
to the abyssal plain, where the depth is between 2,000
and 3,000 fathoms.

It was at one time thought that the continental sope
was a smooth inclined surface slanting down into the
abyss, atalus slope like the even sides of amine tip. But
as soundings, taken by the modern echo sounding
method, have increased in numbers all round the coasts
of the continents, it is beginning to be realized that the
surface of the dope is everywhere carved into canyons
and gullies, with sharp ridges between them, running at
right angles to the coasts. The larger of these canyons
head far back from the continental edge and form deep
grooves in the surface of the shelf, some of them con-
tinuous with the mouths of rivers. On the coast of
Europe most of the principal river courses run outwards
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over the shelf as steep sided canyons such as this and the
best known, perhaps, is the Fose de Cap Breton, opposite
the mouth of the river Adour, which opens into the Bay
of Biscay near Biarritz. Near the mouth of the river the
bottom of the channel is 117 fathoms below the general
surface of the continental shelf. Farther seaward it
becomes a rock canyon 500 to 1,000 fathoms deep and
opens at the foot of the continental slope 1,500 fathoms
below sea level. Its sdes are ravined by tributary
channels. The Hudson River in America and the Congo
in Africa open into submarine canyons five or six miles
wide at their mouths. The outline of the continental
slope has been studied more minutely on the eastern
seaboard of America than anywhere else. There it has
been found that between the deep and broad canyons
are innumerable smaller chisellings, like the parallel
rain gullies that can be seen on any soft railway embank-
ment, and with the increase in the number of soundings
around other continents it is becoming evident that these
features of the slope are to be found everywhere. Though
there has been much discussion about the formation of
these canyons and of the smaller gullies, no completely
satisfactory explanation has yet been found to account
for them.

The term abyssal plain does not quite accurately
describe the relief of the bottom of the deep sea beyond
the continental slope. Again, as soundings increase in
number, it is becoming clear that there are more irregu-
laritiesin the floor of the ocean than was at first thought.
There are shods or banks and plateaux rising up 1,000
to 1,500 fathoms above the general level of the floor but
still 2,000 fathoms below sealevel. There are the swells,
arc-shaped elongated plateaux like that running down
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the middle of the Atlantic Ocean. There are the sub-
merged pedestals that bear the oceanic idands and the
deep troughs or trenches 1,000 to 3,000 fathoms below
the general level of the ocean floor. On the whole it is
becoming probable that the sea bottom is in reality as
rugged in outline as the major featureson dry land.

Our knowledge of the deposits which lie upon the floor
of the deep ocean beyond the hundred fathom lineis due
mainly to Sir John Murray who examined the many
hundreds of samples of the bottom brought back by
H.M.S. Challenger from her voyage round the world in
1872-6. He made for the first time a map of the dis-
tribution of the various bottom deposts and much
refined and detailed research since his day has not added
anything essentially new to his discoveries.

T he deep-sea deposits are either derived from the land
and laid down in deep water near the coads, or formed
and laid down in deep water far from land. Theformer
are known as terrigenous deposits and the latter as
pelagic deposits. The terrigenous deposits condst of
various kinds of mud, the very finest and most impalp-
able mud, with particles mostly less than 1/200th of a
millimetre in diameter, that settle exceedingly sowly
in conditions of almost complete dillness such as can
only exist well outside the limit of wave action or strong
currents. The most common kind of mud met with in
the deeper water surrounding the coads of the contin-
ents, and in the enclosed seas is a bluish clay made of
rock fragments and mineral particles, mostly quartz.
At the surface of contact with the water above it the clay
has a thin red or brown layer due to the presence of
oxide of iron. It isreally the reduction of this to ferrous
sulphide and oxide that gives to the mud its blue colour.
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A red mud covers large areas of the floor of the Atlantic
Ocean near the coast of Brazil and off the coast of
China (Plate 1V). Here the giant rivers bring down a
deposit with so much ferric oxide in it that it is not all
reduced and the blue colour does not appear. Off high
steep coadts free from large rivers, such as the Pacific
and Atlantic coasts of North America, off Japan, off
Australia and South Africa, where crystalline as opposed
to sedimentary rocks are exposed, fine matter washed
away from the land is less abundant. Rock fragments
and mineral particles, therefore, remain longer exposed
to the dissolving action of sea water and are not soon
overlain by further sediments accumulating on top of
them. They therefore become converted into a green
silicate of potassium and iron known as glauconite. In
the deeper waters off these coasts there are fine green
sands made of angular glauconite particles, especially
where, as off the Cape of Good Hope, cold and warm
currents meet in the waters above. Muds of volcanic or
coral origin will obviously be found around volcanic
islands or near cora reefs.

The pelagic deposits, formed far from the land, either
consist of oozes made of the skeletal remains of the
animal or plant plankton, which have been steadily
raining down upon the floor of the ocean almost since life
first began in the sea, or they consist of a fine red clay.
The oozes are made up of the remains either of calcareous
or siliceous skeletons. Since calcium carbonate is more
soluble than silica the calcareous oozes are found, on the
average, covering the ocean floor at a lesser depth
(1,000-2,000 fathoms) than the siliceous oozes (2,000-
2,600 fathoms). The most widespread calcareous ooze
covers large areas of the floors of all the ocean basins,
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in all about 48 million square miles, from the South
Pacific to the Arctic. Itisparticularly characteristic of
the Atlantic Ocean (Plate I V). Thisis the globigerina
ooze, made up largely of the shells of various Foramini-
fera, but especialy those of the genus from which the
deposit gets its name, Globigerina. It contains, however,
the calcareous remains of many other creatures as well,
some, like the coccoliths, from the surface waters but
many from bottom-living forms, molluscs, worms and
echinoderms. In tropical regions, where large-shelled
Foraminifera occur, their remains can be seen in the
ooze quite clearly with the naked eye, but globigerina
ooze from polar waterslooks simply like avery fine fawn
or greyish powder. Another kind of calcareous ooze
occurs in relatively small patches in the tropics and the
sub-tropics, especially in the South Atlantic Ocean,
covering an area of about half a million square miles.
This is the pteropod ooze, made of the remains of sea-
butterflies, which must occur in those areas in colossal
numbers. The principal siliceous deposit is the diatom
ooze made of the glass valves or frustules of diatoms. As
one might expect it is characteristic of the ocean floor in
those areas, under cold and temperate oceans, where the
diatoms flourish in greatest abundance. It forms a band
round the South Polar regions all over the floor of the
Southern Ocean (Plate 1V) from the approximate
latitude of the antarctic convergence. There is dso a
band of diatom ooze across the North Pacific but,
strangely enough, it is not found in the North Atlantic.
A possible reason for this may be that the shallower
depth of the temperate and polar North Atlantic causes
the diatom remains to be masked by the globigerina.
In other regions where the diatom ooze is abundant the



PLATE 1V. Ocean Bottom Deposits.
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calcareous oozes have been dissolved away. The diatom
0o0ze covers an area, in all, of atfout ten million square
miles. When dry it is a greyish white powder, but that
which comes from areas near polar coags may contain
mineral fragments, carried and dropped by ice, which
give the ooze a darker colour.

The remaining pelagic deposit, the red clay, isby far
the most widespread of all the deposits on the ocean
floor. It covers an area of about fifty million square
miles. Vast areas of the Northern and Southern Pacific,
eastern Indian and western Atlantic Oceans are floor ed
with it (Platel V). Its most common and constant con-
stituent is volcanic pumice, chemically decomposed by
the action of sea water. The average depth at which the
red clay occurs (about 2,700 fathoms) is greater than
the average depth at which any other deposts occur. It
forms the ocean floor in the deep trenches under the
deepest water in the world. At the greatest depths it
contains no calcareous or sliceous congtituents at all, but
whereit dopes up either to the globigerina or the diatom
0oze it contains increasing quantities of them and finally
merges into them. The pumice of which the clay is
composed is made up of particles of all szes from
fragments the size of a man's head to minute grains that
can only be ssen with the highest powers of the micros-
cope. They consst of 70 per cent, silica and alumina
(aluminium oxide), the same proportion, in fact, as
exigs in igneous rocks. These volcanic remains, it seems,
must have settled with amost inconceivable downess in
the water from airborne volcanic dust, perhaps with a
small addition of ice borne fragments near the Pales. In
addition to these there are found in the clay grains of
iron and manganese peroxide and small metallic spheres
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which are supposed to have formed the tails of meteorites
or those showers of meteoric dust and meteoric showers
through which our globe is constantly passing. These,
then, are visitors from space outside our planet. Besdes
these there are also found the ear bones of whales and the
teeth of sharks, sometimes, apparently of species now
extinct. One must presume that these meteoric frag-
ments and the insoluble remains of whales and sharks
are equally widely distributed everywhere on the ocean
floor among the other deposits, but their presence dse-
where is masked and overwhelmed by the other oozes
or mudslaid down alongwith them. Y et every sample of
red clay contains some of them. How infinitely slowly,
then, must the clay have been laid down to give so thick
a deposit from so sparse a supply! The rates at which
the blue terrigenous mud, the globigerina ooze and the
clay have been laid down have, in fact, been calculated.
For the blue mud it is about 1% cms. every 1,000 years.
For the globigerina ooze it is about 1 ¥ cms. and for the
red clay about % cm. per thousand years. But even the
dlight disturbance which occurs in water at a depth of a
thousand fathoms is enough to delay the settling rate
very greatly. Thelongest core of the ocean bottom ever
taken with the instrument known as the Piggot gun,
which forces a tube into the deposit on the floor of the
ocean by means of an explosion, was about three metres
(10 feet) long. It must have taken at least a quarter of a
million to three hundred thousand years to accumulate.
Finally, a last kind of pelagic deposit remains to be
mentioned, the radiolarian ooze. This is merely a
red clay in which the sliceous skdetons of Radiolariaand
the large disc shaped valves of the diatom Coscinodiscus
rex become sufficiently abundant to form an appreciable
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part of the deposit. It is found chiefly in the tropical
Pacific Ocean and to a lessr extent in the Indian Ocean
but not at all in theAtlantic (Platel V).

It is not known how thick are the layers of soft oozes
and muds which have thus sowly accumulated on the
ocean floor. No bottom sampling instrument has ever
yet penetrated to the rock base which, at some depth,
must lie beneath them. Thisisthetrue floor of the ocean
basin but we can only guess its character. We can draw
conclusions about it from the rocks which form occa-
sional idands rising sheer from the ocean bottom.
Seismographic records aso tell us something. The
seismograph is an instrument which records the waves
sent out through the substance of the earth's crust by
earthquake shocks The waves are of three different
kinds, two kinds which radiate outwards from the shock
centre through the whole extent of the earth's crust and
a third kind which travels round the earth's circumfer-
ence in the surface fifty miles or so of the crust. It was
explained in the first chapter that the crust of the earth
is composed of several layers of different density. A
lighter granite layer builds up the continents, which
rest and perhaps move upon adenser substratum. Earth-
quake shock waves travel fasger through the parts of the
earth's crust underlying the continents than they do
through the parts underlying the oceans. We therefore
infer that large parts, at any rate, of the oceans have a
truefloor made of the denser basaltic rock on which the
continents rest. Yet the isand peaks that rise up in the
middle of the Atlantic Ocean, such as St. Helena and
Ascension, are made of the lighter type of rock of which
the continents are themsdves built and it is for this
reason thought that the median ridge of the Atlantic
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Ocean may perhaps consist of the same kind of rock as
the continents, with deeper basins of basalt on either side.

There is no depth of the ocean where there is not some
life, however sparse and meagre it may be. On the
continental slope and on the blue and red muds beyond
it, down to the depth of the deepest dredging ever taken
(3,125 fathoms), there lives a benthos population
strangely adapted for living on this impalpable sub-
stratum. Even in bottom cores brought up by sounding
tubes from greater depths than this the remains have
been found of Foraminifera and sponges which probably
live in the lower reaches of the abyss. The deepest net
hauls yet made, in about 1,000 to 1,500 fathoms, have
revealed a strange population of Crustacea and of fishes
astonishingly and, to our minds, hideously distorted for
lifein their cold, dark, silent world.

It is interesting to speculate upon the kind of world
which animals inhabit at these great depths. In the
first place the hydrostatic pressure is enormous. At sea
level the pressure of the atmosphere upon our bodies
measures about 15 Ibs. to the square inch, but we do not
perceive it because it bears equally upon us both within
and without the cavities and tissues of the body. |f there
were a cavity within our body containing a vacuum or
air at alower pressure than 15 Ibs. to the square inch it
would cave in, as indeed our chest tends to do when we
reduce the pressure in it by exhaling. Below the surface
of the sea the pressure increases one atmosphere, that is
15 Ibs. per square inch, for every 33 feet of descent. At a
depth of 3,000 fathoms, then, the pressure will be about
3 tons 15 cwt. per square inch. However, since water is
almost incompressible, and since this pressure bears in
all directions both inside and outside the cavities and
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living tisues of the body, even the mogt fragile and
delicate creatures are unaffected. Injust the same way
a metal box, sunk to the bottom of the sea, keeps its shape
even at the greatest depths if its Sdes are perforated so
that the pressure of the water can bear both inside and
out. If it hasriveted seams, but no holes, the seams bur st
and thewater forcesitsway in, and if it has neither seams
nor holes it is squashed flat long before it reaches the
bottom. Sunken ships therefore, remain unchanged
in shape in their last resting place except for any tanks
or compartments into which the water cannot easly
penetrate. They will be burst inwards.

Pressure, then, does not much affect life in the great
deeps. The temperature just above the ocean floor is
around freezing point and varies between 2 below
freezing point and 10° Fahrenheit above it, but at
the surface the richest sas in the world, where life
is mogt prolific, have similar temperatures. The oxygen
necessary for respiration is present in sufficient quan-
tities at even the greatest depths because of the sinking
of cold water at the Poles whence it cregps along the
bottom towards the tropics. Except, therefore, in
isolated situations such as the deepest Norwegian fjords
and in the Black Sea, the water at the bottom of the
oceans is never stagnant. The principal factor which
influences life at great depths is the complete or almost
complete lack of light. It is an adverse factor. In clear
water plant life can carry on its indispensable photo-
gynthesis down to a depth of about 250 feet and in water
which is at all turbid the process ceases at a very much
smaller depth. Below a depth, then, of about 50 fathoms
at the mogt there is no plant life which could form the
food of a large herbivorous population. But in the
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shallower deep-sea areas dead plant and animal skee-
tons raining down still contain some organic remains
when they reach the bottom and it is on this organic
debris that the deep-sea benthos feeds In the greater
depths the organic remains have been dissolved out on
the journey down and only the empty skeletons reach
the bottom. It follows, therefore, that the inhabitants of
the deeper parts of the abyss are carnivorous. They
largely eat each other. But in that vast dark space the
inhabitants do not often meet and, therefore, in order to
make doubly sure that any chance encounter between
shall makeameal for one or the other, abyssal fishes have
relatively gigantic cavernousmouthsand formidableteeth
likescimitars (Fig. 11, Macropharynx and Linopkryne). For
the same reason, because chance encounters must be
few and those between opposite sexes of the same goecies
even fewer, the females of many of these strange fishes
carry their males about on their bodies (Edriolychnus),
very much reduced and even inseparably fused with
their own tissues. Nevertheless, in spite of the lack or
poverty of light, all the deep sa fishes have eyes, very
often greatly enlarged and borne on the end of upwardly
directed stalks (Argyropelecus) so that they are probably
telescopic. We must assume, therefore, that they use
them, for if they did not they would become blind. But
in order that eyes may be able to s there must be light
of some sort. The human eye can just perceive light
which is one thousand millionth of the strength of bright
daylight. In clear ocean water light of this very low
intensity prevails at a depth of about 350 fathoms and
photographic plates exposed for two hours showed traces
of the action of light down to 500 fathoms but between
800 and 900 fathoms plates show no signs of exposure



F1 G. 11. Deep-seafishes (a) Macropharynxlongicaudatus,
(b) Gigantactis macronema, (c) Linophryne macrodon,
(d) Lasiognathus saccostoma, (e) Argyropelecus hemigymnos,
(f) Edriolychnus schmidti.
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after two hours. Yet even in this complete darkness fish
still have eyes and the only light which they can perceive
at such depths must be that which they themselves emit,
for a very great many of them have light producing
organs. These are borne on the ends of stalks or pro-
tuberances or along the sdes of the body. The pale
glow these organs produce probably acts as a lure to
other fish and in some of these small nightmares from
the deep the light organ is borne on a long curved
filament which projects like a sort of fishing line from the
top of the head (Lasiognathus, Gigantactis) in away that
strongly suggests its function.

Animals that live on the bottom beyond the hundred
fathom line are mostly specially adapted for living in
soft impalpable mud. Many of them have long stalks
which keep them clear of the seafloor and thereis a sea
squirt {Culeolus) which livesin the abyssfloating clear of
themud like aballoon on the end of athread two or three
feet long. Some of the clay bottoms are covered with
forests of sea-lilies (Crinoidea) which are echinoderms,
related to the feather stars of the shallow water zone.
Their five-rayed symmetrical body is borne aloft on the
end of along stalk anchored in the mud by means of a
holdfast. The sea-pens (Pennatulacea), which aso grow
thickly in places, are colonial polyps and resemble the
false corals except that they have an internal skeleton
of horn instead of a calcareous external one. The polyps
live on a branching plume with lateral growths like a
wing feather. At its lower or quill end the plume has a
smooth tapered shaft which sticks into the mud. Many
of the Crustacea which craw! over the mud have enorm-
ously long legs (Munnopsis and Nematocarcinus) which
prevent them from sinking down into it. Some of the

M
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urchins(Gidaroidea) that liveburied in it haveimmensely
thickened spines which serve the same purpose. But
perhaps the mog striking thing that one notices about
animals that live on the bottom in deep water is their
delicacy and fragility, evidence of the almost complete
dillness in which they live. It is very seldom that they
come up undamaged in the dredge. The thickened,
apparently heavy but really very light, spines of the
urchins drop off at the least touch. Their skeletons are
made of uncompleted plates not joined along their
edges. The arms of sea-lilies snap off very easily and the
great glass sponges, many of them of lovely and dassc
shapes, stand on the mud upon rounded bases giving no
anchorage at all. The sea-pens stand upright with only
a smooth shaft to hold them in place.

Nevertheless, very littleisknown about the inhabitants
of the cold, dark and almost motionless degps. There
may be many kinds of animals living there which have
never yet been taken with net or dredge. We know, at
any rate, that there are deep-sea quids of gigantic size,
probably too swift moving for any net to catch, which
are only known from the remains of them found in the
gomachs of Sperm whales. Fishing with large nets in
very deep water is a difficult and expensve task. Nets
behave under water in the most unexpected manner and
the most carefully designed apparatus, which seems
faultless in theory and works perfectly in shallow water,
may fail altogether in the open ocean on the end of
several thousand fathoms of sted warp. And even if the
apparatus does act correctly, long hours of patient
waiting and watching may bring no reward, for as often
as not the net comes up almost empty.



CHAPTER VIII

SEA FISHERIES

Demersal fish—Pelagic fish—Trawling—Lining—
Drift netting—Life history of the cod—Flat fishes—
The plaice—Effect of trawling—The herring fishery
—The stock offish on the grounds—Density of the
stock—Decline of the home fishing grounds—Catch
of young fish—Size limitation—Mesh regulation—
International  agreement—Fishery research—Trans-
plantation offish.

THE GREAT fisheries, which provide food for the millions
of the world's continents, are situated entirely upon the
continental shelf or upon the edge where the shelf
geepens into the dope down to the abyssal plain. Here
live the fish caught with the line and the trawl, such as
the cod, the haddock and the plaice, feeding on therich
benthos population of the shallow water zone. Here,
too, thefish taken with thedrift net, such asthe herring,
feed on the abundant neritic plankton.

Off the north-west coas of Europe the continental
shelf extends outwards round the British Ides forming a
shallow platform from northern Norway to the coagt of
Portugal. The North Sea and the Bay of Biscay lie
within its boundaries. Here, and on the shelf around
Iceland, around Bear |sland far tothenorthward and off
the Arctic coast of Russia, is the largest, the most inten-
sive and therichest fishery in the world, in which all the
nations of the northern seaboard of Europe take part.
Second in importance is that of the eastern seaboard of
America, which includes the famous cod banks of New-
foundland. The Japanese fishery possbly directly
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employs more men than either the European or the
American but, since it is carried on almost entirely by
individual fishermen with small boats, it is hardly
comparable to the heavily capitalized and mechanized
fishing industries of the western countries.

Our food fishes are of many kinds but broadly we may
digtinguish those which spend their adult lives on the
bottom, feeding on the benthos, from those which spend
their lives swimming in shoals near the surface, feeding
on the plankton. The bottom-living or demersal fish
are those which are taken with the trawl or the line.
Their eggs arelighter than sea water and, after they have
been shed, they rise to the surface to become the fry
which, as young fish, eventually sink to the bottom. By
far the greater number of our food fishes are demersal
and among them again we may distinguish the round
and the flat fishes. The terms explain themsaves. The
round fish have the orthodox streamlined shape, like the
cod and the haddock, and the flat fish are those, like the
plaice and the sole, which, as an adaptation to their
habit of lying on the bottom, are flattened laterally into
a leaf-like shape. The upper dde is coloured and the
lower sde is white while both eyes are on the upper side
of the body. In the plaice and the sole, when the young
fish settles down on the bottom, the left eye actively
migrates round to the right side of the head and the fish
lieson itsleft sde. Theturbot and the brill, however, lie
on the right sde and it is the right eye which moves
round to the left. Other flat fish arc the skates and rays
which are quite different. They arerelated to the sharks
and dogfish and are flattened from above downwards so
that their eyes are not displaced.

The fish which swim in shoals near the surface, feeding



SEA FISHERIES 171

on the plankton or other small fishes, are known as
pelagic fish. The most important in our waters are the
herring, the most abundant of all our food fishes, and
the mackerel. Some have eygs which are heavier than
sea water. The herring alone of all our commercial fish
actually lays its eggs on the bottom, in crevices among
gones or on seaweed. The mackerel, on the other hand,
sheds its eggs near the surface where they dowly sink
and come to rest on the bottom.

There are very many ways of catching fish practised
by fishermen all over the world. Our commercial
bottom-living fish are taken principally with the trawl
and the line, and the herring is taken with the drift net.
The trawl is, in essnce simply a bag of netting (Fig.
12a) which is hauled along to the bottom and which
soops up all the fish which lie in its path. In the nine-
teenth century, when all the trawlers were sailing ships,
the beam trawl was used. In this the mouth of the bag
was kept open by a wooden beam supported some feet
above the bottom on metal runners called trawl heads.
But towards the end of the century, when steam began
to replace sail, the modern otter trawl was introduced.
In this type of trawl the mouth of the net is attached at
each dde to a weighted rectangular wooden board or
door. The two boards are hauled through the water by
thetrawling wires and are st at an oblique angle so that
they diverge from one another, pulling agape the mouth
of the net. The lower margin of the mouth, reinforced
by a stout rope called the foot rope, is considerably
longer than the upper margin which is reinforced by
another stout rope called the head rope. The foot rope,
therefore, trails over the bottom as a backwardly directed
U with aroof of netting above it and the fish are swept
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back into the conical cod end of the net. This type of
trawl has many advantages compared with the older
type. The beam trawl became too cumbersome and
heavy at greater lengths than about fifty feet, but the
otter trawl isscarcely limited by szeat all and almost any
manageable length of foot and head rope can be used.
M odern otter trawls have a mouth about a hundred feet
in width. Of recent years several refinements have been
introduced to make the otter trawl even more effective.
Wooden or metal rollers, the bobbins, arethreaded along
the foot rope so asto enableit to run over rough bottoms
of rock or gones In 1923 a new pattern began to be
used, known as the Vigneron-Dahl trawl, in which the
ddes of the mouth of the net are separated from the
boards or doors by long wire bridles. It was found that
about 25 per cent. more fish were swept into the net with
this modification than with the older type in which the
head and foot ropes were attached direct to the doors.
The strain of such an apparatus travelling over the
bottom is, of course, very great and, as trawls have
become larger and heavier with modern improvements,
the ships which operate them have grown in size. In
1906 the average Sze of English trawlers was about 170
grosstons, but in 1937 it wasabout 270 grosstons, though
this increase in dze is also largely due to the shift of the
trawling grounds from the North Sea to Iceland and the
Arctic, involving fishing trips of three weeks to a month
instead of only a few days. A trawler is easy to spot
because of the two hoop-shaped gallows on each side,
one forward and one aft, which carry thetrawling wires,
and because of the powerful winches which she carries
on the foredeck for hauling the sted warps.

Thevags majority of the fish we se at the fishmonger's
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FIG. 12. Upper. Otter trawl, with Vigneron-Dahl exten-
sons swesping over the bottom. (Inset: Trawl hauled doseto
thetrawling gallows) Lower, Herring drifter with drift nets
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is taken with the otter trawl and comes in modern
trawlers, packed in ice, from asfar afield as the Iceland
banks, Spitzbergen and Novaya Zemlaya. Small
quantities of fish, however, cod, haddock, ling and
halibut, are still caught with lines. Inshore lines for cod
and haddock are laid at night across the tide, anchored
and marked with a buoy at each end. Every two yards
along the line is fixed a, short length or snood which
carries a baited hook. On the continental edge around
Newfoundland and on the edges of the Iceland banks a
certain amount of deep lining is still done for cod, ling
and halibut with long lines carrying thousands of hooks
laid along the bottom.

The drift nets, which are st for herring all round our
coads, work on quite a different principle from thetrawl.
The net is simply a curtain which hangs in the water
(Fig. 12b). Thediamond-shaped meshes of the net are
of such a size that the fish become entangled in them,
firmly held behind the gill covers. Each net is about
34 yards long and about 14 yards deep and the nets are
strung together so as to form a continuous wall of net-
ting, possbly several miles long, called a fleet. There
may be as many as 135 nets in a fleet. The upper edge
of the fleet is buoyed with floats while the lower edge is
weighted so as to keep the net hanging vertically. The
nets are shot at night from small ships about half the sze
of a trawler, often lying so dose together that it is
astonishing that the fleets of nets do not foul one another
more often than they do. At night the plankton rises
to the surface and the herring rise also to feed. Unable
to see the walls of net in the dark the shoals of fish charge
into them and become stuck in the meshes unable to
move forwards or backwards. When the nets are hauled
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in at daylight a silver cataract of fish is shaken out.

The round fishes taken with the trawl on the contin-
ental shelf from the Arctic to Biscay are of many kinds.
Around Iceland and in the waters to the north they are
mostly cod, coal fish and haddock, usually in that order.
All these are members of the cod family. The cod
(Gadus morrhua) is afine olive green or brown fish with
dark spots and a sensitive barbel on the chin. The coal
fish or saithe (G. virens) is amost black in colour and has
no barbel on the chin. We meet the coalie more often
than we know for much of the cheaper sorts of fish sold
in restaurants and fried fish shops, sometimes as cod and
sometimes simply as fish, is coalie—rather coarser and
less delicately flavoured than cod. The haddock (G.
aeglefinus) has a more rounded shape and is smaller than
either the cod or the coal fish. It is easily spotted by the
black St. Peter's thumbmark on each side above the
pectoral fin where St. Peter is supposed to have pulled
the fish out of the lake Genessaret—regardless of the fact
that the haddock can never have lived there. Around
Iceland and farther north the cod and the coal fish are
more abundant than the haddock but southward towards
British waters the haddock takes first place. Farther
south still in the Bay of Biscay the haddock, in turn,
gives place to the largest of the cod family, the hake
(Merluccius merluccius). Another of the cod family, the
whiting (Gadus merlangus) istaken in the trawl anywhere
from the Mediterranean to Bear Island and is spotted by
its silvery colour and the black smudge at the root of the
pectoral fin.

Besides these prime fish the trawl takes numerous
others of inferior quality, such as the catfish, the gurnard
and the dogfish, but these we must neglect and consider
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one round fish only—the cod, the most important of all
the food fishes of European seas In 1938 nearly 350,000
tonswere landed in Great Britain alone. We may take
its life history as typical of all the demersal round fishes
for the othersdiffer from it only in details such asthetime
and depth of spawning, the type of food—which affects
thekind of bottom they frequent, and therate of growth.

The cod is taken on the trawling banks all the year
round in depths between 10 and 100 fathoms but
mostly in less than 40 fathoms. The best catches, how-
ever, are taken in the spring (January to March) when
the mature fish gather on their spawning grounds. These
are quite well defined and well known. In general the
depth of the water where the cod spawn is between 20
and 30 fathoms. The spawning grounds in the North
Sea are situated wherever the water has about these
depths, chiefly the northern and central areas. Off
Iceland they are to the south and south-west of the
island. Off the coast of Norway thereisa great spawning
ground around the Lofoten Idands where there is a
heavy fishery in the spring. The cod start moving to
their spawning groundsin the early winter. IntheNorth
Sea they come from the shallow water round the Nor-
wegian and British coads where they have been feeding
during the summer. Off Iceland they come from the
northern and eastern banks and to the Lofotens they
come from the banks around Bear Island. The cod is
exceedingly fecund for a single female may shed in the
spawning season between four and six million eggs. But
only two of these need survive in order to continue the
race. The eggs are simple transparent gheres one-
twentietfy of an inch in diameter. After they have been
shed and fertilized by the sperm spilt into the water at
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the same time, they rise to the surface and continue their
development floating about at the mercy of currents and
of chance and of innumerable enemies. The young fish
develops upon the egg as an embryo with relatively
enormous eyes and a dender body curled on the surface
of the yolk-laden sphere. It feeds on the yolk of the egg
for the first few days, the egg hanging below the growing
fish like a sac, dowly diminishing until all the contents
have been used up. After afew days, however, this supply
of food is exhausted but by that time the little fish has
formed a mouth and a gut and begins to feed for itself
on microplankton. When they are about an inch long
thelittle plankton feeding larvae adopt a strange method
of protecting themsdves from their enemies, for they ssek
out thegreat jelly fish, the duthers (Cyanea), which in the
spring abound in the creks and shallow waters of the
northern coads Some of these reach a gigantic size, six
or saven feet across Safe in these voluminous tents the
little fish, with the fry of the haddock and the whiting
as well, continue their growth protected by the stinging
tentacles of thejelly fish. On afine day, when the water
is clear, the great bels can be seen pulsing along like
disembodied hearts, trailing their long tentacles, each
surrounded by a cloud of littlefish which dart back under
cover of the bell at the least disturbance. It isa mystery
how the fish themsdves avoid falling victims of the
stinging tentacles. They livein their floating home for a
week or two and then settle on the bottom where they
remain for the rest of their lives. Meanwhile they have
drifted far and wide away from the banks where they
wer e spawned, into the shallows and into bays and inlets
around the coagt. In the North Sea young cod are
particularly numerousat thetail of the Dogger Bank and
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intheMoray Firth during the summer. Theyoung cod
are found mostly in shallow inshore waters in the early
years of their lives and move out to deeper water as they
grow towards maturity. The cod is a predaceous and
catholic feeder. It prefers a hard stony ground and feads
at first on small Crustacea, worms and molluscs. L ater it
takes to eating fish—herring, sprat, young haddock and
the young of its own kind. At the end of their first year
cod are sven or eght inches long in the North Sea but
in northern colder watersgrowth is dower and theyoung
cod only achieve a length of about three inches by the
end of their first year. In thefourth year they aremature
and ready to spawn, by which time they may be two or
three feet long. Up to that length they are known to the
fishermen as codling and often spoken of as though they
were, in fact, a different kind offish altogether. The cod
are in the bes condition at an age of five or sx years.
At ten years old they may reach a length of five feet or
moreand, if mankind and their enemies sparethem, they
may live to be twenty years old but they are by that time
very ancient fish. The same age limit, indeed, ssems to
hold for all our principal food fishes, the haddock, the
herring and the plaice aswell asthe cod.

Experiments on the marking of cod with metal discs
have shown that after the beginning of their adult life
the fish make limited but regular migrations, to the
spawning grounds in the spring and out to deeper water
down to 40 fathoms for feeding in the summer. But the
populations of various areas seem to be more or less df-
contained and there ssams to be no interchange between
the cod of, say, the North Sea and those of | celand, or
between those of Iceland and those of the Norwegian
coast.
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After the cod the haddock is the most important of our
food fishes. Nearly 150,000 tons were landed in Great
Britain in 1938 and together the catches of cod and
haddock made up more than half the total demersal fish
landed in that year. It is a slightly more southern fish
than the cod and is not found so abundantly in the far
north nor on the western side of the Atlantic. The
largest catches come from the northern North Sea, the
Faeroes and Iceland. Southward towards the Bay of
Biscay the hake takes its place. It swims about in shoals
consisting of fish all of the same size and, unlike the cod,
chooses a soft sandy bottom, for it is not a predaceous
feeder and its diet consists mainly of molluscs, worms and
small Crustacea. It spawns rather later than the cod
(March to April) and always in deeper water, in about
40 to 60 fathoms. It is, in fact, altogether a deep-water
fish and the young are never found inshore in shallow
water in the early stages of their lives. After it has
attained its adult formit remains out in the open sea and,
for the first year of its life, does not seek the bottom. It
moves to the spawning grounds and spawns for the first
timeinitsthird or fourth year.

The life histories of the flat fishes are much the same,
in general plan, asthe above except for the extraordinary
transformation which takes place when the young fish
settles on the bottom and the eye on the underside travels
round to the upper side of the head.

Of all theflat fishesthe plaice (Pleuronectesplatessa) is
by far the most important and in 1938 about 26,500 tons
were landed in Great Britain alone. It may be recog-
nized easily by the round red spots like pennies on its
upper surface. The common plaice ranges over the
whole European continental shelf from the Barentz Sea
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to Biscay but, though it is caught in larger quantities
than any other flat fish, yet the sole is the most highly

priced of all our food fishes, except perhaps the turbot.

There are several types of sole that reach our markets
but thecommon sole (Soleavulgaris) isthemost important
one. It can be recognized easily enough by its long

dender shape, its speckled sandy colour and the fact that

the head juts forward in front of the eyes. The sdleisa
nocturnal fish and gropes its way about over the bottom

by means of tufts of sensory whiskers on the under blind

sde of its head. It is a southern fish and is not taken

either off the coast of Scotland or of Norway.

Theflat fish start life as perfectly symmetrical larvae
like those of the round fish. They spawn in the spring on
definite and well established spawning grounds. In the
North Sea there are three spawning grounds for plaice,
off Flamborough Head, east of the Dogger Bank and, the
most important, off the Flemish coast. The egg hatches
and develops at the surface, the embryo feeding at first
on the yolk of the egg. But at a certain stage, after the
thirtieth day, the left eye begins to move forwards and
upwards and by the fortieth day is on top of the head.
M eanwhile the young fish has taken to swimming on its
sde, right sde up. By the forty-fifth day the left eye has
arrived at itsfinal position aboveand in front of theright
one. A gradual change of diet accompanies this change
of posture. At firs the young fish eats the larvae of
Crustacea but when it begins to swim on its sde it takes
to eating copepods as well. When, at an age of sx or
saven weeks, it settles down on the bottom as a flat fish
lying on its left sde, the food changes to various worms
and small bottom-living Crustacea (Mysids). Later the
adult fish takes to feeding on cockles and musss and,
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on the Dogger Bank, on a mallusc (Spisula subtruncata)
like a small cockle, which it finds there in enormous
numbers. The female plaice is mature and ready to
spawn in itsfifth year, by which time it has grown to a
length of about a foot or fifteen inches, but its actual sze
at thefirst spawning variesin different waters. Marking
experiments have shown that the plaice is a sedentary
fish on the whole and tends to keep to restricted areas,
though it does make regular short migrations, moving
to its spawning grounds in the spring and out to cooler,
deeper water offshore in the summer.

The sole has a similar life history to the plaice but
spawns on mor e localized groundsin deeper water, about
twenty fathoms.

Among the demersal fish, of which the cod and plaice
have been singled out as examples, the modern mechan-
ized methods of fishing wreak fearful havoc. For the
gocks of fish are far from inexhaustible. They live in
self-contained areas of limited extent and the movements
of the fish populations are restricted. Each sweep of the
trawl gathersup not only mature and nearly mature fish
of marketable size but also thousands of young ones too
small to be of use. These are all swept back into the sea,
or were until the introduction of the standard mesh for
trawls did something to reduce their capture, wherethey
are of ue only as food for kittiwakes and black-backed
gulls. Many other small fish escape through the meshes
of thecod end but it isunlikely that many of them survive
such rough handling. Further the trawl scoops up and
injures many thousands of molluscs, worms' and small
Crustacea on which the fish feed. The heavy bobbins of
the foot-rope crush and trample down the sea-fans, the
dead men'sfingersand the corallines among which these
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creatures live. Each sweep of the trawl, indeed, scorches
the earth along the bottom of the seq, leaving a trail of
ruin and destruction behind it. The result has been the
steady dwindling of the socks of fish on our home
grounds which has been going on for a quarter of a
century. Only by going farther and farther afield from
the central North Sea to the northern North Sea and the
Faeroes, then to Iceland and Bear Island and now to
Spitzbergen and the Arctic coast of Russia have our
trawlers been able to keep up the supplies of demersal
fish, to keep the markets full and themsdves in a hard
won living. In 1929 a mogt astonishing and, for our
trawlermen, Heaven-sent change took place in far
northern waters. There was a general warming up of
the surface waters of the whole North Atlantic Ocean.
The result was an increase in the socks of cod in the far
north and the great cod fisheries around Bear Island
really came into existence at that time. Similar changes
have taken place before in the North Atlantic and have
been only temporary, lasting for a few years, before the
waters returned to their former temperature. No one
can tell how long the present conditions will last.

With the pelagic fish, however, the situation is at
present quite otherwise. There seem to be such vast
stocks of herring that there is no danger of any shortage
arising from any man-made cause—at least in the near
future. The herringis, in fact, the most abundant of our
food fishes. At the height of the east coast herring season
a single drifter may take 300,000 herring in one good
night's fishing. At the outbreak of war 250 drifters were
working out of Yarmouth and Lowestoft alone so that
75,000,000 herring might be landed from thee two
ports in one night. Yet sudden disconcerting shortages
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do occur, such as that which almost completely put an
end to the Plymouth fishery in the early thirties. But
these, whatever their cause, have nothing to do with the
activities of man.

In the year before the war nearly 270,000 tons of
herring were landed in Great Britain. Luckily the drift
net fishery does not carry within it the germs of its own
dissolution as the trawl fishery does. It does not harm
the food of the fish for the herring is a plankton feeder.
It does not harm the eggs for they are laid on the bottom
—on ground so hard that even a modern trawl with
bobbins rides over them. Further the meshes of the net
are so arranged that all fish less than four years old
escgpe through them undamaged and live to spawn
again.

The herring drift net fishery starts in the Hebrides in
May when vast shoas appear off Stornoway. InJune it
spreads to the Orkneys and Shetlands. InJuly the towns
along the Scottish coast begin, Buckie, Peterhead,
Frazerburgh, Aberdeen. But after a few weeks the
fishery begins to slacken in these northern ports and by
July and August that at Scarborough and Grimsby is in
full swing. In October, Yarmouth and Lowestoft send
out their fleets of little ships. In January, until about
1933, therewas awinter herring fishery at Plymouth, but,
for reasons already explained, this has now all but died
out. There are huge herring fisheries along the Norwegian
coast, in the Baltic, on the west coast of Ireland, in the
Clyde and down the east coast of Canada and the United
States. As the fishing moves down our east coast the
troops of Scottish fisher girls follow it to gut the fish,
sdt and pack them. Very early on autumn mornings
the streets of staid English towns echo with their loud

N
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laughter and alien voices and with the tramp of their
feet going to work.

The southward movement of the herring fishery gave
rise to theidea that the fish congregate in the Arctic and,
in the spring, move southwards as a vast army sweeping
down the North Sea and thewest coagt into the Channel.
But it isnow known that thisisnot 0. The herring lives
offshore in deep water all the year round and at certain
times collects together in shoals which move inshore to
spawn. The times of the fishery all down the coast
coincide with this inshore movement which is probably
dependent, among other things, on the temperature of
the water. However, the life history of the herring is still
compar atively littleknown and it isnot certain just what
happens when the herring move inshore nor why they
do it. When the drifters pay out their nets across the
tide they may wait all night and catch only a few fish,
although they know by all the sgns that fishermen learn
to read—the gathering birds, the leaping porpoises—that
herring are about. Then suddenly something inexplic-
able takes place, known as the 'swim'. Over hundreds,
even thousands, of square miles the fish, posssssed per-
haps by some sudden nameess ecstasy or excitement,
rush in asilver torrent against the nets and are entangled
there. The swim usually takes place at certain times, at
sunrise, at sunset and at low-water dack. What causes
it no one knows though fishermen have many theories.
It has, at any rate, some connexion with spawning and
may have something to do with feeding, since the herring
of some of the northern fisheries are feeding, while at
most of the southern ones it is taking no food and all the
fish have empty stomachs. The spawning takes place in
quite shallow water and there seem to be two spawning
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times, spring and autumn. It is not known, however,
whether the same fish spawn twice a year or whether
there are separate spring and autumn spawning herring.
Those who hold the latter view say that there are two
races physically distinguishable from one another by the
numbers of their vertebrae, their bodily proportions and
the numbers of scaes on the belly. One race spawns in
the spring and the other in the autumn. Others hold that
eighteen months elapse between one spawning of each
fish and the next and that those which spawn in the
spring do not do so again until the autumn of the follow-
ing year. The first spawning takes place when the fishis
five years old by which time it isjust large enough to be
caught in the drift net. It feeds during its adult life on
copepods (very often dense shoals of Calanus finmarchicus),
on a euphausiid Meganyctiphanes norvegica and on arrow
worms. All these small creatures it filters out of the
water by means of comb-like processes on its gills called
gill rakers.

In the years immediately before the war the British
fishing industry was the greatest of all the European
nations except Russia. In 1938 the total value of the
British catch was a little over £16,000,000 and, by
weight, amounted to slightly over amillion tons. Until
the end of the nineteenth century fishing was carried on
around our coasts by sailing trawlers and drifters but in
the eighties steam began more and more to replace sail.
Fishing gear became more ruthless and efficient especi-
ally as the otter trawl began to replace the older beam
trawl. Asaresult the stocks offish close inshore began to
decline and the trawlermen found that they had to make
longer and longer journeys to fill their holds. The close
of the century saw fishing moving ever farther outwards
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to new grounds. In 1868 a Royal Commisson had
abolished all controls over fishing but in 1883 the fishing
trade, alarmed at the depletion of the inshore waters,
summoned the International Fisheries Conference,
which met under the chairmanship of Thomas Henry
Huxley. In his opening address, however, Huxley
expressed the opinion that 'nothing we do serioudy
affects the number of fish'. Nevertheless the numbers of
fish continued to be most serioudy affected during the
closing years of the old century and the opening of the
new.

It hardly needs to be said that fishermen are among
the finesx men these idands breed. The congtant battle
with the sea and with uncertain fortune, which is hislife,
gives a gaunchness, a simplicity and rough kindness to
the fisherman which all who have worked or lived with
him well know. Twice in a single lifetime his country
has called upon him and not in vain. It would be all the
more tragic, therefore, if a melancholy decline were to
overtake his industry.

When steam replaced sail at the beginning of this
century an enormous expansion of the British fishing
industry took place, but snce the war of 1914-18 there
has been a decline. In 1883 there were 225 firg-dass
steam fishing vessds (15 tonsgrossor more) and 8,283
sail. In 1913 there were 3,296 firg-class steam and
3,130 sailing vesds  In 1937 there were 3,350 firg-dass
steam and motor vesds and only 50 fird-dass sail. In
1913 there were 100,000 men employed in fishing in the
British Ides but in 1937 there were only 50,000.

At the end of the nineteenth century it was the custom
to transfer the catch at sea to fast sailing cutters for
transport to the market ports. This arduous system,
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known as fleeting, often meant danger and even loss of
life for, snce there was no refrigeration in those days, it
was not often that the weather was allowed to interfere
with the transfer. But nowadays the modern trawlers,
equipped with refrigerating plant, bring their catches
into port and express trains with refrigerated vans take
them all over the country. The total British yield, for
demersal fish only, rose from about 3% million cwt. in
1886 to nearly 9 million in 1907. Therewas a great drop
in theyield during the war years, 1914-18, but it quickly
recovered after the war and remained around its pre-war
level until the early thirties when new high levels were
reached. In 1937 between 13 and 14 million cwt. were
landed. However, the real test of what is happening to
a fishery is not the total yield so much as the average
catch for each day that every vessd is away from port.
Thisis known as the density of the sock. We find that as
the resources available for attack on the fishery—that is,
the number and sze of the boats, the efficiency of gear
and so on—increase, the total yield at first increases too.
But the first sgn of depletion of the stock of fish is shown
by a fall in the density, though the total yield may for
the time being go on increasing. Sooner or later the total
yield itself beings to fall. The figures for the density of
our stocks of demersal fish at first sight seem to indicate
that all iswell. In the years before the war of 1914-18
the figure was fairly steady at about 23 cwt. per day's
absence. During the years of the first World War the
fish on the North Sea grounds rested and recovered.
Afterwards there was a short boom because the grounds
had replenished themsdves. They were, in fact, over-
crowded and on that account the fish were of small size.
But the uncontrolled scramble to reap this harvest after
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the war soon exhausted the sock and the density fell
disastroudy, from 36 cwt. in 1919 to 20 cwt. in 1923.
After that it rosefairly steadily to about 38 cwt. in 1937.
Nevertheless that rise was only achieved by extending
fishing farther and farther afield, to Iceland, to Bear
Island and to the White Sea. Until the outbreak of war
in 1939, then, both the total yield and the density of the
gock for the northern fishery as a whole were on the
upgrade, while the figures for the chief demersal fish
separately on the home and | celand grounds show that
both thedensity and total yield have been falling steadily
sncethe boom after thefirss World War. Inlceland the
cod formed an exception for both the yield and the
density rose steadily until 1932 when they began to fall
off. It wasin the early thirtiesthat the | celand grounds
first began to be intensively fished. On these home and
I celand grounds the decline has taken place in spite of,
and indeed because of, the enormous increase in fishing
power snce thefirst World War. It isnot necessary to
quotethefiguresherebut only to say that they show that
thetotal figures, both yield and density, of our demersal
fishery are nowadays entirely dependent upon the far
northern and Ar ctic stocks of fish, so greatly replenished
by the increase of cod which took place after the
temperature change in the surface waters of the North
Atlantic in 1929.

Another dgn of overfishing in a stock of fish is an
increase in the numbers of small young fish and a
decrease in the numbers of older largefish in the catches.
This too has been taking place on the home fishing
grounds to a dangerous extent. The plaice become
mature at about 39-40 cms. (about 16 inches) in the
North Seaand the Barentz Sea. Aslong ago as 1907 it was
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found that of over 2,000 fish measured in northern waters
nearly all were over 40 cms. long and mostly mature
while of about 900 measured in the North Sea nearly
all the fish were under this length and immature. Inthe
North Sea, therefore, the catches even then consisted
almost entirely of fish which ought to have been allowed
a chance to spawn and replenish the stock but were
never given time to do so before being swept up in the
trawl! to the detriment of the next year's brood of young.

However, this state of affairs, the steady depletion of
the home fishing grounds, had been foreseen. In 1902
the International Council for the Exploration of the Sea
was established in Copenhagen. It was realized that
fishery questions must be dealt with by international
agreement and the object of the Council was to carry
out scientific investigations into the stocks of fish and
make recommendations for the control of the industry.
There were several ways in which this control might be
exercised if the nations could agree to act together. They
all turned upon thisfact, which we havejust noticed, that
in each kind of fish, but particularly in the plaice, far
too many small immature fish were being taken by the
trawl, a dead loss to next year's fishing. It was at first
suggested that it might be possible to close certain areas
of sea to fishing at certain times of the year when the
young fish were known to congregate there. However,
there proved to be practical and political objections to
this idea and the fishing industry was opposed to it so
that the suggestion was dropped. Another suggestion
arose from the fact that if young plaice are transferred
from a densely crowded area to aless crowded one, where
food is more abundant, their growthis speeded up so that
they reach a much larger size in a shorter time. Several
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small scale experiments on these lines had been success:
ful with plaice and it was recommended that much
larger transplantations should be undertaken. Thousands
of young plaice were to be taken from the Flemish Bight
and other coastal areas and put down on the Dogger
Bank where, it was believed, they would grow more
quickly. However, this too has not so far been found
practicable and two other methods of control remained.
One was to fix a sze limit below which it would be
illegal to catch or land fish. This, it was thought, would
discourage trawlers from fishing on the grounds where
only small fish were to be found, but this plan also came
to nothing because no agreement could be reached, so
far as the plaice was concerned, as to the most suitable
sze limit to establish. The outbreak of war in 1914 put
an end to the discussons temporarily but they were
resumed after the war along quite different lines and a
fourth and last method of control was suggeted. This
was to increase the sze of the mesh of the net so as to
let a larger proportion of small fish through. The
difficulty here was that if the mesh were increased so as
to let through a large proportion of small fish of one sort,
say plaice, it would also let through too many large fish
of another sort, say whiting. A great many experiments
with special trawls were carried out during the twenties
and in 1933 an act was passd in Great Britain fixing
a minimum sze of three inches for the mesh of trawls
and a laying down certain sze limits for various
kinds of fish. In 1937 ten of the principal fishing
nations, on the recommendation of the International
Council, put their signature to a convention along the
lines of the British act though not all of them ratified it.
When the second World War broke out the regulations
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were suspended but in 1943 a conference was held in
London at which another draft convention was drawn
up between the various allied governments, many of
them in exile, embodying similar regulations for the
control of fishing after the war.

Fishery research aims ultimately at the solution of
several problems. Thereis the problem of the depletion
of the stocks of fish by overfishing. For the solution of this
the slow accumulation of accurate statistics is necessary.
From thefigurescollected the total yield and the density
of the stock can be watched from year to year. There is
the problem of the growth rate of the fish and the size
and age at which they reach maturity. It is obviously
important to know these before size limits can be fixed.
Then there is the problem of the age of the stock on the
various grounds and at various times. Al these questions
must be dealt with before an estimate can be made of
what is known as the optimum catch—the amount of
fish which can be taken out of the sa in any area to
provide a profitable industry without harming the stock.

The age of the fish can be found out by counting the
rings on the scaes, representing zones of summer and
winter growth, or the similar rings on the ear stones. |If
the lengths of all the fish of one sort, say the plaice or
herring, in arandom sample are measured it is found that
certain lengths predominate. These lengths, when linked
up with measurements on the scades and ear bones, are
found to distinguish groups of fish all of a certain age.
All thefishin each group were hatched, in other words,
in a certain year. There have, in fact, throughout the
history of our fisheriesbeen certain years distinguishable
as good years, which can be traced in the population for
many succeeding years by a diminishing dominance of
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fish all of a certain length. There have also been bad
years, years of scarcity, which can be traced in the
population in later years by a scarcity or absence of fish
ofintermediate lengths. Although the herring and other
pelagic fish are not at present in danger from overfishing,
yet they, as well as all kinds of demersal fish, are subject
to these unaccounatble fluctuations. The year 1904, for
instance, produced an enormous brood of herring fry
along the Norwegian coast. They were still traceable in
the catches of 1919 by an abundance offish fifteen years
old. In the North Sea the supply of haddock was very
much above the average in 1920, 1923, 1926, 1928 and
1931. What is the cause of these fluctuations? It is the
business of fishery research to find out. So far no answer
to the question has been found but it is at least certain
that it has nothing to do with the numbers of eggs shed,
for good spawning years have been, in the event, poor
brood years and vice versa. Whatever the factors may
be which influence survival it seems that the critical
period comes when the fish is a young fry. A shortage of
planktonic food, unsuitable temperatures, a shift of the
current, sweeping eggs and larvaeinto adver se conditions,
an increase in natural enemies—all these may cause high
mortality among the young fish. Conversely, correct
conditions may bring about a great increase in the young
fish and a good brood year. This is, indeed, a side of
fishery science about which as yet very little is known.
The problem is, at present at any rate, quite outside the
artificial control of man.

The attempts of mankind to supplement artificially
the stocks of fish in the sea have so far only occasionally
been successful on a limited scale. As we have seen
there has been some success in transplanting young plaice



SEA FISHERIES 193

from one ground to another and so speeding up their
growth but on this sde of the Atlantic artificial socks of
fish have never been added on a bigger enough scale to
influence the fishery very much on any part of the coadt.
In America, however, the eggs of the shad (Clupaea
sapidissima), which had been collected and hatched on the
Atlantic coast, were st free near the Sacramento River
in California and took so well to their new surroundings
that in a few years a profitable shad fishing industry
grew up on the Galifornian coast, thus artificially
created. Around our own coass plaice have been
hatched at Port Erin in thelseof M an and at Aberdeen
and s free into the sea with some success but never on
a scale large enough to have any effect on the fishery.
Recently, however, interesting work has been done in
certain enclosed or almost enclosed lochs on the west
coagt of Scotland. The water in these lochs was manured
in spring and early summer with nutrient salts with the
result that an immense increase in plant and animal
plankton took place. Plaice introduced into the lochs at
the same time added to themsdves two years normal
growth in the gpace of sx months and became mature
earlier than they normally would. These interesting
experiments, the work of naturalists at the Millport
Marine Biological Station in the Clyde, suggest the
possibility of artifically increasing the production of
plankton in the sea and so speeding up the growth offish.
But as the work is still going on it is best to leave the
subject of thefertilization of the ssawith a question mark.
We can say, at any rate, that anything that we may do
in thisdirection at present isliterally adropin the ocean,
quitewithout any effect on the processss that go onthere,
for these are on a scale far beyond our powers to match
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THE GREAT whales of the Antarctic form another marine
population which is being intensively fished and which
presents problems in many respects parallel to those of
our fisheries. Before the war a fleet of some forty whaling
factory ships, some of them of 20,000 tons or more,
worked along the edge of the Antarctic pack ice every
southern summer. Each ship took about 1,000 whales
a san and the efects of overfishing were beginning to
show themsdlves, not yet in any decline in the total yield
nor in the density of the stock such as we s to-day on
our home fishing grounds, but in an increase in the pro-
portion of small immature whales in the catches. This
was particularly evident in the years before the war in
the catches of the largest and commercially most valuable
whales, the Blue whales.

The whales which are hunted on a commercial scale
to-day are whalebone whales. They have, instead of
teeth, arow of horny fringed plates, triangular in shape,
hanging down on either sde from the upper jaw and no
teeth in the lower jaw. With these plates they filter out
of the water the plankton animals that are their food.
During the eighteenth century the Sperm whale, the
largest of the whales which have teeth and not whalebone
plates, was also hunted by the whalers all over the world
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but particularly in the Indian Ocean. Nowadays,
however, the commercial value of the Sperm whale, and
of the spermaceti which it carries in a cavity in its head,
has greatly diminished and this whale is not taken in
large numbers.

The great whalebone whales of the Antarctic are the
Blue (Balaenoptera musculus) and the Fin whale (B.
physalus). Another smaller whale, the Humpback
(Megaptera nodosa), is also taken from time to time. The
Blue whale is the largest animal in the world, probably
the largest that has ever lived, larger even than the giant
reptiles of the Mesozoic era. The cow is larger than the
bull and may reach a length of nearly a hundred feet—
the length of a three-car electric train. It isdate bluein
colour with a flattened head and a beautiful streamlined
shape, aremarkable example of parallel evolution, for the
whale is a mammal, descended possbly from some
creature not unlike a horse which lived in estuaries. It
has returned to the sea and, as a result, has acquired
again a fish-like shape, the great difference from a fish
remaining in its internal anatomy which is entirely that
of amammal. Thetail ishorizontal and not vertical like
that of a fish and the flippers conceal the five jointed
fingers of the mammalian hand. From its upper jaw
hang down on each side a row of black triangular horny
plates, the baleen or whalebone. The Fin whaleis some-
what smaller than the Blue and is nowadays taken in
greater numbers. It has a more lithe and dender fish
shape, is black above and white beneath and the cow
reaches a length of about eighty feet. The whalebone
plates are black on the left sde and cream coloured on
the right, a curious and mysterious asymmetry for which
the reason is not known. The Humpback is a much
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smaller whale. The cow reaches a length of about fifty
feet. It isblack and white, rather irregularly marked so
that it is rare to find two Humpbacks that are exactly
alike. It has a barrel shape with a dightly arched back,
from which it getsitsname, and enormously long flippers
covered with knobs and excrescences.

All these whales belong to the dass known as Rorquals
which have longitudinal pleats or grooves along the
under surface running from the chin to the navel. Again
the exact function of these pleats is not known but they
may make compresson of the chet eader under water
when the whale dives.

Whales spend their lives continually on the move.
During the Antarctic summer they roam in herds along
the edge of the pack ice where they feed on the vast
shoals of a small planktonic shrimp-like creature
(Euphausia superba) towhich the Nor wegian whaler sgive
the name krill. The whales swim through the shoals of
krill engulfing them in millions, forcing out the water
through their whalebone plates with their huge soft
inflated tongues. The tongue resembles a balloon
engorged with blood, with which the whale swegps the
krill, entangled on the plates, back into the small passage
of its gullet. In the Antarctic it has been established that
these Rorqual whales, the largest animals on earth, feed
on nothing but these small shrimps but they devour them
in countless millions. In the northern hemisphere they
feed on young herring, Galanus copepods or small
euphausids (Meganyctiphanes norvegica) rather like the
southern krill.

In the southern winter, however, part of the whale
population, though it is not known how large a part of
it, leaves the ice edge for warmer waters off the coasts
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of the southern continents. In the sub-tropical South
Atlantic, Indian and South Pacific Oceans, in clear calm
waters, the mating of the whalebone whales takes place.
It has hardly ever been witnessed but whalers have
described the gigantic copulations of the Humpback
whale off the coasts of Australia and New Zealand. The
two whales are said to lie side by side embracing each
other with their flippers. Other accounts describe how
they lash the water with their tails and with their flippers.
The cow whale bears and suckles her young like any
other mammal and her two mammae are in the inguinal
position where the domestic cow carries hers. It is said
that the cow whale shows great affection for her calf and,
ifitisinjured or in danger, circles round it and will not
forsake it. The Blue whale carries her calf for about ten
months before bearing it and the Fin whale for about
eleven months and, while pregnant, makes a trip to the
ice edge. The whales starve when they are in the tropics
for the krill does not live far from the Antarctic ice and
no other diet seems to be possible. Mating takes place in
June or July and the young whale is born about April or
M ay next year when the mother, fat and with breasts full
of milk after a season feeding in the south, is making her
way north again. Theyoung Blue whaleis about twenty
feet long when born and the young Fin whale a little
smaller and, as arule, thereisonly one young at a time.
The calf feeds at its mother's breast for thefirst six or seven
months of its life in the tropics and during that time has
no whalebone plates but the rudimentary buds of teeth
in the upperjaw. These, however, never break through,
but as the time for weaning approaches they die away.
Comb-like ridges appear on the upper jaw which pre-
sently, by the time the young whale is ready to feed for
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itsdf, become horny fringed whalebone plates. In two
or three years the young whale is ready to mate for the
first time and is by that time about three times the size
that it was at birth. A Blue whale, then, is about sixty
feet long when it becomes mature and a Fin whale about
fifty-five feet. Both are fully grown at six or eight years
old and a whale which survives to become twenty years
old is very ancient, so that the old idea that whales live
for hundreds of years is certainly quite wrong. The cow
Blue or Fin whale, then, has one young every two years
from the time she is two years old. The intermediate
months are spent carrying and suckling the young and
resting before the next pregnancy. The vast majority of
whales are killed before they reach an age of eight or ten
years so that it is not likely that many cow whales give
birth more than five times during their lives. Evid-
ently, then, the whale population is one that recruits
itself dowly and would be easily damaged beyond repair
by too intensive hunting.

The chase and capture of the great whales depends
upon the fact that snce the whale is a mammal it must
come to the surface to breathe. The Fin whale often
travels about the ocean in herds of up to fifty, called
schools, sometimes all of the same sx, but the Blue whale
travels in smaller schools of three or four. Both, however,
arefound travelling alone often enough. When not being
chased or disturbed they swim along just beneath the
aurface and, every few minutes, break surface to breathe.
The nogrils are on the top of the great flat head and,
just before the whale reaches the surface, a high fountain,
called the spout, shoots into the air some twenty feet.
This is ssa water, condensed water vapour and some
mucus forced out of the nogtrils by the violent exhalation.
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It is followed by a whistling intake of breath before the
whale disappears again. It is this spout, seen afar off
by the keen eyes of the masthead look-out, which betrays
the whale to his pursuer. The whale catchers are small
fast steamships of about 180 tons gross, with a low free-
board, a flared bow and a small turning angle. A
harpoon gun is mounted on a platform in the bows. The
harpoon is an iron spear about four feet long, muzzle
loaded into the gun and fired from it by a black powder
charge. It has an explosive head which, set off by a time
fuse, explodes inside the whale, breaking its back if the
harpoon has struck, as it should, between the shoulder
blades. When the whale has been struck he makes a
sounding dive, going down very deep, though how deep
is not known, possibly several hundred feet. He carries
out, attached to the harpoon, along length of line which
runs up over pulleys on the mast and down into the
hold. The whale may not immediately die after he has
been struck but may come to the surface and fight for his
life, so that an exciting half-hour or so may follow the
shot during which the whale is played like a gigantic
fish, the mast acting as a fishing rod. But when at last
he is dead he is hauled close to the ship, his spreading
tail flukes are cut off and compressed air is pumped into
his belly to make the carcass float. Then heistowed back
to the factory ship tail first and there stripped and cut
up for the boilers.

The blubber, from which the finest whale oil comes, is
a layer of crisp, fibrous white fat beneath the skin. The
whale, being a"mammal, is warm blooded, so that, like
all other mammals, it must have some protective cover-
ing as an insulation from the cold world in which it lives.
When it left the ancestral estuaries and took to the, sea it

(e}
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lost its hairy mammalian pelt except for a few sparse
bristles on the nose and chin. It developed instead this
layer of fat beneath the skin which may be as much as
nine inches thick on the flank of a whale fattened after
a long sojourn in the south, but only an inch or so on a
whale which has been starving in the tropics. But, in
addition, all the bones and tissues and all the body fluids
are heavily impregnated with oil so that on board the
factory every scrap of the whale's carcass is boiled down,
except the whalebone plates. A large Blue whale yields
about 14 to 15 tons of whale oil. Each factory ship takes
about 1,500 whales in a season. In the years before the
war some forty factory ships sailed from Europe alone,
so that somewhere about a million tons of whale oil
were brought back to Europe every year from the Ant-
arctic.

The only toothed whale which was at one time com-
mercially valuable is the Sperm whale. It is still taken
in small numbers in the Antarctic but it gives an oil
which is of less value than that of Blue and Fin whales
and which does not mix with other oils so that it has to
be stored separately. The Sperm whale, therefore, is
not taken nowadays when other whales are available.
It is an animal of weird appearance for its body seems to
consist entirely of a boiler-shaped head which contains
a reservoir full of an oily liquid, spermaceti, from which
at one time candles were made. Under the head is a
formidable snapping lower jaw like a rod armed with
conical teeth, while in the upper jaw there are no teeth
but only sockets into which the teeth on the lower jaw
fit when the mouth is closed. The Sperm whale lives
mainly in tropical waters and feeds on cuttle-fish, some
of them of huge sze—so large, indeed, that they have
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never been taken in any net and are only known from
the decaying remains found in the stomachs of these
Sperm whales, which alone are swift enough to catch
them. The horny beaks the cuttle-fish carry in their
heads sometimes set up an irritation in the intestines of
the whale so that a mucus concretion forms around
them. These hard pellets, which may be the size of a
baby's head, are voided into the sea and are at length
washed up on the shore. There was a time when,
should some lucky wanderer find these round hard
concretions lying on a beach, he would have been able
to sell them, so it is said, for agreat price and become a
millionaire at one bound, for these are pellets of amber-
gris, once so valuable for fixing the fragrance of perfumes.
But nowadays, alas, the manufacturers of scent are no
longer dependent on chance wanderers by the sea and
have devised other methods of making perfumes to cheat
beachcombers of their spoils and ambergris has lost its
value.

In the eighteenth century American and British
whalers hunted the Greenland and Biscay Right whales
in northern and temperate seas and the Sperm whale in
all the sees of the world. The Right whales, now almost
extinct, are whalebone whales with immensely long
baleen plates but no pleats running from the chin to the
navel. They are known as Right whales because the
old whalers distinguished two types of whales upon the
grounds, the right whales which were their prey, and
the wrong whales, the swifter Rorquals, which it was
usdess to pursue. They killed the Right whales and the
Sperm whales with hand harpoons from open boats and
boiled them down in pots on board ship or on the beach.
At the time of the American War of Independence there
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were about 700 American whaling ships on all the
world's oceans, more than twice the number of all the
other nations put together. The Americans and the
British, whose ships from Dundee and Peterhead ranked
next, are said to have worked together very agreeably
even though their two countries were at war. But by the
middle of the nineteenth century the great American
whaling industry had completely disappeared, having,
by overfishing, almost extinguished the whales which
gave it life. Modern whaling dates from about 1860
when the Norwegian captain, Svend Foyn, invented the
harpoon gun. This made possble the pursuit and
capture of the lithe swift Rorqual whales which hitherto
had been too fag for the open boats. From this time
onward until quite recent years whaling became a sort
of Norwegian preserve and to-day mog of the personnel
even of British ships is Norwegian. With the new
methods the whaling began again along the coast of
Norway, Iceland, the Faeroes and the Shetlands. Off
the coagt of Europe the whales feed in the north during
the summer and move south to breeding grounds off the
coads of Portugal and North Africa and around the
Azoresin thewinter. Therewerewinter whaling sations
on these sunny coads also. But by the opening of the
new century the same disaser had befallen the new
industry as overtook the old—the whales became too
scarce for profitable hunting. Whaling was carried on
from shore sations in those days and the catchers were
not the powerful vesds with a long steaming range that
they are now. The whale is a shy beast and, when
hunted too much in any neighbourhood, he moves off
to another so that it ssems probable that the whaling did
not so much diminish the stock in those northern waters
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as drive the whales away from the coast and out of range
of the catchers.

When the whaling declined in the waters of the
northern Atlantic the whalers began to turn their
attention to the rich grounds of the Antarctic from which
so many exploring expeditions had returned with reports
of great herds of whales. The first whaling factory was
established in South Georgiain 1902 and othersfollowed,
but many companies found it more convenient to use
converted cargo ships as factories and to anchor them
in harbours farther south in the South Shetlands. The
sunk volcanic crater of Deception Island made a con-
venient anchorage and here, in the years just after the
first World War, many ships, some of them very ancient,
lay at anchor all the summer so long as the harbour was
free from ice, their catchers hunting in the straits out-
side. The whales were stripped in the water alongside
the ship and the carcasses cast adrift in the harbour for
only the blubber was used in those days—the bad old
days of southern whaling—and the wastage was appal-
ling. To-day, nearly thirty years after, when the harbour
of Deception Island is silent and empty, its black sands
are strewn with whale bones, a memorial to that sensdess
sacrifice. Nevertheless, whaling from stations ashore or
from ships anchored in bays, profitable though it may be
at first, soon begins to show that it has certain dis-
advantages. In thefirst place, as we saw in the north,
the whales, if relentlessly hunted, move off elsewhere.
Secondly, since the whales spend their lives wandering
about the oceans along certain not very well known
routes, stations can only be established, or factory ships
anchored, within steaming range of those migration
routes. And even then they will only be of use as bases
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for whaling during the limited periods when the whales
are on passage through that particular area. Further, in
the far south, as at Deception, whaling cannot begin
until the ice clears and must cesse before it closes in.
Around South Georgia, not so far south, the shortening
of the hours of daylight at the end of summer aso limits
the hunting.

From the whaling ships anchored in harbours there
developed the modern pelagic system by which the entire
factory, with all its tanks, machinery and personnel, is
housed aboard ship. Nowadays the ships are specially
built for the purpose and combine the functions of factory
and tanker. Each is the mother ship of afleet of catchers
which, like the trawlers, are rapidly increasing in speed
and power. Immediately before the war there were
about forty European factory ships, mostly British and
Norwegian but some German. Several factories were
also operated by the Japanese. Some of these ships were
giants of over 20,000 tons gross capable of dealing with
about 1500 whales in a season of three months. The
total number of whales killed by the European factories
was between forty and fifty thousand. The Japanese,
who would submit to no kind of restriction, accounted
for several thousand more. The question was, therefore,
beginning to arise whether the slowly recruiting stock of
whales could stand the strain.

It had been foreseen, however, that this question
would eventually arise. In 1924 the British Colonial
Office st up a Committee to investigate the habits of
Antarctic whales in order that it might be possible at
some time in the future to draw up regulations for the
control of whaling. At that time the whaling was
entirely carried on within that sector of the Antarctic
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known as the Falkland Island sector, falling within a
triangle based on the Falkland Islands and with its apex
at the Pole. All this areais within the British Empire,
administered by the Falkland Islands Government. This
Committee's staff of scientists carried out patient and
arduous work at sea in the Royal Research Ships
Discovery Il and William Scoresby whose many voyages in
Antarctic ssas make up the greatest oceanographical
research since the voyage of the Challenger in 1872-76.
They dso worked from a laboratory ashore in South
Georgia where the carcasses of about 3,000 whales were
examined. The Norwegians, too, have been extremely
far sighted and active in carrying out whaling research
in factory ships and with their little research ship,
Norvegia. It was indeed one of the few rays of light that
shone in a darkening scene before the war when, largely
as aresult of this work in the south, the whaling nations
signed a convention in 1937 agreeing to a number of
rules for the control of whaling. They agreed, among
other things, to limit the season to three months and not
to work with fleets of more than seven catchers. They
agreed not to take whales under a certrin length which
could be easily judged from the deck of a catcher nor to
take cows running with calves and to use every scrap of
the carcass.

Now that the war is over there has been an even
greater increase in the fishing power of the whaling fleet.
Aircraft reconnaissance, radar and asdic devices are all
being pressed into service. Bigger and more efficient
factories are being built. In spite of that there has been
an increase in the total yield of only about 11% over pre-
war years and there has been a decrease in the average
age of Blue whales, the most valuable commercially.
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An increasing number of young immature whales is
being taken. Nevertheless we may hope that in the new
mass attack, which is being made with all the resources
of total war, upon the shy and harmless leviathan, it
will be found that wise control has been exercised in
time.



CHAPTER X
INSTRUMENTS AND METHODS

Aims of oceanography—Thework of a research ship—
Observation stations—Sounding—Water sampling—
The Nansen-Petter sen bottle—The Ekman reversing
bottle—Deep sea thermometer s—Plankton collecting
—Plankton nets—Vertical closing nets—Towed nets
—Depth recording instruments—Trawling and dredg-
ing—Hintsfor collecting, preserving and handling
animals at sea—Bottom sampling insruments.

I N OCEANOGRAPHY and in the study of fisheries the
principal aim of researchisto relate the plant and animal
populations to their world, the sea The general plan of
operations is divided into two primary parts. The first
part is concerned with the catches themselves and must
involve the examination of thousands of fish, either
aboard the fishing vessds or after the catches have been
landed, to find out what they feed on, when and where
they breed, the age of the population, the sex ratio and
0 on. All the fish will have to be measured and separ-
ated into groups and dasses for an accurate statistical
analysis of the catches. Marking experiments may be
carried out to trace migrations. All thiswork, however,
must be supplemented by the second part of the plan of
operations, the attack on the problems of the sea itself.
The movements of bodies of water must be traced from
one area to another. The movements and cyclical
changes in the dissolved salts and gases in the sea must
be observed. The unravelling of the life histories of all
the important living creatures, both plant and animal,
their relationships to each other, their distribution and
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reproduction, and all the factors—chemical, physical
and biological—affecting them are not the least of the
problems with which oceanographers have to deal.
This can obvioudy only be carried out at sea and falls
once more naturally into two parts, the study of the sa
water, its movements and chemical and physical pro-
perties, and the study of the animal and plant life in it,
whether plankton, nekton or benthos. It needs a ship
specially built for the purpose and equipped with a large
number of different instruments for collecting, measur-
ing and analysing samples of sea water as well as many
different kinds of nets, dredges and trawls for sampling
the living population of the sea.

In order to observe and trace the great seasonal and
cyclic changes which go on in the s=a it is important to
make repeated observations over a selected area and to
repeat them at regular intervals throughout the year for
as many years as possble. One of the objects for which
the International Council for the Exploration of the Sea
was founded was just this—the taking of regular co-
ordinated repeated observations in areas of sa which
would bethus kept permanently under review. Thefirst
ship to carry out a programme of regularly repeated
cruises in the deep ocean was the Michadl Sars, built in
1900 by the Norwegian Government. She took observa-
tions at regular intervals in the North Atlantic for a
number of years. Since then most of the marine bio-
logical and fishery research sations in the world have,
with vesds of one sort or another, carried out similar
investigations over restricted areas of their local seas
But the first ship to do so on a really world-wide scale
wasthe Discovery || when, in the early thirties, the growth
of pelagic whaling extended the field of her research
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round the whole vast area of the Southern Ocean.
Certain meridians of longitude were selected, that of 78°
West and that of Greenwich, and along these, at intervals
throughout the year, series of observations were taken
from some point north of the antarctic convergence
southwards. Between these meridians more extensive
surveys were carried out at approximately half-yearly
or yearly intervals over wider areas, such as, for instance,
the whole area of the Falkland Islands sector from the
Horn on the west to the eastern margin of the Weddell
Sea on the east.

The work of every research ship is based on the same
fundamental twofold plan, with separate but co-
ordinated physico-chemical and biological sections,
whether the area to be studied is a local one, like the
North Sea, or aworld-wide onelike the Southern Ocean.

Observations are taken at points selected beforehand
when the plan of research is mapped out. At each point
a series of samples of sea water is collected and tempera-
ture readings are taken at fixed depths from the surface
down to the bottom. The samples are analysed by the
chemists for their salt content, density, oxygen, phos-
phate, nitrate and silicate content and any other physical
or chemical properties which it may be necessary to
study. At the same time, or immediately afterwards,
samples of the plankton are taken with nets of various
patterns from selected depths. Or the benthos may be
sampled with a dredge, or atrawl may be shot to sample
the benthos and the fish that live onit.

In the Discovery I, when a survey of the plankton of
the open ocean was in progress, a full series of observa-
tions was usually taken at night because during the hours
of darkness the plankton is more abundant at the surface.
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Intermediate observations, however, might aso be taken
during the day. The ship steamed along the route over
which the observations were to be taken and stopped at
night, usually a few hours after sunset, in order to take
a complete series of temperature readings and water
samples from the surface to near the bottom and bio-
logical collections from routine levels down to about 500
fathoms. In fair weather, with the ship maintaining a
constant average speed, one may be fairly sure that the
observation points, or stations as they are called, will
be evenly spaced along the route, but if bad weather inter-
feres with the programme, as it often does in southern
waters, the times at which observations are taken must
be adjusted. The first observation to be taken at each
point must obviously be the depth of the sea, since we
wish to take water samples down to as near the bottom
as possible. In the old days of the Challenger, and even
as late as the early years of the Discovery Committee's
work, soundings had to be taken by the simple but
laborious and inaccurate method of lowering a weight to
the bottom on the end of arope or, later, on a pianoforte
wire. A sounding of severa thousand fathoms by this
method might take many hours to accomplish and, if
anything went wrong, thousands of fathoms of expensive
wire and hours of equally valuable time and much
temper were lost. But of recent years the modern method
of echo sounding has done away with this laborious
process. This is not the place in which to describe the
echo-sounding device, and its principles, anyhow, are
well enough known. A diaphragm on the ship's bottom
iselectrically vibrated and the vibrations travel down to
the bottom of the ocean, returning as an echo which is
picked up by a receiving diaphragm and electrically
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recorded. Sounding in the deepest water in the roughest
weather is, by this method, only a matter of seconds. L et
us suppose that the depth of the sea at our station is
3,875 metres (nearly 2,000 fathoms). We shall then need
to take temperature readings and water samples from
the surface to within a safe distance of that depth. Now
the plankton population, living asit does mainly within
the surface 100 metres (50 fathoms), is more intimately
related to the chemical and physical properties of the
water within that layer than to those of the layers below.
Conditions aso in this upper layer are more variable
than in the more uniform and stable layers below about
100 fathoms. In order to obtain our world-wide picture
of the ocean and the movements of water masses we must
take observations down to the bottom, for such a picture
will be the result of the co-ordinated analyses of thous-
ands of samples of sea water. Temperature readings and
water samples are therefore taken at frequent intervals
down to about 200 metres (100 fathoms), but at much
wider intervals in the more stable deeper layers.

For the shallower observations down to about 200
metres a type of instrument is used which is rapidly
lowered to the required depth, collects a water sample
at that depth and records a temperature and is then
hauled swiftly up again and emptied of its water sample.
The temperature is read and the instrument immediately
and quickly lowered to the next depth. This is the
Nansen-Pettersen type of water bottle. It consists
essentially of a metal cylinder, made of bright metal on
the outside so as to reduce the absorption of radiant heat,
and insulated on the inside by a number of concentric
jackets, so that the sample, once collected, does not lose
heat to the surrounding water or gain heat fromit. The
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cylinder is carried in a rectangular metal frame and the
disc-shaped plates that dose it at the top and bottom are
held open by springs until the instrument reaches the
depth from which the sample is to be collected. A
thermometer carried in a shaft at the top of the bottle
records the temperature of the sample.

Sampling ingtruments are lowered into the water
attached to sted wires running off winch drums. To
each winch drum a revolution counter is attached so
that the depth to which the instrument descends can be
read off directly from the amount of wire which has been
paid out. Thewiresrun up over davits on the ship's Sde,
passing over a sysem of sprung pulleys, known as
accumulators, which neutralize and damp down the
uneven grains caused by the congtant rolling of the ship.
In heavy weather the violent jerking movements of the
ship would certainly break even the srongest wires.

The Nansen-Pettersen bottle is attached to the end of
its wire and lowered to the required depth as indicated
by the revolution counter. A small conical weight,
known as a messenger, is then clipped on to the wire and,
dliding down it, strikes a catch on the head shaft of the
frame of the bottle. This reeases the springs that hold
open the top and bottom plates of the cylinder so that
they snap to and dose the bottle. A sample of water at
that depth is thus trapped. The thermometer takes up
the temperature of the sample while the bottle is being
hauled to the surface. When the instrument has been
brought up on deck the temperature reading is at once
taken and the water is run out from the cylinder into a
stoppered glass bottle, labelled and put asde for analysis.

The Nansen-Pettersen bottle can be used for all the
samples which are taken from the shallower depths. It
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can be lowered quickly and hauled in quickly and each
observation occupies only a few minutes but, for a
number of practical reasons, it cannot be used for the
greater depths. In the first place it would take too long
to lower the bottle to each of the depths below 200
metres in turn and haul it in again and, in the second
place, the sample would have time to acquire a differ-
ent temperature by the time it reached the surface.
Further, the temperature of the sample is different at the
great depth from which it is collected from its tempera-
ture when it reaches the surface because of the difference
of hydrostatic pressure between the two levels. We must
therefore use for these greater depths some kind of
thermometer which will permanently register the
temperature at the level from which the sample is taken.

For all readings and samples below about 400 metres,
therefore, a different type of bottle is used, known as the
Ekman reversing bottle. A string of these instruments is
attached to the same wire so arranged that when all the
wire has been paid out the bottles stand at the levels
from which the samples are to be taken.

Each Ekman bottle consists, like the Nansen-Pettersen
type, of an insulated metal cylinder s&t in a rectangular
frame which can be clamped laterally to the wire by a
screw clamp. Each cylinder is weighted at one end and
pivots upon a central axis. When the bottle is open the
weighted end of the cylinder is upwards, held in place by
a spring catch. The disc plates which form the top and
bottom of the cylinder are held apart by rods which ride
upon central cams around the pivot of the cylinder.
When the instrument has reached the proper level a
messenger is sent down the wire, strikes a lever on top of
the frame and releases the catch holding the weighted
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head of the cylinder. The cylinder, overbalanced by its
weighted head, turns over and clips into postion the
other way up with the weighted end downwards. As it
turns over the rods ride over their cams and, helped by
springs indde the bottle, bring down the plates on the
top and bottom, closing the cylinder and trapping a
sample of water in the same way as in the Nansen-
Pettersen pattern. When the topmost instrument in the
string, or flight, swings over it reeases another messenger
attached beneath it which travels down the wire and
grikes the bottle below. This in turn reeasess a third
messenger and so on. Thus the whole flight of bottles is
closed by sending down a single messenger from above.

The thermometers used with the Ekman bottle are of
a different type from the ordinary pattern used with the
Nansen-Pettersen bottle. Small temperature differences
at great depths may profoundly affect the density of the
water so that readings may need to be accurate to within
one hundredth of a degree centigrade. For this reason
two thermometers are carried on each bottle so that one
may act as a check on the other. Further, the length of
the mercury thread in a thermometer is quite consider-
ably affected at great depths by the hydrostatic pressure
acting on the bulb. Unless, therefore, a thermometer is
protected against pressure it reads inaccurately. Accord-
ingly a deep sea thermometer is enclosed in a stout glass
tube partially evacuated except for the portion surround-
ing the mercury reservoir. This contains a mercury
jacket which acts as a heat conductor between the bulb
of the thermometer and the surrounding water. Another
point is that a thermometer of the normal pattern takes
up its temperature reading but does not hold it unless
there is some device to enable it to do 0. A normal
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thermometer lowered to 3,000 metres would show quite
a different temperature from the true one by the time it
reached the surface. The thermometer used with the
Ekman bottle, therefore, has a thread curled into an
S-shaped bend or into a loop and constricted above the
bulb, or it may be provided with a short blind branch.
There is an enlargement at the other, upper end of the
capillary and the mercury thread fills the whole of the
capillary and part of this upper enlargement as well.
The amount of mercury in the swollen upper end
depends on the temperature. The thermometer is
lowered on the Ekman bottle with the reservoir down-
wards and takes up the temperature at the level of the
reading in that position. When the messenger strikes
and the bottle cylinder turns over, the thermometers
turn over with it. The mercury thread breaks at the
constriction within theloop and the mercury in the stem
runs back into the enlargement at the other end of the
capillary. Thetemperatureisread off on ascaewhichis
graduated for the reversed inverted position. As acheck
against the temperature at the time of reading a small
auxiliary thermometer of the ordinary type is enclosed
with the constricted onein the protective glass tube. An
unprotected thermometer may be used alongside the
protected one. The protected one then reads the true
temperature at the depth of the sample while the other
has an added error which is due to pressure. The amount
of this error is known for different pressures and, by
noting the difference between the two thermometers,
it is possible to tell exactly at what depth the instrument
was standing when the temperature was recorded, for
it is obviousthat alength of several thousand feet of wire
hanging in the water from a ship, which can never
P
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remain absolutely stationary when hove to, will never be
truly vertical and will often be far from it. Even a
small dope on the wire away from the vertical will make
a large error in the leves at which the instruments,
especially the lower ones, really stand. When the bottle
comes up to the surface the cylinder is turned over by
hand to open the bottle and the mercury threads of the
thermometers join up once more, becoming continuous
with the mercury in the bulbs.

These are the insruments used many hundreds of
times during a survey of the open ocean. At the same
time samples of the plankton are collected with nets of
varying fineness. The whole aim of this kind of work at
sa is to make the observations as nearly comparable as
possble. That iswhy repeated observations are taken at
the same place at fixed intervals of time. That is why
temperatures, water samples and biological collections
are taken from the same levels at station after station.
So that for collecting samples of the plankton also we
must always use nets of a standard dze and pattern,
made of material of standard mesh. Further we try, as
far as possble to fish through columns of water of the
same standard dimensions.

The nets used for collecting plankton may be of many
sizes and be made with meshes of many degrees of fine-
nes or coarsgness according to the kind of catch re-
quired. The nets used for catching diatoms and nanno-
plankton are made of fine silk with approximately 200
threads to the inch. Somewhat coarser nets are used for
catching microplankton and the smaller animals of the
macroplankton. These are made of two kinds of sk
with 40 and 70 threads to the inch. Still coarser nets,
made of canvas with about 12 threads to the inch, are
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used for catching macroplankton. But all these, no
matter what their sze or mesh, are built on the same
basic pattern. A conical bag of netting is attached to a
circular metal ring, which forms the mouth, and at the
apical end of the cone is another ring, very much
narrower, on to which is screwed a small metal bucket
for collecting the catch. The small fine silk nets used for
diatoms have a mouth 50 cms. in diameter. The coarser
slk nets for collecting microplankton have aring 70 cms.
in diameter, while the canvas nets mog frequently used
for macroplankton have a mouth one metre in diameter,
but others of larger size are often used, the largest having
a ring 4% metres (about 15 feet) across—the largest
plankton net ever used. Only the small 50 cms. and 70
cms. nets, however, are used for repeated routine vertical
hauls, dnce the larger types are too cumbersome to use
for this work and would not take a big enough catch in
a limited vertical column of water to make their use
worth while.

The small diatom net is only used in the upper 50
metres and is hauled from that depth open to the surface
dnce it is only in this surface layer that the diatoms exist
in dgnificant amounts. The 70 cms. silk net, however,
is hauled through standard layers of water at various
levels between ,1,000 metres and the surface. At the top
of each layer the net is closed and hauled swiftly to the
surface, emptied of its catch, lowered open to the depth
at which it had dosed and hauled through the next layer
above and so on. The thickness of the layers may be
varied, of course, according to the kind of information
that isrequired.

The wire to which the nets are attached for hauling
vertically runs off a winch drum, to which a revolution
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counter is connected, and over a davit with accumula-
torsjust as do the wires which carry the water bottles.
Three bridles, made of wire for the diatom net and of
metal for the larger 70 cms. net, connect the ring of the
net to a spring trip mechanism on the end of the wire.
A rope girdle, called the throttling band, encircling the
net around its middle, is aso connected to the trip
mechanism. The net is lowered open to the depth from
which it is to be hauled, say 1,000 metres. It is then
slowly hauled upward at a speed of one metre per
second. As it approaches the depth at which it is to be
closed, say 750 metres, a messenger is sent down the wire,
timed to strike the trip mechanism at that depth. The
messenger depresses a catch so that the bridles carrying
the net and the mouth of the net fall away, leaving the
net hanging from the trip mechanism by the rope throt-
tling band which constricts the net about its middle and
closes it. It is seldom that the net closes exactly at the
depth required but the error is usually small enough to
be ignored in work of this sort into which enter so many
other errors that can neither be measured nor avoided,
such, for instance, as a slant on the wires which may
carry the net away from the depth shown on the revolu-
tion counter, the possibility of the net catching some
animals on the way out or of some avoiding the net by
swimming away from it, or variation in the size of the
catch caused by shoaling of the plankton and so on.
These vertical hauls, however, do not take very large
catches. Even in the richest waters in the height of
summer the largest catch with a vertical net seldom fills
a half-pound jar. If diatoms are very abundant they
clog the net and make the catch bulk largely but it is
the zooplankton that these nets are intended to catch.
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Furthermore only the small nets can be used since the
larger ones are too cumbersome to handle. Accordingly,
in order to obtain larger samples of the plankton, though
from less evenly standardized layers, nets must be towed
for some distance through the water either obliquely or
horizontally. Thisis done over the stern of the ship under
weigh at slow speed steaming into the wind. Flights of
nets of convenient size may be attached serially to a
stout trawling wire running off a winch over fair leads
on the poop rail. Each net is closed by a messenger
released from the one above it, the top one of the flight
by a messenger clipped on to the trawling wire from the
deck. Each messenger strikes the trip mechanism of the
net and releases the ring so that the net is held by the
throttling band about its middle, at the same time setting
free a messenger which dides down the wire to the net
below. In this way flights of four, six or eight nets,
attached at suitable intervals along the wire, can be
towed together.

The exact depths between which nets fish when they
are towed and closed in this manner vary greatly. A
length of wire is paid out over the stern of the ship equal
to twice the depth from which it is intended to begin
hauling the lowest net, but the actual depth to which the
net sinks depends on the speed of the ship and the slope
of the wire as it enters the water. It aso depends on the
size and length of the wire and the number and size of
the nets attached to it. The nearest approximation to
the correct depth is obtained if the wire enters the water
at an angle of 45° and the speed of the ship must be
varied to keep that angle constant. Small variations in
the angle of the wire make a great difference to the depth
of the net and small alterations in the speed of the ship
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make a great difference to the angle of the wire. It is
usual, however, to attach to the wire near the net some
kind of instrument for measuring the exact depth to
which the net dexcends When nets are towed open to
the surface through shallow depths a Kelvin tube is
sometimes used, lashed to a rod near the net or to a
streamlined lead on the end of the wire. It is a simple
device familiar to every sailor. It condds of a narrow
gass tube about 18 inches long, lined on the inside by a
coating of red slver chromate. Hydrostatic pressure
forces the water into the tube to a distance which depends
on the depth to which the tube has descended, dissolving
away the red lining along a portion of the tube. The
length of the colourless portion of the tube is compared
with a measured scale to give a reading of the depth.
This, however, is only a record of the greatest depth
reached by the net. It gives no indication of the levels
between which the net has fished nor does it give
accurate readings for depths greater than about 75
fathoms. For greater depths than this two reversing and
constricted thermometers may be used, one protected
and one unprotected, held in a rectangular frame
attached to the wire near the lowest net and reversed
by a messenger, but, again, thisis only a single reading.
It records only the greatest depth reached by the net.
A much more satisfactory instrument is the Budenburg
depth gauge of a special modified pattern which traces
a graph of the movements of the nets under water. It
is attached to the end of the towing wire and congds of
a U-shaped hollow pressure tube encased in a heavy cast
iron water-tight cylinder. A small hole in the bottom of
the cylinder leads into the tube. The U of the tube
expands under the influence of hydrostatic pressure
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exactly as does a steam gauge tube. One arm of the tube
is fixed but the other moves a pen which writes on a
revolving paper disc propelled by clockwork. As the
gauge descends the pen arm moves away from the centre
of the disc and makes a sloping trace on the paper. As
the nets are hauled slowly in, the pen arm begins to
approach the centre again and, as each net closes, the
slight jerk of the wire is recorded by the pen. The
distance of the trace from the centre of the disc is then
a measure of the depth of the instrument at any par-
ticular moment during the haul and a complete graph of
the path of the instrument under water is recorded.

These, very briefly, are the kinds of observationswhich
were made at many hundreds of stations worked by the
Discovery II. They differ little from those worked by
other research ships which carry out plankton research
in the open ocean except that they were, perhaps, on a
rather larger scae. The water samples, when collected,
were put aside in clean stoppered glass bottles for
anaysisin the laboratory. The samples of plankton were
emptied out of the buckets of the nets and pickled in
10 per cent, formalin in glass screw-topped preserving
jars of suitable sizes. They ranged in size from small hal f
poundjars to large seven pound ones. Every sample was
carefully labelled with the serial number of the station,
the date, the type of net in which it was taken and the
depths through which the nets fished. In the laboratory,
eventually, every sample must be sorted, every animal
identified and recorded in alog, though this, with such
a vast accumulation of material, must inevitably take
years to complete.

As may be imagined plankton work of this sort is
unspectacular and wearisome. It is, in fact, the careful
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routine collection of statistics. It seems, to the layman,
to have no immediately visible result and no immediately
ascertainable goal. Spectators soon tire of watching the
scientists endlessly repeating the same routine over and
over again and it is not long before no one, whose duty
does not compel hispresence on deck, attendsthesenightly
ceremonies. The nets always bring in what appears to
be the same uninspiring harvest of almost invisible
seed-like objects which, to the uninitiated, seem to be
exactly the same from whatever part of the wide ocean
they are taken. It is not altogether surprising, perhaps,
that many of the crew should come to the conclusion
that scientists are a little mad.

Intheinvestigation of fishing groundsroutine plankton
work such as this must be supplemented by collections
of the benthos, on which the fish feed, and by samples
of the bottom on which the benthos lives. For this
purpose dredges and trawls of various patterns are used.
Then, indeed, the interest of all the ship's company
revives and the activities of the scientists become com-
prehensible as the mass of living creatures is emptied
out upon the deck, the urchins with their myriad spines,
the brittle stars shedding their arms, the feebly groping
feather stars, the starfish with their slow deliberate
movements, the frantically wriggling bristle worms and
the formless, apparently lifeless creatures that open out
into flower-like beauty when placed in clean cold water.

A small otter trawl may be used for this sort of work
but it is unsatisfactory to handle if the ship is not fitted
with forward trawling gallows. The handiest and most
useful instrument for sampling the benthos is the
naturalist's dredge. It consists of a bag of stout netting
attached to a rectangular steel frame, usually 4 feet long
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and i foot in breadth. The frame has a bevelled edge
about 3 inches wide which digs into the bottom and
double bars, attached to the frame on each side, form
arms by means of which the dredge is made fagt to the
towing wire. A stout canvas apron above and below the
bag of the netting protects it from the wear and tear of
the rough bottoms over which the dredgeis hauled. The
strain on such an apparatus as this, when it is hauled
over rocky and stony grounds, is very great and few rope
dredges last long—the rope bag becomes torn and the
steel frame bent and twisted.

A small conical dredge is sometimes used to bring up
samples of the soft bottom and the animals that live in
sand, mud or small stones. Itis simply aconical canvas
bagwith amouthreinforced by acircular steel rimwhich
bites into the bottom like a shovel. Another instrument
used for bringing up samples of the bottom isthe Pettersen
grab which consists of two steel jaws which bite out a
measured area of the bottom. It can be used for making
quantitative estimates of the benthos population in soft
grounds.

When dredging it is the usual practice to pay out a
length of towing wire equal to three times the depth of
the water where it is intended to dredge. The ship then
steams slowly ahead into the wind with a speed of aknot
or so. It is easy enough tojudge when the dredge is on
the bottom by placing the hand on the wire and feeling
the quivering strain upon it as the dredge drags over the
bottom. When the catch comesin it is emptied upon the
deck and carefully sorted. All animals must be placed
in clean water at once, for one of the elementary rules of
collecting is that living creatures must never be allowed
to dry up. Nor must they be handled. Marine animals



224 THE OCEAN

have a violent and not unnatural distaste for hot human
hands. In fact many animals react violently to handling.
Brittle sars and feather stars immediately snap off their
arms. Sea-cucumbers eviscerate themsdves and leave a
sticky stringy mess of intestines behind. A great many
beautiful bristle worms dough off the plates, the elytra,
which they carry on their backs. No attempt must be
made to separate animals which are found adhering to
one another in dose communities. Most of the animals
will be in a gtate of shock from their rough treatment in
the dredge and from their sudden exposure to air. All
polyps will be withdrawn. Wormswill be shrunken and
motionless and withdrawn into their tubes, if they have
them. Molluscs will be retracted into their shdls with
their opercula, if they have them, tightly closing the
entrance. But in clean cold water they all soon revive.
Too many animals should not be placed in the same
basin nor should the water be allowed to become foul,
but if left overnight in a cool place the polyps will open
again, the worms revive and stretch themsdves out, the
tube-living ones putting forth once more their feathery
crowns. The molluscs will glide about seeking new and
more comfortable situations. When all the animals are
fully expanded again a few crystals of menthol or chloral
hydrate are sprinkled on top of the water. This has an
anaesthetic effect. It relaxes the musdes so that polyps
cannot withdraw themsdves. Tube-living worms remain
with their crowns of tentacles permanently unfurled,
while molluscs remain extended and motionless. When
all movement has ceased, after some hours, the animals
may be fixed in this distended condition in 10 per cent,
formalin. Some, however, require rather special treat-
ment. For instance delicate worms and eel larvae
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(Leptocephali) are best stretched out on blotting paper
moistened with formalin and then gently stroked with
acamel's hair brush until they are well extended. Every
animal should, as far as possible, be placed in a separate
glassjar or tube and well covered by liquid so that there
is no risk of any part of it drying up. Every tube orjar
should be carefully labelled at once—and this is another
of the collector's golden rules, that every specimen must
be labelled clearly and at once. The label should carry
the serial number of the station at which the specimen
was taken, the date, the type of dredge used, the depth
of the water where the dredge was used and the order,
family or genus to which the specimen belongs. Some-
where, either on alabel or in aseparate | og, towhich the
label carries a reference, there should be notes on the
colours of the specimen, since in formalin these soon fade,
on the other animals found in association with it and
indeed on any facts about the specimen which appear to
be at all worthy of note. Specimens preserved in tubes
should not be corked for corks are never air tight. The
tubes should be closed with wads of cotton wool wrapped
in tissue paper. As many tubes as possible containing
animals of the same type should then be placed together,
packed in cotton wool, in screw-topped jars of suitable
size full of formalin.

Crustacea and other animals with hard external parts,
such as echinoderms, are best changed into 70 per cent.
alcohol after preliminary fixationinformalin. Particular
care should be taken to see that the formalin is neutral
for if it is at all acid calcareous animals, such as echi-
noderms and fase corals, will be damaged by solution.
Accordingly a bag of ordinary borax should be kept
hanging in thetank in whichtheformalinis stored. For
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many animals with delicate tissues requiring special
examination or special treatment in the laboratory a
mixture of formalin and picric acid is used (Bouin's
solution) which has an excellent hardening effect. After
a day or two it should be replaced by successve changes
of 70 per cent. alcohol. It is in fact, a good rule to
change the liquid in all tubes after the specimens have
occupied them for a day or 0. The original fixative,
stained with colouring matter which has soaked out of
the specimen, should be renewed until it remains
clear.

As little as possble of a sample brought up with a
dredge should be thrown away. When all the visible
living creatures have been sorted out the resdue of sand
or mud, or a convenient fraction of it, should be pre-
served in a screw-topped jar in alcohol and carefully
labelled. For the resdue will undoubtedly contain
Foraminifera and other microscopic creatureswhich will
at alater daterequirethe attention of an expert.

All these smple rules for collecting, labelling and pre-
serving specimens are of immense importance and make
a very great difference to the value of the collections
when they finally reach the experts who will identify
them. For the identification of marine, and indeed all
other, animals is an expert'sjob. Practice and experi-
ence enable the collector to identify some of his catch on
the spot, but for systematic cataloguing and classification
the specimens, labelled and preserved as carefully as
possible, must be submitted to experts who often work in
the great museums where they can compare the collec-
tions with those of other expeditions.

The various instruments for taking cores of the soft
deep-sea depodits may be used from time to time by any
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research vessel but they do not form part of the equip-
ment for taking repeated routine observations. Samples
of the deep-sea deposits are of great academic interest
and importance but a ship engaged on a full programme
of fishery research seldom has time for such work as this
which belongs properly to the province of pure explora-
tion. A sample of ooze from a depth of severa thousand
fathoms may take hours to obtain and the operation is
a hazardous one for it may involve the loss of thousands
of fathoms of wire and much valuable time. Neverthe-
less, on several occasions, as opportunity arose, cores of
the bottom were taken by the Discovery 11 in deep water.
For shallower depths, down to about 250 fathoms, the
instrument used consists of a conical lead weighing 28
Ibs. At its lower end is a short metal cylinder about
7 inches long. The core, which can only be a short one,
is driven into this cylinder by the weight of the instru-
ment as it strikes the bottom. A pair of butterfly valves
at the opening of the cylinder prevent the core from being
washed out while the apparatus is being hauled to the
surface and a series of holes at the upper end allows the
water to escape as the core is forced into the cylinder.
At greater depths than this a heavier weight is neces-
sary but, because of the lightness of the pianoforte wire
which must be used, the weights must be detachable
since otherwise the instrument could not be hauled up
but would break the wire. The type of instrument used
for deep bottom cores is known as the Baillie rod. The
instrument itself weighs only 10 Ibs. and works on the
same principle as the other type but it is used with heavy
cast iron sinkers which become detached when the
instrument strikes the bottom. Another type of core
sampler used for deep water is the Ekman-Nansen
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pattern which is not essentially different from the Baillie
rod. It has a detachable weight but is about five feet
long and has a thick glass tube within it into which the
bottom coreisforced. Thiscan beremoved and the core
examined in one piece.

There are many other instruments used in ocean-
ographical research but there is no space to describe
them here—current meters, underwater photometers,
continuous plankton recorders. All are becoming more
complicated and refined as experience of their use
accumulates. The technique of the science of the sea has
made great strides since the days of the Challenger. When
she made her pioneering voyage round the world in
1872-6 there were no sted wires and ordinary Manila
rope was used for all purposes. Accumulators were
made of stout rubber bands. Nets were always towed
open to the surface for the closng mechanism had
not been invented and it was not posshle to make
quantitative hauls through standard comparable layers
of water. There was no way of judging the depth of
any net or instrument save by the amount of rope paid
out. The ship hersdf was a sailing ship which drifted
with the wind when stopped so that the instruments and
nets must have often trailed to leeward. Nevertheless
the great men who were her sientigs Sir Wyvillc
Thomson, Sir John M urray and Professor H. N. Moseley,
laid the foundations of the moder n science of the sea with
its refined and complicated technique. We may be
proud of their achievements and confident that they
have worthy successors

No inhabitant of these misty idands lives far from the
seq, and for this reason, perhaps, the sea isin our blood.
Only aseafaring people, with amaritimetradition, could
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in time of war so quickly and so easily have turned the
boys from its mean streets into sailors. And now, intime
of peace, we leave our teeming cities every summer to pay
homage, after our own manner, to the sea, as though in
acknowledgement of the many blessings that we owe to
it. We refresh our spirits with its changeful beauty and
eternal mystery. But few of us, perhaps, realize as we do
so that we are in fact playing on the confines of a vast
and multitudinous world where even now, with our
complicated instruments, we can only grope feebly for
the truth. Much of that world remains hidden. If these
pages have helped to make clear some of its mysteries
they will have served their purpose.
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