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PREFACE

Most of the following essays have appeared in the
pages of the Quarterly Review, and 1 am greatly
indebted to the editor and to the proprietor of that
periodical for permission to reprint them. The article
on ‘The Infinite Torment of Flies’ is an address I
delivered before the British Association at Pretoria
in 1905, and the eighth essay appeared in Science
Progress.

As far as possible I have tried to avoid the use of
long words, and thus escape the censure of recent
critics in the Zymes ; but 1 fear I have not altogether
succeeded, and my excuse must be that with new
discoveries new conceptions arise, and these con-
ceptions require new names, or we cannot talk or
write about them with any precision.

The essay dealing with zebras and hybrids was the
first to be written, and appeared before the rediscovery
of Mendel’s remarkable work, and must be regarded
as a pre-Mendelian contribution to a subject which
has recently, in connexion with the Deceased Wife’s
Sister Bill, again aroused attention. Had it been
written later the language and the attitude taken
would have been modified by recent research.

In the inquiry into the aims and finance of Cambridge

University—the only essay which does not deal with
vii
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questions of economic zoology—1I have had the great
advantage of the collaboration of Mr. H. A. Roberts,
the Secretary of the Cambridge University Associa-
tion. But for his help I fear I should have lost my
way in the intricate mazes of the University accounts.

For the care he has taken in making the Index, I
owe thanks to Mr. G. W. Webb, of the University
Library.

AT 6
CHrisT's COLLEGE,
CAMBRIDGE.
Mawch 10, 1908.
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PEARLS AND PARASITES

Know you, perchance, how that poov formless wretch—
The Oyster—gems his shallow moon-lit chalice ?
Sir EpwIN ARNOLD.

Certain Eastern peoples believe that pearls are due to
raindrops falling into the oyster-shells which con-
veniently gape to receive them.

¢ Precious the tear as that rain from the sky
Which turns into pearls as it falls on the sea,’

as the poet Moore writes. This belief is of ancient
origin, and is probably derived from classical sources,
since Pliny tells us that the view prevalent in his time
was that pearls arise from certain secretions formed
by the oyster around drops of rain which have some-
how effected an entrance into the mantle cavity of the
mollusc. Probably this theory of the origin of pearls
has ceased to be held for many centuries except in the
East, where tradition has always received more credit
than experiment. In the West it has long been
known that pearls are formed as a pathological secre-
tion of the mineral arragonite, combined with a certain
amount of organic material, formed by the oyster or
other mollusc around some foreign body, whose pre-
sence forms the irritant which stimulates the secre-
tion. This secretion is of the same chemical and
mineralogical nature as the mother-of-pearl which
I
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gives the inside of the shell of so many molluscs a
beautiful iridescent sheen.

An oyster-shell consists of three layers, the outer-
most termed the periostracum, the middle the pris-
matic layer, and the innermost the nacreous layer.
Everywhere the shell is lined by the mantle, consist-
ing of a right and left fold or flap of the skin, which is
in contact with the nacreous layer all over the inside
of the shell. ~ The edge of the mantle is thickened
and forms a ridge or margin; and it is this edge
which secretes the two outer layers. This permits the
shell to grow at its edge whilst the rest of the mantle
secretes all over its surface the nacreous or pearly
layer. The relative thickness of these three layers
varies very greatly. In the fresh-water mussel
(Unio) the nacreous layer is many times thicker than
the two outer layers put together; and such nacreous
shells are usually associated with molluscs which are
known to represent very ancient or ancestral species.
It is also the layer which disappears most readily as
the specimens become fossilized ; and in fossil Mollusca
it is often represented by mere casts, which fill the
position it once occupied.

The fact that the nacre is deposited by the whole
surface of the mantle has been appreciated by the
Chinese. By inserting little flattened leaden images
,of Buddha between the mantle and the shell, and
leaving the oyster at rest for some time, the image
becomes coated with mother-of-pearl and incorporated
in the substance of the shell; and in this way certain
little joss figures are produced. This industry is said
to support a large population in some coast districts
of Siam.

The nacre, then, is produced by the outermost layer
of the mantle or fleshy flap that lines the shell—the
external epithelium; and, if a foreign body gets be-
tween this epithelium and the shell, the mantle will,
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in order to protect itself, secrete a pearly coat around
it. But valuable pearls are not those which are par-
tially or wholly fused with the shell, but those which
lie deep in the tissues of the body; and they are prob-
ably formed in the following manner: The intrusive,
irritant body forms a pit in the outer surface of the
mantle ; this pit deepens, and at first remains con-
nected with the outside by a pore ; ultimately the pore
closes, and the bottom of the pit becomes separated as
a small sac free from all connexion with the outside.
The sac now sinks into the tissues of the oyster,
enclosing in it the foreign body. It will be noticed
that the inside of the sac is lined by and is derived
from the same tissue or epithelium as covers the
outside of the mantle. Now this epithelium continues
to do what it has always been in the habit of doing;
that is, it secretes a nacreous substance all round the
intrusive particle. Layer after layer of this nacre is.
deposited, and thus a pearl is formed. At first the
layers will conform roughly to the outline of the
embedded body, but later layers will smooth over
any irregularities of the nucleus around which they
are deposited, and a spheroidal or spherical pearl is
produced. If the irregularities are too pronounced,
an irregular pearl is formed; and such pearls,
on merely esthetic grounds, command a lower
price.

It is thus clear that pearls are formed around in-
trusive foreign bodies; and until comparatively
recently these bodies were thought to be inorganic
particles, such as grains of sand. Recent research
has, however, shown that this is seldom the case, and
that as a rule the nucleus, which must be present
if a pearl is to be formed, is the larva of some highly-
organized parasite whose life-history is certainly com-
plicated but as yet is not completely known. The
knowledge, however, which we already possess

I—2
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enables us to do much to ensure steady success in
a very speculative industry; and with complete
knowledge there is no reason why pearl fisheries
should not be under as good control as oyster
fisheries now are.

It was about fifty years ago (1857-1859) that
the problem of the Ceylon pearl-oyster fishery was
first: attacked in a thoroughly scientific spirit by a
certain Dr. Kelaart. His reports to the Govern-
ment of the island contain the following suggestive
sentences :

¢I shall merely mention here that M. Humbert, a Swiss
zoologist, has, by his own observations at the last pearl
fishery, corroborated all I have stated about the ovaria or
genital glands and their contents; and that he has discovered,
in addition to the Filaria and Circaria (sic), three other para-
sitical worms infesting the viscera and other parts of the pearl-
oyster. We both agree that these worms play an important
part in the formation of pearls; and it may be found possible
to infect oysters in other beds with these worms, and thus
increase the quantity of these gems. The nucleus of an
American pearl drawn by Mébius is nearly of the same form
as the Circaria found in the pearl-oysters of Ceylon. It will
be curious to ascertain if the oysters in the Tinnevelly banks
have the same species of worms as those found in the oysters
on the banks off Arripo.’

Unfortunately Dr. Kelaart died shortly after making
this report, leaving his investigations incomplete.
Some seven years before, in 1852, Filippi had shown
that the pearls in our fresh-water mussel (4nodonta)
were formed by the larvae of a fluke (a trematode),
to which he gave the name of Distomum duplicatum.
Many students of elementary biology, as they pain-
fully try to unravel the mystery of molluscan mor-
phology, must have come across small pearls in the
tissues of the fresh-water mussels (Unio or Anodonta);
but these are said to have less lustre and to be more
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opaque than the sea pearl; so the pearl fisheries of
the Welsh and Scotch rivers are falling into disuse.
Our ancestors, however, thought otherwise. Less
than fifty years ago the Scotch fisheries brought in
some £12,00C a year ; and a writer of the early part of
the eighteenth century describes Scotch pearls as
‘finer, more hard and transparent than any Oriental.’
British pearls were highly thought of by the Romans.
Pliny and Tacitus mention them; and Julius Ceesar
is [said to have dedicated a breastplate ornamented
with British pearls to Venus Genitrix. Fresh-water
pearls are still ‘fished’ with profit in Central Europe;
but the Governments of Bavaria, Saxony, and Bohemia
watch over the industry and only grant a licence to
fish any stretch of water about once in twelve years
—a restriction which, had it been imposed on our
fisheries, might have saved a vanishing industry.

In 1871 Garner showed that the pearls in the edible
mussel (Mytilus edulis), which is largely used for bait
upon our coasts, were formed round the larvee of a
fluke, a remote ally of the liver-fluke that causes such
loss to our sheep-breeders. This origin of pearls has
been more completely followed out by Mr. Lyster
Jameson. Nor must we forget to mention the re-
searches of Giard (1897) and Dubois (1901) in the
same subject. We know the life-history of the
organism forming pearls in this edible mussel more
completely than we do that of any other pearl-forming
parasite ; and, before returning to the Ceylon pearls,
we will briefly consider it.

Mr. Lyster Jameson finds that the pearls of the
Mpytilus are formed around the cercaria or larval form
of a fluke which, in its adult stages, resides in the
intestine of the scoter ((Edemia nigra), and was origin-
ally described from the-eider-duck (Somateria mollis-
sima) in Greenland and named Leucithodendyinm
somaterie, after its first known host. The cercaria
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larvee of these flukes form the last stage in a complex
series of larval forms which occur in the life-history of
a trematode or fluke, and they differ from the adult in
two points—their generative organs are not fully de-
veloped, and they usually have a tail; but this organ
is wanting in our pearl-forming cercaria, called a
cercarieum by Mr. Jameson. Such a larva has only
to be swallowed by a scoter to grow up quickly into
the adult trematode capable of laying eggs. Now
this bird, called by the French fishermen the ‘cane
mouliere,’ is the greatest enemy to the mussel-beds;
it is not only common around the French mussel-beds
of Billiers (Morbihan), but occurs in numbers at the
mouth of the Barrow channel, close to our English
pearl-bearing mussel-beds. With its diving habits it
destroys and eats large quantities of the mollusc.
Those cercarize which are already entombed in a
pearl cannot, of course, grow up into adults, even if
they gain entrance to the alimentary canal of the
scoter; but those that are not ensheathed may do so.
Further, the fluke may possibly live in other hosts
where no pearl is formed. At any rate, there seems
no lack of larvee successful in their struggle to attain
maturity, for it has been calculated that the alimentary
canal of an apparently healthy scoter may harbour as
many as six thousand adult flukes.

Thus there are two courses open to the cercaria
when it has once found its way into the mussel; it
either forms the nucleus of a pearl and perishes, or it
is swallowed by a scoter, becomes adult, and prepares
to carry on the race. But how do the cercarize make
their way into the mussel, and whence do they come ?
At present their birth, like that of Mr. Yellowplush, is
‘wrapped up in a mistry.” We may presume that the
eggs make their way out of the scoter into the sea-
water, and that there they hatch out a free-swimming
larva, which, after the manner of trematodes, swims
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about looking for a suitable host. Within this host it
would come to rest and begin budding off numerous
secondary larvee, in which stage it may assume con-
siderable size and becomes known as a sporocyst. No
one, however, has seen the eggs hatch, or the free-
swimming larva; but Mr. Jameson produces evidence
to show that the sporocyst stage occurs in two other
common molluscs—viz.; in a clam (Zapes decussatus)
and in the common cockle (Cardium edule). The
former mollusc abounds in the black gravelly clay
which forms the bottom of the mussel-beds at Billiers;
and every specimen out of nearly two hundred ex-
amples investigated by Mr. Jameson was found to be
infested with sporocysts containing larvae closely re-
sembling those which act as pearl-nuclei in the edible
mussel. Exactly similar sporocysts were found in
about fifty per cent. of the common cockles examined
in the Barrow channel, where the species 7Tapes decus-
satus does not occur.

Within the sporocyst certain secondary larvae are
formed, as is habitual with the flukes. These secondary
larvee are the cercarize; and it is in this stage that the
animal makes its way into the pearl-mussel and ulti-
mately forms the nucleus of a pearl. Precisely how it
leaves the sporocyst and the first host—u.e., the 7apes
or Cardium—is not known. Certain experiments made
by Jameson, who placed mussels which he thought
were free from parasites in a tank with some infected
Tapes, are not quite conclusive, and have been ably
criticized by Professor Herdman. It is true that,
when examined later, the mussels were well infected ;
but it was not definitely shown that they were not in-
fected at the start; and further, the numbers used were
too small to justify a very positive conclusion. Still,
on the whole, it may safely be said that life-history of
the organism which forms the pearls in Mytilus edulis
probably involves three hosts : the scoter, which con-
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tains the mature form; the Zapes or Cardium, which
contains the first larval stage; and the mussel, which
contains the second larval stage, which forms the
pearl.

Recently Professor Dubois has been investigating
the origin of pearls in another species of Mytilus
(M. galloprovincialis) which lives on the French Medi-
terranean littoral. The nucleus of this pearl is also a
trematode, but of a species different from that which
infests the edible mussel. The interest of Professor
Dubois’ work, however, lies in the fact that he claims
to have infected true Oriental pearl-oysters by putting .
them to live with his Mediterranean mussels. He
fetched his oysters, termed ‘ Pintadin,’ from the Gulf
of Gabes in Southern Tunis, where they are almost
pearlless—one must open twelve to fifteen hundred
of these to find a single pearl—and brought them up
amongst the mussels. After some time had elapsed
they became so infected that three oysters opened
consecutively yielded a couple ‘of pearls each. These
observations, however, require confirmation, and have
been adversely criticized by Professor Giard.

To return to the Ceylon pearls. The celebrated
fisheries lie to the north-west of the island, where the
shallow plateaux of the Gulf of Manaar afford a fine
breeding-place for the pearl-oyster. The pearl-oyster
is not really an oyster, but an allied mollusc known
as Margaritifera vulgaris. 1t lives on rocky bottoms
known locally as paars. The fisheries are very ancient
and have been worked for at least 2,500, perhaps for
3,000 years. Pliny mentions them, but he is, com-
paratively speaking, a modern. The Cingalese records
go much farther back. In 550 B.c. we find King Vijaya
sending his Indian father-in-law pearls of great price ;
and there are other early records. From the eighth
to the eleventh century of our era the trade seems
to have been chiefly in the hands of the Arabs and
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Persians; and many references to it occur in their
literature. Marco Polo (1291) mentions the pearls of
the kings of Ceylon ; and in 1330 a friar, one Jordanus,
describes 8,000 boats as taking part in the fishery.
Two centuries later, a Venetian trader named Caesar
Frederick, crossed from India to the west coast of
Ceylon to observe the fishery; and his description
might almost serve for the present day, so little do
habits alter in the East.

The records of the Dutch and English fisheries are
naturally more complete than those of their pre-
decessors. The last Dutch fishery was in 1768, and
the first English was in 1796, before the fall of Colombo.
The fishery is not held every year, but at irregular
intervals ; and sometimes these intervals have been
long. For instance, the oysters failed between 1732
and 1746, and again between 1768 and 1796, under
the Dutch régime, and from 1837 to 1854 under the
English. On the other hand, the fishing is sometimes
annual ; recently, it took place with great success in
1887 and the four following years, culminating in the
record year 1891, when the Government’s share of the
spoil amounted to close upon one million rupees.
After this there was a pause till 1903, when the fishery
became annual.

The Lieutenant-Governor, Sir Everard im Thurn,
now Governor of Fiji, has given a lively account of
the fishing scene. He tells us that every year, in
November, a Government official visits the oyster-
beds, takes up a certain number of oysters, examines
them for pearls, and submits his results to certain
Government experts. If, as they have done recently,
these experts pronounce that there will be a fishing,
this information is at once made known ; and, partly
by advertisement, but probably more by passing the
word from man to man, the news rapidly spreads
throughout India, up the Persian Gulf, and to Europe.
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In the meantime preparations on a large scale have to
be made.

¢On land, which is at the moment a desert, an elaborate set
of temporary Government buildings have to be erected for
receiving and dealing with many millions of oysters and their
valuable if minute contents. Court-houses, prisons, barracks,
revenue offices, markets, residences for the officials, streets of
houses and shops for perhaps thirty thousand inhabitants, and
a water-supply for drinking and bathing for these same people,
have to be arranged for. Lastly, but, in view of the dreadful
possibility of the outbreak of plague and cholera, not least,
there are elaborate hospitals to be provided.’

By March or April some hundreds of large fishing
vessels have assembled at Manaar; and a population
which varies during the next two months between
25,000 and 40,000 souls has gathered together.

The fishing-boats leave early in the morning for
their respective stations; and, on reaching them, the
Arab and Indian divers descend, staying under water
from fifty to eighty seconds, and eagerly scooping up
the oysters and depositing them in baskets slung
round their necks. By midday the divers are worn
out; and at noon a gun is fired from the master-
attendant’s vessel as a signal for return. The run
home may take some hours, according to the distance
and the wind ; and it is during this time that a con-
siderable number of pearls are said to be abstracted.
The men on the boats are occupied with the sorting
of the oysters and cleaning them of useless stones,
seaweed, and other objects which are gathered with
them. The finest pearls lie just within the shell, em-
bedded in the edge of the mantle; and these readily
slip out and are concealed about the person of the
finder. The Government does what it can to check
peculation and keep a guard on each boat; but, in
spite of all its efforts, there seems no doubt that many
of the ‘finest, roundest, and best-coloured pearls’
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pass into the possession of those who have no right
to them.

On reaching the shore the oysters are carried to the
Government building or ‘Kottus,’ a vast rectangular
shed, where they are divided into three heaps ; two of
these fall to the Government, and the third belongs to
the divers. This latter share the divers sell as soon
as they quit the ‘Kottus,’ sometimes parting with
dozens to one buyer, and sometimes selling as few as
two or one. In the meantime the Government's two-
thirds have been counted and are left for the night.
At nine o'clock in the evening these oysters are put
up to auction. The Government agent states how
many oysters there are to dispose of, and then sells
them in lots of one thousand. Some rich syndicates
will perhaps buy as many as 50,000 at prices which
fluctuate unaccountably during the evening. Within
a short time the price will inexplicably drop from
thirty-five rupees to twenty-two rupees a thousand,
and may then rise again as suddenly and inexplicably
as it sank. Early in the morning each purchaser
removes his shells to his own private shed, where for
a week they are allowed to rot in old canoes and other
receptacles for water, and are then searched for pearls,
For a couple of months this great traffic goes on, until
the divers are thoroughly exhausted, and the camp
melts away.

Owing to the continuous failure of the fishery for
ten years from 1891, the Government determined to
call in the aid of experts. In the spring of 1901
Professor Herdman of Liverpool was asked by the
Colonial Office, then under the direction of Mr. Cham-
berlain, to visit Ceylon and to report upon the state of
the fishery. He reached Colombo early in 1902. He
was fortunate in taking out an exceptionally well
qualified assistant in Mr. J. Hornell. After a thorough
examination of the fishing-grounds, Professor Herd-
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man reported to the Government of Ceylon as
follows:

¢ The oysters we met with seemed, on the whole, to be very
healthy. There is no evidence of any epidemic or of much
disease of any kind. A considerable number of parasites, both
external and internal, both protozoan and vermean, were met
with ; but that is not unusual in molluscs, and we do not
regard it as affecting seriously the oyster population.

¢ Many of the larger oysters were reproducing actively. We
found large quantities of minute “spat’ in several places.
We also found enormous quantities of young oysters a few
months old on many of the paars. On the Periya paar the
number of these probably amounted to over a hundred
thousand million.

¢ A very large number of these young oysters never arrive at
maturity. There are several causes for this. They have many
natural enemies, some of which we have determined. Some
are smothered in sand. Some grounds are much more suitable
than others for feeding the young oysters, and so conducing
to life and growth. Probably the majority are killed by
overcrowding.

¢ They should therefore be thinned out and transplanted.
This can be easily and speedily done, on a large scale, by
dredging from a steamer at the proper time of the year, when
the young oysters are at the best age for transplanting.

¢ Finally, there is no reason for any despondency in regard
to the future of the pearl-oyster fisheries if they are treated
scientifically: The adult oysters are plentiful on some of the
paars, and seem for the most part healthy and vigorous; while
young oysters in their first year, and masses of minute spat
just deposited, are very abundant in many places.’

The chief causes of the failure of the fisheries, at
any rate the chief causes which can be dealt with by
man, are overcrowding and over-fishing. It might
be supposed that these factors would counteract each
other ; but it must be remembered that they become
effective at the two opposite poles of the oyster’s
existence, which is thought to cover five, six, or seven
years. The overcrowding takes place when the
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oyster is quite young and hardly fixed on the sub-
merged reefs, whilst the over-fishing takes place when
the animal is fully matured and perhaps growing old.
The fact that Professor Herdman and Mr. Hornell
conveyed the young oysters from Manaar in the north
of the island by boat to Colombo and then on by train
to Galle in the south, and there succeeded in rearing
them, shows that there would be little difficulty in
artificially rearing oysters in convenient localities and
then transplanting them to such fishing-grounds as
show danger of depletion. With regard to over-
fishing, if the grounds are under the charge of a
trained zoologist there is no reason why this should
go on.

When Professor Herdman was called in to advise
the Government, he saw at once that it was the oyster
that had failed in the last ten years, not the pearls
within the oysters. Microscopic examination of thin
sections made through decalcified pearls showed that
they are almost in all cases deposited around a minute
larval cestode or tapeworm. These larvee make their
way into the oyster, and the irritation they set up
induces the formation of the pearl, just as was the
case with the cercaria-formed pearls of the mussel.
Where do these larvee come from? We cannot say
with absolute certainty. Older specimens of tape-
worms belonging to the new species, 7Zetrarhynchus
unionifactor, also live in the oyster; and it may be that,
were a larva to escape entombment in a pearl, it would
grow up into one of these. But even these never
become mature in the oyster; to attain sexual maturity
they must be swallowed by a second host. What is
the second host of the pearl-forming cestode ? This
question we are only recently able to answer, and
here, again, without absolute certainty. I have
recently described the adult form of 7. unionifactor
from a large ray, Rhinoptera javanica. In this fish,
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which feeds largely on oysters, the cestodes exist in
swarms in the stomach, and the eggs make their way
from the fish into the oysters, and there some of them
grow up, but most of them perish in their pearly casket.
If, as I believe, this is the history of the pearl-forming
organism, we must regard the Rhinoptera as a friend
to the industry, and not, as hitherto, an enemy which
helps to destroy the oyster-beds.

The discovery of the cestode larva as a real cause
of pearl-formation received an interesting confirmation
shortly after it had made it. M. G. Seurat, working
independently at Rikitea on the island of Mangareva,
in the Gambier group, discovered a very similar larva
in the local pearl-oyster around which pearls are
formed ; this larva, if we may judge from pictures, is
almost certainly the same as the one from Ceylon.
Professor Giard regards it as belonging to a tape-
worm of the genus Acrobothrium ; and, if he be right,
then Professor Herdman's larva is an Acrobothrium
too. We have so little knowledge of the early forms
of cestodes that we cannot accept this attribution as
final. We may, however, hope for further informa-
tion, for a French zoologist, M. Boutan, started some
little time ago for the East to work at the problem;
Mr. Hornell is still at work in Ceylon; and Mr. C.
Crossland, who has had much experience in marine
work in the tropics, has been appointed, at the request
of the Soudan Government, to investigate the pearl-
oyster beds of the Red Sea. Finally Dr. Willey, of
the Colombo Museum, has recently described similar
larvee in the pearls of the ‘window-pane’ oyster,
Placuna placenta, from the eastern shores of Ceylon.

In 1904 it was again found possible to hold a fishery
in Ceylon. It was held at a place called Marichikaddi,
also on the north-west coast. In the course of thirty-
eight days over 41,000,000 oysters were taken. The
trade was very brisk; the prices paid were un-
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precedented. The 1905 fishery, which began on
February 18, promised to beat all records. On Feb-
ruary 22 the catch was nearly 4,500,000 oysters; and
the Government’s share for that day was £9,000.
Since this date each year has yielded a bountiful
harvest, and in financial circles the London Syndicate,
who have obtained a ‘concession’ of the oyster-beds
for twenty years from the Ceylon Government, are
understood to be ‘ doing very well.’

It is perhaps too soon to attribute this success to
the efforts of Professor Herdman and Mr. Hornell,
the latter of whom, we understand, has been per-
manently retained as biologist to the syndicate;
but we have no doubt that, acting under their
advice, the oyster-bed may be made a steady, in place
of a most intermittent, source of revenue. In this
connexion it may be mentioned that radiography is
now being used, and by its means the oysters con-
taining large pearls can be separated from those that
do not, and the latter returned to the sea. Besides
their valuable work in solving this particular problem,
Professor Herdman and his colleague have made a
rich collection of marine animals, which are being
examined by a number of specialists. The results of
their labours have appeared in a handsome series of
volumes published under the auspices of the Royal
Society; and it is from the first of these that many of
the facts contained in this article are derived. The
memoirs included in the volumes contain many
important additions to our knowledge; but no result
is more interesting or more economically important
than the confirmation of the fact that, as M. Dubois
puts it, ‘ La plus belle perle n’est donc, en définitive,
que le brillant sarcophage d'un ver.’



THE DEPTHS OF THE SEA

Here in the womb of the wovid—here on the tie-vibs of earth.
Rupvarp KipLinG.

THE first recorded attempt to sound the depths of the
ocean was made early in the year 1521, in the South
Pacific, by Ferdinand Magellan. He had traversed the
dangerous straits destined to bear his name during
the previous November, and emerged on the 28th of
that month into the open ocean. For three months he
sailed across the Pacific, and in the middle of March,
1521, came to anchor off the islands now known as the
Philippines. Here Magellan was killed in a conflict
with the natives. The records of his wonderful feat
were brought to Spain during the following year by
one of his ships, the Vicforia,; and amidst the profound
sensation caused by the news of this voyage, which
has been called ‘the greatest event in the most remark-
able period of the world’s history,’ it is probable that
his modest attempt to sound the ocean failed to attract
the attention it deserved. Magellan’s sounding-lines
were at most some two hundred fathoms in length,
and he failed to touch bottom; from which he ‘some-
what naively concluded that he had reached the
deepest part of the ocean.’

It was more than two hundred years later that the
first serious study of the bed of the sea was under-
taken by the French geographer Philippe Buache,

16
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who first introduced the use of isobathic curves in a
map which he published in 1737. His view, that the
depths of the ocean are simply prolongations of the
conditions existing in the neighbouring sea-coasts,
though too wide in-its generalization, has been shown
to be true as regards the sea-bottom in the immediate
vicinity of Continental coasts and islands; and un-
doubtedly it helped to attract attention to the problem
of what is taking place at the bottom of the sea.

Actual experiment, however, advanced but slowly.
So early as the fifteenth century, an ingenious Cardinal,
one Nicolaus Cusanus (1401-1464), had devised an
apparatus consisting of two bodies, one heavier and
one lighter than water, which were so connected that
when the heavier touched the bottom the lighter was
released. By calculating the time which the latter
took in ascending, attempts were made to arrive at
the depths of the sea. A century later Puehler made
similar experiments; and after another interval of a
hundred years, in 1667 we find the Englishman
Robert Hooke continuing on the same lines various
bathymetric observations; but the results thus obtained
were fallacious, and the experiments added little or
nothing to our knowledge of the nature of the bottom
of the ocean. In the eighteenth century Count Mar-
sigli attacked many of the problems of the deep sea.
He collected and sifted information which he derived
from the coral-fishers; he investigated the deposits
brought up from below, and was one of the earliest
to test the temperature of the sea at different depths.
In 1749 Captain Ellis found that a thermometer,
lowered on separate occasions to depths of 650 fathoms
and 891 fathoms respectively, recorded, on reaching
the surface, the same temperature—namely, 53°. His
thermometer was lowered in a bucket ingeniously de-
vised so as to open as it descended and close as it was

drawn up. The mechanism of this instrument was
2
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invented by the Rev. Stephen Hales, D.D., of Corpus
Christi College, Cambridge, the friend of Pope, and
perpetual curate at Teddington Church. Dr. Hales
was a man of many inventions, and, amongst others,
he is said to have suggested the use of the inverted
cup placed in the centre of a fruit-pie in which the
juice accumulates as the pie cools. His device of the
closed bucket with two connected valves was the
forerunner of the numerous contrivances which have
since been used for bringing up sea-water from great
depths.

These were amongst the first efforts made to obtain
a knowledge of deep-sea temperatures. About the
same time experiments were being made by Bouguer
and others on the transparency of sea-water. It was
soon recognized that this factor varies in different
seas; and an early estimate of the depth of average
sea-water sufficient to cut off all light placed it at 656
feet. The colour of the sea and its salinity were also
receiving attention, notably at the hands of the dis-
tinguished chemist Robert Boyle, and of the Italian,
Marsigli, mentioned above. To the latter, and to
Donati, a fellow-countryman, is due the honour of
first using the dredge for purposes of scientific inquiry.
Theyemployed the ordinary oyster-dredge of the local
fishermen to obtain animals from the bottom.

The invention of the self-registering thermometer
by Cavendish, in 1757, provided another instrument
essential to the investigation of the condition of things
at great depths; and it was used in Lord Mulgrave's
expedition to the Arctic Sea in 1773. On this voyage
attempts at deep-sea soundings were made, and a
depth of 683 fathoms was registered. During Sir
James Ross’s Antarctic Expedition (1839-1843) the
temperature of the water was constantly observed to
depths of 2,000 fathoms. His uncle, Sir John Ross,
had twenty years previously, on his voyage to Baffin’s
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Bay, made some classical soundings. One, two miles
from the coast, reached a depth of 2,700 feet, and
brought up a collection of gravel and two living
crustaceans; another, 3,900 feet in depth, yielded
pebbles, clay, some worms, crustacea, and corallines.
Two other dredgings, one at 6,000 feet, the other at
6,300 feet, also brought up living creatures; and thus,
though the results were not at first accepted, the
existence of animal life at great depths was demon-
strated.

With Sir James Ross's expedition we may be said
to have reached modern times : his most distinguished
companion, Sir Joseph Hooker, is still living. It is
impossible to do more than briefly refer to the numerous
expeditions which have taken part in deep-sea explora-
tion during our own times. The United States of
America sent out, about the time of Ross’s Antarctic
voyage, an expedition under Captain Wilkes, with
Dana on board as naturalist. Professor Edward
Forbes, who ‘did more than any of his contempo-
raries to advance marine zoology, joined the sur-
veying ship Beacon in 1840, and made more than
one hundred dredgings in the Aigean Sea. Lovén
was working in the Scandinavian waters. o
Goodsir sailed on the Erebus with Sir John Fraffklin’s
ill-fated Polar Expedition; and such notes of his as
were recovered bear evidence of the value of the work
he did. The Norwegians, Michael Sars and his son,
G. O. Sars, had by the year 1864 increased their list
of species living at a depth of between 200 and 300
fathoms, from nineteen to ninety-two. Much good
work was done by the United States navy and by
surveying ships under the auspices of Bache, Bailey,
Maury, and de Pourtales. The Austrian frigate
Novara, with a full scientific staff, circumnavigated
the world in 1857-1859. In 1868 the Admiralty placed
the surveying ship Lightning at the disposal of Pro-

2—2



20 THE DEPTHS OF THE SEA

fessor Wyville Thomson and Dr. W. B. Carpenter for
a six weeks' dredging trip in the North Atlantic; and
in the following year the Porcupine, by permission of
the Admiralty, made three trips under the guidance of
Dr. W. B. Carpenter and Mr. Gwyn Jeffreys.
Towards the end of 1872 H.M.S. Challenger left
England to spend the following three years and a half
in traversing all the waters of the globe. This was
the most completely equipped expedition which has
left any land for the investigation of the sea, and its
results were correspondingly rich. They have been
worked out by naturalists of all nations, and form the
most complete record of the fauna and flora, and of the
physical and chemical conditions of the deep, which
has yet been published. It is from Sir John Murray’s
summary of the results of the voyage that many
of these facts are taken. Since the return of the
Challenger there have been many expeditions from
various lands, but none so complete in its conception
or its execution as the British Expedition of 1872-1875.
The U.S.S. Blake, under the direction of A. Agassiz,
has explored the Caribbean Sea; and the A/batross, of
the same navy, has sounded the Western Atlantic.
Numerous observations made by the German ships
Gazelle and Drache, and Plankton Expedition, the
Norwegian North Atlantic Expedition, the Italian
ship Washington, the French ships 7ravaillewr and
Talisman, the Prince of Monaco's yachts, Hirondelle
and Princesse Alice, under his own direction, the
Austrian ‘Pola’ Expedition, the Russian investiga-
tions in the Black Sea, and lastly, by the ships of our
own navy, have, during the last five-and-twenty years,
enormously increased our knowledge of the seas and
of all that in them is. This knowledge is still being
added to. At the present time the collections of the
German ship Valdivia and of the Dutch Siboga Expe-
dition are being worked out, and are impatiently
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awaited by zoologists and geographers of every
country. The Discovery and the Gauss, although
primarily fitted for ice-work, have added much to
what is known of the sea-bottom of the Antarctic;
and amongst men of science there is no abatement
of interest and curiosity as to that ferra incognita.

Before we attempt to describe the conditions which
prevail at great depths of the ocean, a few words
should be said as to the part played by cable-laying in
the investigation of the subaqueous crust of the earth.
This part, though undoubtedly important, is sometimes
exaggerated ; and we have seen how large an array of
facts has been accumulated by expeditions made mainly
in the interest of pure science. The laying of the
Atlantic cable was preceded, in 1856, by a careful
survey of a submerged plateau, extending from the
British Isles to Newfoundland, by Lieutenant Berryman
of the Arctic. He brought back samples of the bottom
from thirty-four stations between Valentia and St.
John’s. In the following year Captain Pullen, of
H.M.S. Cyclops, surveyed a parallel line slightly to the
north. His specimens were examined by Huxley, and
from them he derived the Bathybius, a primeval slime
which was thought to occur widely spread over the
sea-bottom. The interest in this ‘ Urschleim’ has,
however, become merely historic, since John Y.
Buchanan, of the Challenger, showed that it is only a
gelatinous form of sulphate of lime thrown down from
the sea-water by the alcohol used in preserving the
organisms found in the deep-sea deposits.

The important generalizations of Dr. Wallich, who |
was on board H.M.S. Bulldog, which, in 1860, again
traversed the Atlantic to survey a route for the cable,
largely helped to elucidate the problems of the deep.
He noticed that no alge live at a depth greater than
200 fathoms ; he collected animals from great depths,
and showed that they utilize in many ways organisms
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which fall down from the surface of the water; he
noted that the conditions are such that, whilst dead
animals sink from the surface to the bottom, they do
not rise from the bottom to the surface; and he brought
evidence forward in support of the view that the deep-
sea fauna is directly derived from shallow-water forms.
In the same year in which Wallich traversed the
Atlantic, the telegraph cable between Sardinia and
Bona, on the African coast, snapped. Under the
superintendence of Fleeming Jenkin, some forty miles
of the cable, part of it from a depth of 1,200 fathoms,
was recovered. Numerous animals, sponges, corals,
polyzoa, molluscs, and worms were brought to the
surface, adhering to the cable. These were examined
and reported upon by Professor Allman, and subse-
quently by Professor A. Milne Edwards ; and, as the
former reports, we ‘ must therefore regard this observa-
tion of Mr. Fleeming Jenkin as having afforded the
first absolute proof of the existence of highly organized
animals living at a depth of upwards of 1,000 fathoms.’
The investigation of the animals thus brought to the
surface revealed another fact of great interest, namely,
that some of the specimens were identical with forms
hitherto known only as fossils. It was thus demon-
strated that species hitherto regarded as extinct are
still living at great depths of the ocean.

During the first half of the last century an exag-
gerated idea of the depth of the sea prevailed, due in
a large measure to the defective sounding apparatus
of the time. Thus Captain Durham, in 1852, recorded
a depth of 7,730 fathoms in the South Atlantic, and
Lieutenant Parker mentions one of 8,212 fathoms—
depths which the Challenger and the Gazelle corrected
to 2,412 and 2,905 fathoms respectively. The deepest
parts of the sea, as revealed by recent research, do
not lie, as many have thought, in or near the centres
of the great oceans, but in the neighbourhood of, or
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at no great distance from, the mainland, or in the
vicinity of volcanic islands. One of the deepest
‘pockets’ yet found is probably that sounded by the
American expedition on board the Tuscarora (1873-
1875) east of Japan, when bottom was only reached at
a depth of 4,612 fathoms. More recently, soundings
of 5,035 fathoms have been recorded in the Pacific, in
the neighbourhood of the Friendly Islands, and south
of these again, one of 5,113 fathoms; but the deepest
of all lies north of the Carolines, and attains a depth
of 5,287 fathoms. It thus appears that there are
‘pockets’ or pits in the sea whose depth below the
surface of the water is about equal to the height of the
highest mountains taken from the sea-level. Both are
insignificant in comparison with the mass of the globe;
and it is sometimes said that, were the seas gathered
up, and the earth shrunk to the size of an orange, the
mountain ranges and abysmal depths would not be
more striking than are the small elevations and inter-
vening depressions on the skin of the fruit.

But it is not with these exceptional abysses that we
have to do; they are as rare and as widely scattered
as great mountain-ranges on land. Itis with the deep
sea, as opposed to shoal water and the surface layers,
that this article is concerned ; but the depth at which
the sea becomes ‘deep’ is to some extent a matter
of opinion. Numerous attempts, headed by that of
Edward Forbes, have been made to divide the sea into
zones or strata; and, just as the geological strata are
characterized by peculiar species, so, in the main, the
various deep-sea zones have their peculiar fauna.
These zones, however, are not universally recognized ;
and their limits, like those of the zoogeographical
regions on land, whilst serving for some groups of
animals, break down altogether as regards others.
There are, however, two fairly definite regions in the
sea; and the limit between them is the very one for
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our purpose. This limit separates the surface waters,
which are permeable by the light of the sun and
in which owing to this life-giving light, alger and
vegetable organisms can live, from the deeper waters
which the sun’s rays cannot reach, and in which no
plant can live. The regions pass imperceptibly into
one another; there is no sudden transition. The con-
ditions of life gradually change, and the precise level
at which vegetable life becomes impossible varies
with differing conditions. With strong sunlight and
a smooth sea, the rays penetrate further than if the
light be weak and the waters troubled.

Speaking generally, we may place the dividing-line
between the surface layer and the deep sea at 300
fathoms. Below this no light or heat from the sun
penetrates; and it is the absence of these factors that
gives rise to most of the peculiarities of the deep sea.
It is a commonplace, which every schoolboy now
knows, that all animal life is ultimately dependent on
the food-stuffs stored up by green plants; and that
the power which such plants possess of fixing the
carbonic acid of the surrounding medium, and building
it up into more complex food-stuffs, depends upon the
presence of their green colouring matter (chlorophyll),
and is exercised only in the presence of sunlight.
But, as we have pointed out, ‘the sun’s perpendicular
rays’' do not ‘illumine the depths of the sea’; they
hardly penetrate 300 fathoms. This absence of sun-
light below a certain limit, and the consequent failure
of vegetable life, gave rise at one time to the belief
that the abysses of the ocean were uninhabited and
uninhabitable ; but, as we have already seen, this view
has long been given up.

The inhabitants of the deep sea cannot, any more
than other creatures, be self-supporting. They prey
on one another, it is true; but this must have a limit,
or very soon there would be nothing left to prey upon.
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Like the inhabitants of great cities, the denizens of
the deep must have an outside food-supply, and this
they must ultimately derive from the surface layer.

The careful investigation of life in the sea has shown
that not only the surface layer, but all the intermediate
zones teem with life. Nowhere is there a layer of
water in which animals are not found. But, as we have
seen, the alge upon which the life of marine animals
ultimately depends, live only in the upper waters;
below 100 fathoms they begin to be rare, and below
200 fathoms they are absent. Thus it is evident that
those animals which live in the surface layers have,
like an agricultural population, their food-supply at
hand, while those that live in the depths must, like
dwellers in towns, obtain it from afar. Many of the
inhabitants of what may be termed the middle regions
are active swimmers, and these undoubtedly from
time to time visit the more densely peopled upper
strata. They also visit the depths and afford an in-
definite food-supply to the deep-sea dwellers.

But probably by far the larger part of the food con-
sumed by abysmal creatures- consists of the dead
bodies of animals which sink down like manna from
above. The surface layers of the ocean teem with
animal and vegetable life. Every yachtsman must at
times have noticed that the sea is thick as a purée with
jelly-fish, or with those little transparent, torpedo-
shaped creatures, the Sagitta. What he will not have
noticed, unless he be a microscopist, is that at almost
all times the surface is crowded with minute organisms,
foraminifera, radiolaria, diatoms. These exist in quite
incalculable numbers, and reproduce their kind with
astounding rapidity. They are always dying, and
their bodies sink downwards like a gentle rain* In

* Owing to the comparative absence of bacteria in deep-sea
water their bodies undergo little decay.
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such numbers do they fall, that large areas of the
ocean bed are covered with a thick deposit of their
shells. In the shallower waters the foraminifera, with
their calcareous shells, prevail, but over the deeper
abysses of the ocean they take so long in falling that
the calcareous shells are dissolved in the water, which
contains a considerable proportion of carbonic acid
gas, and their place is taken by the siliceous skeletons
of the radiolarians and diatoms. Thus there is a
ceaseless falling of organisms from above, and it must
be from these that the dwellers of the deep ultimately
obtain their food. As Mr. Kipling in his ‘Seven Seas,’
says of the deep-sea cables:

¢ The wrecks dissolve above us; their dust drops down
from afar—

Down to the dark, to the utter dark, where the blind
white sea-snakes are.’

In trying to realize the state of things at the bottom
of the deep sea, it is of importance to recognize that
there is a wonderful uniformity of physical conditions
la-bas. Climate plays no part in the life of the depths;
storms do not ruffle their inhabitants ; these recognize
no alternation of day or night; seasons are unknown
to them ; they experience no change of temperature.
Although the abysmal depths of the polar regions
might be expected to be far colder than those of the
tropics, the difference only amounts to a degree or so
—a difference which would not be perceptible to us
without instruments of precision. The following data
show how uniform temperature is at the bottom of
the sea.

In June, 1883, Nordenskiold found on the eastern
side of Greenland the following temperatures : at the
surface 22° C. ; at 100 metres 57° C. ; at 450 m. 5'1°C.
In the middle of December, 1898, the German deep-
sea expedition, while in the pack-ice of the Antarctic,
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recorded the following temperatures: at the surface
—1°C.; at oo m. —1:1° C.; at 400 m. 1°6° C.; at
1,000-1,500 m. 1'6° C.; at 4,700 m. —o0'5° C. These
may be compared with some records made in the
Sargasso Sea by the Plankton Expedition in the
month of August, when the surface registered a tem-
perature of 24° C.; 195 m. one of 18':8° C.; 390 m. one
of 149° C. ; and 2,060 m. one of 3:8° C. It is thus clear
that the temperature at the bottom of the deep sea
varies but a few degrees from the freezing-point ; and,
whether in the tropics or around the poles, this tem-
perature does not undergo anything like the variations
to which the surface of the earth is subjected.

There are, however, some exceptions to this state-
ment. The Mediterranean, peculiar in many respects,
is also peculiar as to its bottom temperature. In
August, 1881, the temperature, as taken by the
Washington, was at the surface 26° C.; at 100 m.
14'5° C.; at 500 m. 141° C.; and from 2,500 m. to
3,550 m. 13°3° C. These observations agree, within one-
fifth of a degree, with those recorded later by Chun in
the same waters. There are also certain areas near
the Sulu Islands where, with a surface temperature
of 28° C,, the deep sea, from 730 m. to 4,660 m., shows
a constant temperature of 10'3° C. ; and again, on the
westerly side of Sumatra, the water, from goo m.
downwards, shows a constant temperature of 59° C.;
whilst in the not far distant Indian Ocean it sinks at
1,300 m. to 4° C, and at 1,700 m. to 3° C. In spite ot
these exceptions, we may roughly say that all deep-sea
animals live at an even temperature, which differs by
but a few degrees from the freezing-point. Indeed,
the heating effect of the sun’s rays is said not to pene-
trate, as a rule, further than go to 100 fathoms, though
in the neighbourhood of the Sargasso Sea it undoubt-
edly affects somewhat deeper layers. In the Mediter-
ranean the heat-rays probably do not penetrate more
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than 5o fathoms. Below these limits all seasonable
variations cease. Summer and autumn, spring and
winter, are unknown to the dwellers of the deep; and
the burning sun of the tropical noonday, which heats
the surface water to such a degree that the change
of temperature from the lower waters to the upper
proves fatal to many delicate animals when brought
up from the depths, has no effect on the great mass of
water below the 1oo-fathom line.

Again, in the depths the waters are still. A great
calm reigns. The storms which churn the upper
waters into tumultuous fury have but a superficial
effect, and are unfelt at the depth of a few fathoms.
Even the great ocean currents, such as the Gulf
Stream, are but surface currents, and their influence
is probably not perceptible below 200 fathoms. There
are places, as the wear and tear of telegraphic cables
show, where deep-sea currents have much force; but
these are not common. We also know that there
must be a very slow current flowing from the poles
towards the Equator. This replaces the heated surface
waters of the tropics, which are partly evaporated and
partly driven by the trade-winds towards the poles.
Were there no such current, the waters round the
Equator, in spite of the low conductivity of salt water,
would, in the course of ages, be heated through. But
this current is almost imperceptible ; on the whole, no
shocks or storms disturb the peace of the oceanic abyss.

An interesting result of this is that many animals,
which in shallower waters are subject to the strain
and stress of tidal action or of a constant stream,
and whose outline is modified by these conditions, are
represented in the depths by perfectly symmetrical
forms. For instance, the monaxonid sponges from
the deep sea have a symmetry as perfect as a lily’s,
whilst their allies from the shallower seas, subject as
they are to varying tides and currents, are of every
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variety of shape, and their only common feature is
that none of them are symmetrical. This radial sym-
metry is especially marked in the case of sessile
animals, those whose ‘ strength is to sit still,” attached
by their base to some rock or stone, or rooted by a
stalk into the mud. Such animals cannot move from
placeito place, and, like an oyster, are dependent for
their food on such minute organisms as are swept
towards them in the currents set by the action of their
cilia. A curious and entirely contrary effect is pro-
duced by this stillness on certain animals, which,
without being fixed, are, to say the least, singularly
inert. The sea-cucumbers or holothurians, which can
be seen lying still as sausages in any shallow sub-
tropical waters, are nevertheless rolled over from time
to time, and present now one, now another, surface to
the bottom. These have retained the five-rayed sym-
metry, which is so eminently characteristic of the
group Echinoderma, to which they belong. But the
holothurians in the deep sea, where nothing rolls
them about, continue throughout life to present the
same surface to the bottom ; and these have developed
a secondary bilateral symmetry, so that, like a worm
or a lobster, they have definite upper and lower sur-
faces. These bilateral holothurians first became known
by the dredgings of the Challenger, and formed one
of the most important additions to our knowledge
of marine zoology for which we are indebted to that
expedition.
At the bottom of the sea there is no sound—

¢ There is no sound, no echo of sound, in the deserts of
the deep,
Or the great grey level plains of ooze where the shell-
burred cables creep.’

The world down there is cold ahd still and noiseless.
Nevertheless, many of the animals of the depths have
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organs to which by analogy an auditory function has
been assigned. But it must not be forgotten that even
in the highest land-vertebrates the ear has two func-
tions. It is at once the organ of hearing and of
balancing. Part of the internal ear is occupied with
orientating the body. By means of it we can tell
whether we are keeping upright, going uphill or
descending, turning to the right or to the left; and
it is probably this function which is the chief business
of the so-called ears of marine animals. Professor
Huzxley once said that, unless one became a crayfish,
one could never be sure what the mental processes of
a crayfish were. This is doubtless true; but experi-
ment has shown, both in crayfishes and cuttlefishes,
that, if the auditory organ be interfered with or in-
jured, the animal loses its sense of direction and
staggers hither and thither like a drunken man. It
is obvious that animals which move about at the
bottom require such balancing organs quite as much
as those which skim the surface, and it is in no wise
remarkable that such organs should be found in those
dwellers in the deep which move from place to place.

If we could descend to the depths and look about
us, we should find the bottom of the sea near the
land carpeted with deposits washed down from the
shore and carried out to sea by rivers, and dotted
over with the remains of animals and plants which
inhabit shoal waters. This deposit, derived from the
land, extends to a greater or less distance around our
coast-line. In places this distance is very consider-
able. The Congo is said to carry its characteristic
mud 600 miles out to sea, and the Ganges and the
Indus to carry theirs 1,000 miles ; but sooner or later
we should pass beyond the region of coast mud and
river deposit, the seaward edge of which is the ‘mud-
line’ of Sir John Murray.

When we get beyond the mud-line, say a hundred
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miles from the Irish or American coast, we should
find that the character of the sea-bottom has com-
pletely changed. Here we should be on Rudyard
Kipling's ¢ great grey level plains of ooze.” All around
us would stretch a vast dreary level of greyish-white
mud, due to the tireless fall of the minute globigerina
shells mentioned above. This rain of foraminifera
is ceaseless, and serves to cover rock and stone alike.
It is probably due to this chalky deposit that so many
members of the ‘Benthos'—a term used by Haeckel
to denote those marine animals which do not swim
about or float, but which live on the bottom of the
ocean either fixed or creeping about—are stalked.
Many of them, whose shoal-water allies are without
a pedicel, are provided with stalks; and those whose
shallow-water congeners are stalked are, in the depths,
provided with still longer stalks. Numerous sponges
—the alcyonarian Umbellula, the stalked ascidians,
and, above all, the stalked crinoids—exemplify this
' point.

Flat as the Sahara, and with the same monotony of
surface, these great plains stretch across the Atlantic,
dotted here and there with a yet uncovered stone or
rock dropped by a passing iceberg. In the deeper
regions of the ocean—where, as we have already seen,
occasional pits and depressions occur, and great ridges
arise to vex the souls of the cable-layers—the globi-
gerina ooze is replaced by the less soluble siliceous
shells of the radiolarians and diatoms. The former
are largely found in pits in the Pacific, the latter in
the Southern Seas. But there is a third deposit which
occurs in the deeper parts of the ocean—the red clay.
This is often partly composed of the empty siliceous
shells just mentioned ; but over considerable areas of
the Pacific the number of these shells is very small,
and here it would seem that the red clay is largely
composed of the ‘horny fragments of dead surface-
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living animals, of volcanic and meteoric dust, and of
small pieces of water-logged pumice-stone.” On
whichever deposit we found ourselves, could we but
see the prospect, we should be struck with the
monotony of a scene as different as can well be
imagined from the variegated beauty of a rock-pool
or a coral island lagoon.

There is, however, an abundance of animal life.
The dredge reveals a surprising variety and wealth
of form. Sir John Murray records ‘at station 146 in
the Southern Ocean, at a depth of 1,375 fathoms, that
200 specimens captured belonged to 59 genera and
78 species.” He further states that this was ‘ probably
the most successful haul, as regards number, variety,
novelty, size, and beauty of the specimens,’ up to the
date of the dredging; but even this was surpassed by
the captures from the depths at station 147. The
Southern Ocean is particularly well populated. The
same writer says: ‘The deep-sea fauna of the Ant-
arctic has been shown by the Challenger to be excep-
tionally rich, a much larger number of species having
been obtained than in any other region visited by the
expedition; and the Valdivia's dredgings, in 1898,
confirm this.” There seems to be no record of such
a wealth of species in depths of less than 5o fathoms,
and we are justified in the belief that the great depths
are extremely rich in species.

The peculiar conditions under which the Benthos
live have had a marked influence on their structure.
Representatives of nearly all the great divisions of
the animal kingdom which occur in the sea are found
in the depths. Protozoa, sponges, ccelenterata, round-
worms, annelids, crustacea, polyzoa, brachiopoda,
molluscs, echinoderms, ascidians, fishes, crowd the
sea-bottom. The Valdivia has brought home even
deep-sea ctenophores and sagittas, forms hitherto
associated only with life at the surface. The same
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expedition also secured adult examples of the wonder-
ful free-swimming holothurian, Pelagothuria ludwigr,
which so curiously mimics a jelly-fish. It was taken
in a closing-net at 400 to 500 fathoms near the Sey-
chelles. Most of these animals bear their origin
stamped on their structure, so that a zoologist can
readily pick out from a miscellaneous collection of
forms those which have a deep-sea home. We have
already referred to a certain ‘stalkiness,” which lifts
the fixed animals above the slowly deepening ooze.
Possibly the long-knobbed tentacles of the deep-sea
jelly-fish, Pectis, on the tips of which it is thought the
creature moves about, may be connected with the
same cause. The great calm of the depths and its
effect upon the symmetry of the body have also been
mentioned ; but greater in its effect on the bodies
of the dwellers in the ocean abysses is the absence
of sunlight.

No external rays reach the bottom of the sea, and
what light there is must be supplied by the phos-
phorescent organs of the animals themselves, and
must be faint and intermittent. A large percentage
of animals taken from the deep sea show phos-
phorescence when brought on deck; and it may be
that this emission of light is much greater at a low
temperature, and under a pressure of 1 to 2 tons
on the square inch, than it is under the ordinary
atmospheric conditions of the surface. The simplest
form which these phosphorescent organs take is that
of certain skin-glands which secrete a luminous slime.
Such a slime is cast off, according to Filhol, by many
of the annelids; and a similar light-giving fluid is
exuded from certain glands at the base of the antenna
and elsewhere in some of the deep-sea shrimps. But
the most highly developed of the organs which pro-
duce light are the curious eye-like lanterns which
form one or more rows along the bodies of certain

3
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fishes, notably of members of the Stomiadee, a family
allied to the salmons. From head to tail the miniature
bull's-eyes extend, like so many portholes lit up, with
sometimes one or two larger organs in front of the
eyes, like the port and starboard lanterns of a ship, so
that when one of these fishes swims swiftly across the
dim scene it must, to quote Kipling again, recall a
liner going past ‘like a grand hotel.” Sometimes the
phosphorescent organ is at the tip of a barbel or
tentacle, and it is interesting to note that the angler-
fish of the deep sea has replaced its white lure, con-
spicuous in shallow water, but invisible in the dark,
by a luminous process, the investigation of which
leads many a creature into the enormous, toothed
mouth of the fish.

A peculiar organ, known by the name ‘phaeodaria,’
exists in the body of certain radiolarians found only
in the deep seas. It has been suggested that this
structure gives forth light; and, if this be the case, the
floor of the ocean is strewn with minute glow-lamps,
which perhaps give forth as much light as the surface
of the sea on a calm summer’s night. There is, how-
ever, much indirect evidence that, except for these
intermittent sources, the abysses of the ocean are
sunk in an impenetrable gloom.

When physical conditions change, living organisms
strive to adapt themselves to the changed conditions.
Hence, when the inhabitants of the shallower waters
made their way into the darker deeps, many of them,
in the course of generations, increased the size of their
eyes until they were out of all proportion to their
other sense-organs. Others gave up the contest on
these lines, and set about replacing their visual organs
by long tactile tentacles or feelers, which are extraor-
dinarily sensitive to external impressions. Like the
blind, they endeavour to compensate for loss of sight
by increased tactile perception; and in these forms
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the eyes are either dwindling or have quite disap-
peared. An instance in point is supplied by the
crustacea, many of whom have not only lost their
eyes, but have also lost the stalk which bore them;
but amongst the crustacea some genera, such as
Bathynomus, have enormous eyes with as many as four
thousand facets. It is noticeable that this creature
has its eyes directed downwards toward the ground
and not upwards, as is the case with its nearest allies.
On the whole the crustacea lose their eyes more
readily, and at a less depth, than fishes. Many of the
latter—e.g., /pnops—are blind, and in others the eyes
seem to be disappearing. Thus, amongst the deep-
sea cod, Macrurus, those which frequent the waters
down to about 1,000 fathoms, have unusually large
eyes, whilst those which go down to the deeper
abysses have very small ones. Many of the animals
which have retained their eyes carry them at the end
of processes. Chun, in his brilliant Jaccount of the
voyage of the Valdivia, has figured a series of fishes
whose eyes stand out from the head like a pair of
binoculars; and similar ‘telescope’ eyes, as he calls
them, occur on some of the eight-armed cuttle-fish.
The larva of one of the fishes has eyes at the end
of two stalks, each of which measures quite one-fourth
of the total length of the body.

The colour of the deep-sea ‘creatures also indicates
the darkness of their habitat. Like cave-dwelling
animals, or the lilac forced in Parisian cellars, many of
them are blanched and pale; but this is by no means
always the case. There is, in fact, no characteristic
hue for the deep-sea fauna. Many of the fishes are
black, and many show the most lovely metallic sheen.
Burnished silver and black give a somewhat funereal,
but very tasteful appearance to numbers of deep-sea
fish. Others are ornamented with patches of shining
copper, which, with their blue eyes, form an agreeable

3—2
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variety in their otherwise sombre appearance. Many
of the fishes, however, present a gayer clothing. Some
are violet, others pale rose or bright red. Others have
a white almost translucent skin, through which the
blood can be seen and its course traced even in its
finer vessels. Purples and greens abound amongst
the holothurians; other echinoderms are white,
yellow, pink, or red. Red is, perhaps, the pre-
dominant colour of the crustacea, though it has been
suggested that this colour is produced during the long
passage to the surface, and that some of the bright
reds which we see at the surface are unknown in the
depths. Violet and orange, green and red, are the
colours of the jelly-fishes and the corals.

It thus appears that there is a great variety and a
great brilliancy amongst many of the bottom fauna.
With the exception of blue, all colours are well repre-
sented ; but the consideration of one or two facts seems
to show that colour plays little part in their lives.
Apart from the fact that to our eyes, at any rate, these
gorgeous hues would be invisible in the depths, it is
difficult to imagine that each of these gaily-coloured
creatures can live amongst surroundings of its own
hue. Again, it is characteristic that the colour is
uniform. There is a marked absence of those stripes,
bands, spots, or shading which play so large a part
in the protective coloration of animals exposed to
light. Although there is no protective coloration
amongst the animals of the deep sea, the luminous
organs, which make, for instance, some of the cuttle-
fishes as beautiful and as conspicuous as a firework,
may, in some cases, act as warning signals. Having
once established a reputation for nastiness, the more
conspicuous an animal can make itself the less likely
is it to be interfered with. One peculiarity connected
with pigment, as yet inexplicable, is the fact that, in
deep-sea animals, many of the cavities of the body are
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lined with a dark or, more usually, a black epithelium.
The mouth, pharynx, and respiratory channels, and
even the visceral cavity, of Bathysaurus and Ipnops,
and indeed of all really deep-sea fishes, are black.
It can be of no use to any animal to be black
inside; and the only explanation hitherto given is
that the deposit of pigment is the expression of some
modification in the excretory processes of the abysmal
fishes.

It was mentioned above that the absence of eyes is
to some extent compensated by the great extension of
feelers and antennz. Many of the jelly-fishes have
long free tentacles radiating in all directions; the rays
of the ophiuroids are prolonged; the arms of the
cuttle-fish are capable of enormous extension. The
antennae of the crustacea stretch widely through the
water, and, in Arisfoeopsis, cover a radius of about
five times the body-length. In Nematocarcinus the
walking-legs are elongated to almost the same extent ;
and this crustacean steps over the sea-bottom with
all the delicacy of Agag. The curious arachnid-like
pycnogonids have similarly elongated legs, and move
about, like the ‘ harvestmen’ or the ‘daddy-long-legs,’
with each foot stretched far from the body, acting as
a kind of outpost. The fishes, too, show extraor-
dinary outgrowths of this kind. The snout may be
elongated till the jaws have the proportions of a pair
of scissor-blades, each armed with rows of terrible
teeth ; or long barbels, growing out from around the
mouth, sway to and fro in the surrounding water. In
other cases the fins are drawn out into long streamers.
All these eccentricities give the deep-sea fishes a
bizarre appearance; their purpose is plainly to act as
sensory outposts, warning their possessor of the pre-
sence of enemies or of the vicinity of food.

All deep-sea animals are of necessity carnivorous,
and probably many of them suffer from an abiding
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hunger. Many of the fishes have enormous jaws, the
angle of the mouth being situated at least one-third of
the body-length from the anterior end. The gape is
prodigious, and as the edge of the mouth |is armed
with recurved teeth, food once entering has little
chance of escape. So large is the mouth that these
creatures can swallow other fish bulkier than them-
selves ; and certain eels have been brought to the
surface which have performed this feat, the prey
hanging from beneath them in a sac formed of the dis-
tended stomach and body-wall. It has been said of
the desert fauna that ‘ perhaps there never was a life
so nurtured in violence, so tutored in attack and de-
fence as this. The warfare is continuous from the
birth to the death. The same words apply equally
to the depths of the ocean. There, perhaps, more
than anywhere else, is true the Frenchman's descrip-
tion of life as the conjugation of the verb ‘I eat,’ with
its terrible correlative, ‘I am eaten.’

Connected with the alimentary tract, though in
some fishes shut off from it, is the air-bladder, an
organ which contains air secreted from the blood, and
which, amongst other functions, serves to keep the
fish the right side up. The air can be reabsorbed,
and is no doubt, to some extent, controlled by mus-
cular effort ; but there are times when this air-bladder
is a source of danger to deep-sea fishes. When they
leave the depths for shallower water, where the
pressure is diminished, the air-bladder begins to ex-
pand; and, should this expansion pass beyond the
control of the animal, the air-bladder will act as a
balloon, and the fish will continue to rise with a rate
of ascension which increases as the pressure lessens.
Eventually the fish reaches the surface in a state of
terrible distortion, with half its interior hanging out of
its mouth. Many such victims of levitation have been
picked up at sea, and from them‘we learnt something
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about deep-sea fishes before the self-closing dredge
came into use.

One peculiarity of the abysmal fauna, which, to
some extent, is a protection against the cavernous
jaws mentioned above, is a certain ‘spininess’ which
has developed even amongst genera that are elsewhere
smooth. Such specific names as spinosus, spinifer,
quadrispinosum, are very common in lists of deep-sea
animals, and testify to the wide prevalence of this
form of defence. A similar spiny character is, how-
ever, found in many polar species, even in those of
comparatively shallow water; and it may be that this
feature is a product of low temperature and not of low
level. The same applies to the large size which
certain animals attain in the depths. For instance, in
the Arctic and Antarctic Seas the isopodous crustacea,
which upon our coasts scarcely surpass an inch in
length, grow to nine or ten inches, with bodies as
big as moderate-sized lobsters. The gigantic hydroid
polyps, e.g., Monocaulus imperator of the Pacific and
Indian Oceans, illustrate the same tendency; and so
do the enormous single spicules, several feet long and
as thick as one’s little finger, of the sponge Mono-
rhaphis. Amongst other floating molluscs at great
depths, chiefly pteropods, the Valdivia captured a
gigantic Carinaria over two feet in length. Of even
greater zoological interest were giant specimens of
the Appendicularia, which were taken at between 1,100
and 1,200 fathoms. This creature, named by Chun,
Bathochordeeus charon, reaches a length of about five
inches, and has in its tail a notochord as big as a
lamprey’s. All other genera of this group are minute,
almost microscopic.

There are two other peculiarities common amongst
the deep-sea fauna which are difficult to explain. One
is a curious inability to form a skeleton of calcareous
matter. The bones of many abysmal fishes are de-
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ficient in lime, and are fibrous or cartilaginous in
composition. Their scales, too, are thin and mem-
branous, their skin soft and velvety. The shells of
deep-sea molluscs are as thin and translucent as
tissue-paper; and the same is true of some brachio-
pods. The test of the echinoderms is often soft,
and the armour of the crustacea is merely chitinous,
unhardened by deposits of lime. Calcareous sponges
are altogether unknown in the depths. This inability
to form a hard skeleton—curiously enough this does
not apply to corals—is not due to any want of cal-
careous salts in the bottom waters. It is known that
calcium sulphate, from which animals secrete their
calcium carbonate, exists in abundance; but those
animals which dwell on the calcareous globigerina
ooze are as soft and yielding as those which have
their home on the siliceous radiolarian deposits.
Animals which form a skeleton of silex do not suffer
from the same inability ; in fact, the deep-sea radio-
larians often have remarkably stout skeletons, whilst
the wonderful siliceous skeletons of the hexactinellid
sponges are amongst the most beautiful objects
brought up from the depths.

The second peculiarity, for which there seems no
adequate reason, is the reduction and diminution in
size of the respiratory organs. Amongst the crus-
tacea, the ascidians, and the fishes this is especially
marked. The gill laminege are reduced in number and
in size; and the evidence all points to the view that
this simplification is not primitive but acquired, being
brought about in some way by the peculiar conditions
of life at great depths.

When the first attempts were made to explore the
bed of the ocean, it was hoped that the sea would give
up many an old-world form; that animals, known
to us only as fossils, might be found lurking in the
abysmal recesses of the deep; and that many a missing
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link would be brought to light. This has hardly
proved to be the case. In certain groups animals
hitherto known only as extinct, such as the stalked
crinoids and certain crustacea—e¢.g., the Eryonide—
have been shown to be still extant. The remarkable
Cephalodiscus and Rhabdopleura, with their remote ver-
tebrate affinities, have been dragged from their dark
retreats. Haeckel regards certain of the deep-sea
medusee as archaic, and perhaps the same is true of
the ascidians and holothurians ; but, on the whole, the
deep-sea fauna cannot be regarded as older than
the other faunas of the seas. The hopes that were
cherished of finding living ichthyosauri or plesiosauri,
or the Devonian ganoid fishes, or at least a trilobite,
or some of those curious fossil echinoderms, the
cystoids and blastoids, must be given up. Certain
of the larger groups peculiar to the deep sea have
probably been there since remote times ; but many of
the inhabitants of the deep belong to the same families,
and even to the same genera, as their shallow-water
allies, and have probably descended in more recent
times. There, in the deep dark stillness of the ocean
bed, unruffled by secular change, they have developed
and are developing new modifications and new forms,
which are as characteristic of the deep sea as an Alpine
fauna is of the mountain heights.
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To contemplate all the legislation concerning English
sea-fishing and the administration of this vast in-
dustry during the last century is alike to bewilder
the reason and to fatigue the patience. The industry
is an enormous one, and of the utmost value to the
dwellers in these islands. At the present time there
are over 27,000 vessels, manned by more than go,000
seamen, fishing from the ports of Great Britain. They
land over 900,000 tons of fish, worth some £10,000,000,
during the year. In addition to the fishermen who
remove the fish from the sea, a considerable popu-
lation of packers, curers, coopers, hawkers, etc., is
employed. For instance, out of the 20,000 hands
employed in the Shetland herring-fishery summer of
1906, 11,000 have been at sea, and 9,120, of whom 7,560
were women, have been employed on shore, not to
mention the large number of railway employés who
are engaged in the transport of a very perishable
article. Apart from the material interests of the trade
(the capital invested in steamers, sailing-boats, and gear
of all kinds being estimated at more than £11,000,000),
the fishing industry is of great importance to the
country as a training-ground for sailors and marine
engineers, and as affording a means of livelihood to a
vigorous and an independent population.
42
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Like any other industry, and—because the life-
history of the inhabitants of the sea is still so obscure
—perhaps more than any other industry, sea-fishing
is liable to arbitrary fluctuations. There was, for
instance, a partial failure in the herring-fishery in the
summer of 1906 on the north and north-east of the
Shetlands. The total number of crans landed was
438,950, as against 632,000 in 1905, a record year; and
some of the Shetlanders have been hard put to it to
live. Such a failure sets thinking those whose live-
lihood is threatened; but fishermen, although keen
observers in what immediately concerns them, are
not widely educated men, and cannot take into
account in estimating causes, the many factors of the
problems, some of which usually escape even the
most talented of marine biologists. Fishermen seek
a sign, usually an obvious one; in the present case,
the bad season was attributed to the presence of
certain Norwegian whaling companies, which a few
years ago established themselves in the Shetlands
and are destroying the common rorqual, the lesser
rorqual, Sibbald’s rorqual, the cachalot, the hump-
backed whale, and more rarely the Atlantic right-
whale. These are killed for their blubber ; the flesh
is made into sausages, largely consumed in Central
Europe; and the bones are ground up for manure.

It is, however, doubtful if whaling is in any way
responsible for the scarcity of the herrings. According
to the evidence collected by Mr. Donald Crawford's
Committee on this subject in 1904, it would appear
that practically the only point on which the fishermen
were then agreed was that the spouting of the whales
was often a good guide as to the position of the
herring-shoals. But the whales do not bring the
herrings; and the fishermen are not even agreed that
they serve to concentrate them. It is probable that
the general migrations and shoaling habits of the
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herrings are far more dependent on the physical
character of the water—a relation which is particularly
clear, as the international investigations have already
shown, in areas where sharply contrasted ocean-
currents are constantly striving for the mastery as
they are in the neighbourhood of the Shetland Isles.
The hydrographical bulletin of the International
Council recorded a distinctly lower temperature for
the Atlantic current between Iceland and Scotland at
the beginning of the year 1906 than at the correspond-
ing season of 1903, 1904, or 1905 ; and an unusually low
temperature has been characteristic of the Shetland
waters throughout the summer of 1906. The Gulf
Stream could more justly be blamed for the compara-
tive failure of the Shetland fishery in 1906 than the
Norwegian whalers, whose operations have probably
done no more injury to the herring-fishery than they
did in 1905 or the year before. Such failures are often
real disasters to a seafaring population—a race who
are, as a rule, of small versatility and unable to turn
readily to new trades. Their occurrence usually
provokes a cry for legislation.

Such an outcry is in this country usually met by
the appointment of a Commission, or of a special
Parliamentary Committee. Seventeen such inquiries
into sea-fisheries have been held since Queen Victoria
came to the throne, an average of one every four
years. The usual process is gone through; a certain
number of more or less influential gentlemen (one of
them perhaps an expert) are given a ‘wide reference,’
and they proceed to take evidence. An energetic
secretary, usually a young barrister, collects facts;
a great number of witnesses, like Mrs. Wititterly,
‘express an immense variety of opinions on an
immense variety of subjects.” These are written
down and printed ; and the Commissioners, with the
aid of the energetic secretary, seek to distil wisdom
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out of the printed evidence of the muititude, and base
on it their recommendations. Legislation is some-
times recommended; but in the case of the sea-
fisheries of this country it has, perhaps fortunately,
seldom followed the presentation of any of these
reports.

It seems, indeed, that the time is hardly yet ripe for
deep-sea fishery legislation, much as it may be needed;
and the reason is that our knowledge of the questions
involved, although rapidly increasing, is still too
deficient to form a sound basis for law-making. We
propose to confine our attention mainly to the North
Sea, and, from another point of view, mainly to
the English fishing authorities, as opposed to those
of Scotland and Ireland, in each of which countries
the fishing industry is controlled by a separate
Board. The fundamental and central question to
be settled is whether there is a diminution in the
fish generally, or in any particular species of food-
fish in the North Sea area, by far the most productive
of our fishing-grounds. If the answer is affirmative,
we may ask, What is the cause of this diminution ?
and, How can it be arrested ?

In 1863 Professor Huxley, Mr. (afterwards Sir)
J. Caird, and Mr. G. Shaw Lefevre were constituted
a Royal Commission to inquire—(1) whether or not the
value of the fisheries was increasing, stationary, or
decreasing ; (2) whether or not the existing methods
of fishing did permanent harm to the fishing-grounds;
and (3) whether or not the existing legislation was
necessary. Three years later the Commission re-
ported; and their Report forms an important mile-
stone on the road of English fishery administration.

Since 1866 great progress has been made in our
knowledge of the life-history of food-fishes; yet even
to-day we are hardly in a position to answer the ques-
tions set to Professor Huxley and his colleagues. At
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that time nothing was known about the eggs or spawn
of the food-fishes. Even while the Commission was
sitting, in 1864, Professor G. O. Sars for the first time
discovered and described the floating ova of the cod,
and succeeded in artificially fertilizing the ova and
rearing the young. The following year he did the
same with the mackerel ; and Professor Malm of Gote-
borg about this time obtained and fertilized the eggs
of the flounder. Since that time we have found out
the eggs of all the valuable food-fish, and artificially
hatched most of them. But the facts about the cod’s
eggs appear to have been unknown to the Commission.
They had to rely upon such data as the return of fish
carried by the railway companies, the current prices
of fish in the market, the return on the capital invested,
and the impressions of leading merchants and fisher-
men. They had little scientific knowledge of sea-
fisheries to guide them, for the knowledge scarcely
existed; and they had no trustworthy statistics.
Nevertheless, as was usually the case when Professor
Huxley was concerned, they arrived at very definite
conclusions—conclusions which subsequent writers
have felt to be, for the time when they were formu-
lated, sound. There was no doubt that at that date,
both in Scotland and in England, the fisheries were
improving ; the number and the value of the fish landed
at our fishing-ports were annually increasing; the
capital invested in the industry yielded a satisfactory
return.

The Commissioners strongly opposed the bounty
system, which had done so much to build up the
herring - fisheries in Scotland. They recommended
the policy of opening the ports and the territorial
waters to foreign seamen. They regarded the sea
as free to all, just as the International Congress of
Lawyers in the autumn of 1906 declared the air to be.
They found no reason to believe that the supply of
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fish was diminishing. They were aware of the
enormous destruction, especially of immature fish,
consequent upon the methods of fishing, but regarded
this destruction as infinitesimal compared with what
normally goes on in Nature, and held that it did no
permanent harm to the fisheries. They recommended
that all laws regulating fishing in the open seas should
be repealed, and, with two exceptions, that similar
laws dealing with inshore fisheries should also be
repealed ; and they suggested that an Act should be
passed dealing with the policing of the seas. - The Sea
Fisheries Act of 1868 carried these recommendations
into effect, removed from the Statute-book over fifty
Acts, some dating back for centuries, and rendered it
possible for a fisherman to earn his living ‘how, when,
and where he pleased.’

But since 1868 much has changed. Beam-trawls
continued to be increasingly used down to 1893, since
which date they have been replaced, in steam-trawlers,
by the more powerful otter-trawl. There has been
an immense increase in the employment of steam-
vessels. In 1883 the number of steamers was 225,
with a tonnage of 6,654 tons; in 1892 the steamers
numbered 627, with a tonnage of 28,271. During
the same time the number of first-class sailing-
vessels had sunk from 8,058 to 7,319, whilst the
tonnage was practically stationary—244,097 tons in
1883, as compared with 244,668 tons in 1892. The
introduction of the use of ice, which took place about
1850, and the invention of various methods of renew-
ing and aerating the water in the fish-tanks, enabled
the boats to remain much longer on the fishing-grounds,
and to waste much less time in voyaging to and from
the ports where the fish is landed. Further, the time
spent on the grounds was appreciably lengthened by
the employment of ‘carriers,” which collect the fish
from the fleet of trawlers and carry it to port. This
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process of ‘fleeting,’ as it is called, at first confined to
the sailing-smacks, is still used by the large Hull
fleets of steam-trawlers which provide Billingsgate
and more recently, Hull, itself with daily supplies of
trawled fish fresh from the fishing-grounds. There
has also been a great growth in dock and other
accommodation.

With the tendency to use larger vessels and more
complex machinery came the tendency to form com-
panies and syndicates. The fisherman ceased to own
his boat, and now retains at best a share in it. The
increase in size of both the vessel and the gear
necessitates increased intricacy in the operations of
fishing and increased specialization on the part of the
hands. The old fishing community, whose fathers
and grandfathers have been fishers, is disappearing
before the advance of modern economic forces. The
fishing - village is turning into the cheap seaside
resort,

The scene of operations of the North Sea fisherman
is by no means limited to the area in the map over
which the two words wander. Roughly, for purposes
of definition, we may say that a North Sea fisherman
is one who lands his fish at an eastern port. Should
he do so at a southern or western port, even though
he hail from Lowestoft or Scarborough, he tempo-
rarily ceases, for our purpose, to be a North Sea
fisherman. The North Sea codmen work along the
Orkneys, the Shetland and Farde Islands, Rockall and
Iceland. The fishing-grounds of East Coast trawlers
now range from Iceland and the White Sea to the
coasts of Portugal and Morocco. Boats have gradually
made their way along the Continental coasts on the
eastern side of the North Sea, opening up, about the
year 1868, the grounds to the north of the Horn reef
off the Danish coast. In this direction, as in the
Icelandic grounds, the pioneers have been the codmen
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and the ‘liners,’ who catch their fish on hooks attached
to long lines—sometimes seven miles in length and
carrying 7,000 hooks—which are lowered to near the
bottom and attached to buoys. The ‘liners’ also first
exploited the more central portions of the North Sea,
fishing the great Fisher Bank for many years before
the appearance there, about thirty years ago, of the
trawlers, who have only used it as a winter-ground
since about 1885. It was not until about 1891 that
trawlers visited the Icelandic grounds.

In spite of the increase in the area of the fishing-
ground which took place in the last century, the
intensity of the fishing has more than kept up with
the new areas exploited. Professor Huxley's Com-
mission held the view that not only were there as goad
fish in the sea as ever came out of it, but that the fish
were as many and as large as before, and that there
was no reason to suppose their number would
diminish. Indeed, when we consider that an unferti-
lized fish-egg is rarely found in the sea, and that,
according to Dr. Fulton, of the Fishery Board for
Scotland, the female turbot produces annually 8,600,000
eggs, the cod 4,500,000, the haddock 450,000, the plaice
300,000, the flounder 1,400,000, the sole 570,000, whilst
the herring has to be content with the comparatively
meagre total of 31,000, optimism seems permissible.
On the other hand, the reflection that, if the stock
of cod remains about constant, only two out of the
8,600,000 ova attain maturity, gives some idea of the
destructive forces at work.

The eggs are expelled into water, whilst a male is
‘standing by,’ fertilized in the water, and (except in
the case of the herring, whose eggs sink) those of the
chief food-fishes float to the surface, where they pass
the first stages of their development. Except, again
in the case of the herring, which has definitely
localized spawning-grounds, there has hitherto been

4
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little trustworthy evidence as to the existence either
of stereotyped spawning migrations or of very definite
breeding-grounds in the case of the chief food-fishes.
The great Lofoten cod-fishery in spring is based on
such a migration, as it is at this time of the year that
the cod approach the coast in dense shoals for
spawning purposes. During the summer, after the
spawning is over, the cod disappear northwards.
But with respect to the spawning habits of fishes in
the waters most frequented by British fishermen we
know little more than that the greater number of fish
spawn in relatively deep water and at some distance
from land. Light will doubtless be thrown upon this
problem by the international investigations now in
progress. The brilliant discovery by the Danish
investigators of immense numbers of the fry of the
common eel in the deep water of the Atlantic, west
of Ireland, and the absence of the eggs and fry from
the North Sea and Baltic, render it practically certain
that the countless hordes of eels which leave the
rivers of North Western Europe in autumn migrate to
the ocean for spawning purposes ; and, more remark-
able still, that the delicate young elvers which enter
the same streams in autumn have already overcome
the perils of their long return migration.

Before considering the evidence for the existence of
a progressive impoverishment of the fishing-grounds,
it should be recorded that the Trawling Commission
of 1885 held that the increase of trawling had led to
a scarcity of fish in the inshore waters; and that to
get good catches it was necessary to go farther to sea.
Eight years later, the Select Committee of 1893 held that
‘a considerable diminution [had] occurred among the
more valuable classes of flat-fish, especially among soles
and plaice’; and that of 1900 reported that ‘ the subject
of the diminution of the fish-supply is a very pressing
one, and that the situation is going from bad to worse.’
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The evidence which induced this change of view
rests partly on experiment, partly on statistics.
Although the new view may be correct, none of the
older sources of evidence are altogether satisfactory.
One charge which used to be made against the trawl
—that it destroyed the fish-spawn—has been dis-
proved. The ova of all the prime food-fish, as we
have seen, with the exception of those of the herring,
float on the surface; and the herring is a fish that
shows no sign of diminishing in number. In 1886 the
Scottish Fishery Board began experiments to deter-
mine whether the number and size of fish were
diminishing on a certain limited area or not. The
Firth of Forth and St. Andrews Bay were closed
against commercial trawling, and divided into stations.
Once a month the ship employed by the Board visited
each station and trawled over a given area. The fish
taken were counted and measured. For the first few
years the results indicated an increase of food-fish;
but, taking a longer period and considering the flat-
fishes alone, we find that the numbers of plaice and
lemon-sole taken sank from 29,869 for the five years
1885-1890, to 28,044 for the five years 1891-1895. On
the other hand, the dab, a comparatively worthless
fish, had increased from 19,825 to 29,483.

These figures, it is true, have not been generally
accepted as an exact measure of the changes which
took place during the period investigated; but inde-
pendent criticism has  corroborated their general
tendency. It looks as if protection had been encour-
aging the wrong sort—a process not unknown else-
where. The explanation possibly lies in the facts
adduced by Dr. Fulton that the plaice and lemon-soles
spawn only in the deep water outside the closed
areas, where they are subject to continuous fishing,
with the apparent result of a decrease in the number
of eggs and fry inshore; whilst the dabs spawn to a

4—2
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large extent in the protected waters, and many of
them in the offshore waters are able, in conseqence
of their small size, to escape through the meshes of
the commercial trawl, even when mature.

Two further experiments, carried out in 1890 and
1901 by the Scottish Fishery Board and the Marine
Biological Association respectively, showed for the
first time that the annual harvest of a given area bears
a much larger proportion to the stock of fish than had
been previously supposed. These were experiments
with marked fish, designed originally to trace their
migrations. Out of more than 1,200 plaice liberated
in the Firth of Forth and St. Andrews Bay, more
than 10 per cent. were recovered almost exclusively
by hook and line. Owing to these waters being closed
against trawlers, there is reason to believe that the
number actually recaptured by trawl and line together
was very much greater. Again, out of more than
400 marked plaice liberated on the Torbay fishing-
grounds, 27 per cent. of those liberated in the bay,
and 35 per cent. of those set free on the offshore
grounds, were recaptured by trawlers.

The evidence derived from statistics has hitherto
been, in many respects, unsatisfactory. In spite of
the recommendations of more than one Royal Com-
mission, nothing was done towards a systematic
collection of fishery statistics until the late Duke of
Edinburgh, at a conference held at the Fisheries
Exhibition of 1883, happened to read a paper on some
statistics collected by coastguards as to the quantity
and quality of fish landed. This paper being sent to
the Board of Trade, ‘it was decided to establish a
collection of fishery statistics for England and
Wales on the same lines, and generally by the same
machinery, as has been recommended by His Royal
Highness.” Unfortunately, neither the lines nor the
machinery have proved sound. The officials have also
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been hampered by want of funds. The Treasury
offered £so0 (afterwards increased to £700) a year for
statistical purposes—a totally inadequate sum when
distributed as wages among the 157 ‘collectors’
scattered round our coasts. The duties of these col-
lectors were to send monthly returns of thirteen
different kinds of ‘wet fish’ and three kinds of shell-
fish, stating the quantities landed and the market
value at the port. They had no powers to demand
information from anyone, or to examine books or
catches or market- and railway-returns ; and they were
subject to but little if any supervision.

Not only were these statistics untrustworthy, even
as a simple record of the quantities of fish landed,
but they were rendered practically useless for exact
inquiries concerning the decline of the fisheries,
through the neglect of any precautions to discriminate
between the catches in the home waters and those on
distant fishing-grounds of a totally different character.
Fish from Iceland, Faroe, and the Bay of Biscay, as
these areas were successively exploited, all went to
swell the totals in the single column of ‘fish landed,’
thus rendering it quite impossible to determine the
state of the fishery on the older fishing-grounds
around our coasts. Taking the statistics as they
stand, however, we find that during 1886-1888 the
average quantity of fish annually landed on the coasts
of England and Wales amounted to 6,263,000 cwt.,
valued at £3,805,000; during 1890-1892, 6,184,000 cwt.,
valued at £4,496,000 ; during 1900-1902, 9,242,000 cWwt.,
valued at £6,543,000.

The average price of fish per cwt. in these periods
was consequently 12s. 2d. in 1886-1888, 14s. 61d. in
1890-1892, and 14s. 34d. in 1900-1902. The census
returns indicate that the population of England
and Wales had risen in the meantime from about
28,000,000 in 1887 to 29,000,000 in 1891, and 32} millions
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in 19o1. We thus see that the people were steadily
increasing their expenditure on fish, viz., from 2s. od.
per head in 1887 to 3s. 1d. in 1891, and to 4s. per head
in 1901. The quantity consumed amounted to 25 lb.
per head in 1887, 239 lb. in 1891, and 388 lb. in
1901.

To appreciate the significance of these figures it is
necessary to bear in mind that, prior to 1891, the fish-
ing was mostly prosecuted in the North Sea and in
the immediate neighbourhood of our coasts. During
this period the price rose 20 per cent. and the supply
fell—facts which indicate with tolerable certainty that
the yield of the older fishing-grounds had reached its
limits, if it was not actually declining. But in the
following decade the conditions were reversed; the
supply increased 5o per cent., and the price fell 3d.
per cwt. This was the period of rapid increase in the
number of steam-trawlers, of the exploitation of new
fishing-grounds in distant waters, and of a great ex-
pansion of the herring-fishery.

There was thus no question of a general scarcity of
fish. Fishing-boats were multiplying, and supplies
increasing by leaps and bounds. Between 1891 and
1901 the average annual catch of plaice rose from
677,000 cwt. to 959,000 cwt., that of cod from 367,000
to 748,000 cwt., and that of herrings from 1,400,000 to
2,800,000 cwt. In the absence of specific information
as to the yield of the older fishing-grounds, Parlia-
ment and the Government turned a deaf ear to the
fishermen’s complaints. ;

But in 1900 it was shown to the Parliamentary
Committee on the Sea Fisheries Bill of that year that,
during the past decade, characterized (as we have
seen) by a general fall in the price of fish, the price ot
plaice had risen 17 per cent., and that of other valuable
flat-fishes from 3 to 6 per cent. It was also shown
that, while the catching power had multiplied three-
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fold in ten years, the catch of trawled fish had only
increased 30 per cent. In 1901 the inspectors of
fisheries provided a table contrasting for ten years
the annual supply of trawled fish at Grimsby, Hull,
and Boston (which receive the products of the Icelandic
fisheries), with that of other East Coast ports which
derive their fish exclusively from the North Sea. In
the former ports the supply had increased from year
to year, while at the other ports the supply during
the years 1895-1900 was in no year so great as in the
least productive of the years 1890-1895. The fisher-
men'’s case was at last made out; and in 1902 the late
Government decided to participate in the investiga-
tions recommended by the Christiania Conference
in 1901 for the purpose of formulating international
measures for the improvement of the North Sea
fisheries. :

It is satisfactory to turn from the past records of
neglect, from the supineness of the authorities, the
imperfections of the statistics, the inadequate pittance
devoted to investigations, to the progress which has
taken place since the Government decided to devote a
reasonable proportion of public funds to the improve-
ment of knowledge on fishery subjects. The collection
of official statistics has been reorganized on all our
coasts on a system which aims at obtaining complete
accounts of the results of each voyage of every first-
class fishing-boat ; the catches of trawlers and liners
are now distinguished; the quantities of fish caught
in the North Sea are distinguished from those taken
beyond that area; the quantities of large, medium,
and small fish are separately recorded in important
cases; the numbers, tonnage, and landings of different
classes of fishing-vessels are separately enumerated.

It is interesting to note the first results of the more
exact system introduced in 1go3. Considering only the
fish caught in the North Sea and landed on the East



56 BRITISH SEA-FISHERIES

Coast, we note a marked decline in the total catch of
steam-trawlers during the years 1904, 1905, and 1906,
and an increase in the catch of sailing trawlers. The
former declined from 4§ million cwt. in 1903 to 32 million
cwt. in 1905 ; the latter increased from 277,000 cwt. in
1903 to 296,000 cwt. in 1905. It is shown, however, that
these changes were accompanied by a considerable
fall in the amount of fishing by steam-trawlers and a
rise in the case of the sailing trawlers, so that infer-
ences concerning impoverishment or the reverse would
be premature. Nevertheless a fall in the abundance
of haddock may be inferred from the fact that not only
the total catch of this species, but also the average
catch of the boats fell off continuously from 84 cwt.
per diem in 1903 to 6'1 cwt. per diem in 1905. The
fall is also seen to be mainly due to a scarcity of
‘small’ haddocks in 1904 and 1905 as compared with
1903. With the conclusions to which such data as
these are likely to lead we are not now concerned ;
but these examples are sufficient to show that the
official statistics are no longer a confused mass of
useless figures, but a rational and fairly accurate
system capable of analysis.

We have now to examine those experimental
branches of investigation which are equally necessary
for the effective solution of fishery problems. The
chief possible causes of an impoverishment of the sea
are three in number. First, as in the central United
States the accumulated richness of a virgin soil pro-
duced at first huge crops, so, when fishing began in
the North Sea an accumulated wealth, both in the
number and in the greater size of the individual fish,
was drawn upon. This ‘accumulated stock’ has been
fished out.

Secondly, a given area of the sea, like a given area
of land can support but a limited quantity of produce.
There is a definite amount of food for fish in a definite
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volume of sea; a limit is therefore set to the number
of fish in that volume of water. Professor Hensen
and Professor Brandt, of Kiel, have shown that a
square metre of the Baltic produces an average of
150 grammes of dry organic material in the shape of
diatoms, copepods, and other floating organisms. A
similar area of land produces 180 grammes of ultimate
food-substance. The productivity of the sea is judged
on this basis to be about 20 per cent. less than that of
the land. The actual amount is of less importance
than the consequences it entails. If the methods of
fishing are more destructive of one species than
another, comparatively worthless species may become
dominant in areas where they were formerly scarce,
and thus consume the food which should be reserved
for their betters. It is commonly reported that the
dab has tended to usurp the position formerly taken
by the plaice, not only in the Scottish firths, but on the
Dogger Bank, in the Devonshire bays, and in other
localities. Dr. Garstang, of the Marine Biological
Association, tells us that small plaice transplanted to
the Dogger Bank in 1904 grew three times as much in
weight as did their fellows on the coastal banks; but
in the following year they grew only twice as much,
owing to the presence of vast quantities of small
haddocks, which ate the plaice’s food and were never-
theless too small and worthless themselves to be
landed by the fishermen. Yet formerly the Dogger
teemed with large plaice and haddock. It was stated
to the Royal Commission in 1863 that the fishermen
avoided the Bank as causing gluts of fish and deprecia-
tion of price ; and witnesses from Yarmouth and Hull
assured the Commission that between two and three
tons of fish, chiefly haddock and plaice, were fre-
quently taken by smacks in a three hours’ haul. As
small plaice are confined to the coastal banks, and
large plaice are now scarce, it follows that the great
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food-reserves on the Dogger Bank, which seem provi-
dentially designed for the fattening of plaice, are
wasted on worthless dabs and baby haddocks. Thus
may one cause of impoverishment lead on to another.
Perhaps the right remedy in a case like this is to
promote the wholesale transplantation of young plaice,
as in the case of oysters, mussels, etc. The ex-
periments already made by the Marine Biological
Association point strongly in this direction.

Thirdly, the excessive destruction of young fish is
another, and perhaps the greatest, cause of the im-
poverishment of the sea. The destruction is enor-
mous. In the winter of 1882-1883 it was estimated
that in the Firth of Forth, the Firth of Tay, and the
Moray Firth, 143,000,000 of young herrings and a
much greater quantity of sprats were captured.
These were mostly sold as manure. Yet the herring
does not decrease; it is the flat-fish, the plaice and
the sole, that suffer most. In 1896, 368 tons of
small fish were seized by the Fishmongers Company
at Billingsgate ; in 1897, 143 tons ; and in 1898, 96 tons.
These were sold as manure or destroyed. Mr. Holt
estimates that, while over 7,000,000 mature plaice were
landed in the port of Grimsby during the year April,
1893, to March, 1894, over 9,000,000 plaice not sexually
mature were brought to port; or, taking the trade
distinction between ‘small’ and ‘large’ fish, over
6,500,000 plaice under 13 inches in length were landed,
as against 9,700,000 over 13 inches. So many as 10,407
young plaice have been taken from a single drag of
a shrimp trawl. These are but a few instances out of
many, showing the great destruction which is going
on among the young of our more valuable food-fishes.

The questions they suggest are still a matter of
discussion. Whether even this destruction has an
appreciable effect on the adult population is debatable.
It does not seem to have affected the herring ; and we
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must not forget the prodigious number of offspring
given to fish. The taking of immature fish is not in
itself uneconomic, unless by that means we so far
reduce the total number that the adult stock begins to
dwindle. Sardines are more valuable than their adult
form, the pilchard; whitebait, mainly composed of
young sprats, with from 1 to 20 per cent. of young
herrings, fetch more in the market than the parent
form; and so long as the adults exist in sufficient
number to keep up the stock of fry, sardine and
whitebait fishing is perfectly legitimate. ‘

But, assuming impoverishment from one or other or
all of the causes enumerated, we should ask what steps
can be taken to check it, especially as regards the
more valuable flat-fish. It is at this stage that scien-
tific knowledge becomes particularly important. At
least nine out of every ten Acts of restrictive legisla-
tion have been shown by experience to be futile, or to
have produced results absolutely different from those
anticipated. It is equally plain that the failure of
these attempts to interfere with the natural course
of events has been largely due to inadequate know-
ledge of the complicated factors which affect the
growth, multiplication, and distribution of fish, and of
the influence which particular modes of fishing exert
upon the sources of supply.

Let us examine the first-mentioned cause of im-
poverishment, the destruction of the ‘accumulated
stock.” This formula has been eagerly adopted by
some who hesitate to admit the existence of any form
of over-fishing. It implies that a state of equilibrium
is possible between the forces of destruction and the
forces of repair; that on virgin territory older indi-
viduals tend to accumulate beyond what is necessary
for the maintenance of the ‘current stock’; and that
their removal entails no real injury to the supply. In
scientific terms this means that the average age of
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mature individuals of a natural stock may be reduced
by man to a lower point which represents the eco-
nomic optimum. The Patagonian cannibals seem to
have been early converts to the soundness of this
theory. The difference between the Patagonian who
eats his mother-in-law and the fisherman who destroys
the overgrown plaice is that the former’s actions are
deliberate and limited, while the removal of the accu-
mulated stock is not so much an object of the fisher-
man as an unpremeditated consequence of the intensity
with which fishing operations tend to be conducted.
Does the fisherman abate his operations when the
economic optimum has been reached ? Clearly not.
He fishes till it ceases to pay; and no other motive
affects him. It is plainly a question for scientific
inquiry whether, in a given case, the fishery has been
prosecuted to excess, and has reduced the average age
too far, or not.

On this question the International North Sea In-
vestigations have already thrown valuable light, for
the study of the intensity of fishing by means of
definite experiments with marked fish has formed an
important part of the programme; and the investiga-
tion of the age of plaice, cod, and other species has
been vigorously prosecuted. According to the latest
report of the Council of the Marine Biological Associa-
tion, more than 7,000 marked plaice have been set free
by their staff, and 24 per cent. altogether have been
recaptured. Of the medium-sized fish which, furnish
the best test of the intensity -of fishing, 30 per cent. in
twelve months have been captured in the southern
part of the North Sea, where sailing trawlers pre-
dominate, and 40 per cent. on the Dogger Bank and
adjacent grounds, where the fishing is done by steam-
trawlers. It seems, however, that some of the fish
lose their labels before being caught again. A still
closer idea of the severity of the fishing may perhaps
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be got from another experiment with weighted bottles,
which were specially devised by Mr. G. P. Bidder to
act as indicators of bottom currents, and were thrown
overboard from the Huxley in the winter of 1904-1905,
in the southward parts of the North Sea. Out of
600 bottles more than s4 per cent. were returned by
trawl fishermen within twelve months. If anything
like half the adolescent stock of plaice is taken by our
trawlers every year on the deep-sea fishing-grounds,
the establishment of the fact must profoundly affect
our views as to the causes of depletion and the reme-
dies to be applied; for the fishing in these instances
seems not to have been on the so-called ‘small-fish’
grounds or nurseries, but in areas which have always
been recognized as legitimate fields of work.

The possibility of determining the age of fish is
quite a recent discovery, and is based on the observa-
tion that the scales, vertebrae, and especially the
¢ otoliths’ or ear-stones of fish, show alternate dark
and light rings of growth, corresponding with the
summer and winter seasons of the year, exactly like
the rings in the wood of trees. Many difficult prob-
lems are likely to be cleared up by a knowledge
of the age of fish on different fishing-grounds; and,
to judge from the scale on which this investigation is
being pursued, it will not be long before we may
expect something in the nature of an age-census. The
Council of the Marine Biological Association have
reported no less than 12,000 age-determinations of
plaice by their North Sea staff up to June last; and
the German and Dutch investigators are working on
similar lines.

To conclude our argument, we should now examine
the question whether it is possible to determine to
what extent and in what manner the destruction of
immature fish, which is admittedly enormous, is in-
jurious to the permanent supply. We have already
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referred to Mr. Holt’s statistics, which showed that
40 per cent. of the plaice landed in Grimsby in the
year 1893-1894 were below 13 inches in length. In
1904, 30 per cent. of the plaice landed from the North
Sea on the whole East Coast were below 11 inches in
length. German statistics show that from 1895 to 1904
there was no sensible increase in the total weight of
plaice landed in that country, but the proportion of
‘small’ fish (below 14 inches in length) steadily in-
creased from 68 per cent. in 1895 to 87 per cent. in
1904. There can thus be little doubt that the supply
is being maintained only by drawing more and more
upon the fish of smaller size and of less value.

It seems to have been too readily assumed, however,
that this increasing destruction of small plaice is the
great cause of the declining catches of better fish.
Has the cart not been put before the horse? In view
of what has been said above concerning the general
severity of the fishing, does it not look as though the
capture of increasing quantities of small plaice were a
consequence, and not the cause, of the general deple-
tion of the grounds? The people demand plaice.
The proprietor of a large fried-fish shop in the East
End was a witness before the House of Lords Com-
mittee on the Sea-Fisheries Bill of 1904. His custo-
mers numbered from 500 to 3,000 daily; and there
were 2,000 other establishments of the same kind in
London. He told the Committee : ¢ Plaice is the most
popular fish in our line of business; people do not
care for any other.’ Owing to the higher price of
plaice, however, he was often compelled to substitute
cheaper kinds of fish. In one month he had even
made five purchases of small turbot and brill, against
only two of plaice, in order to meet the demand.
‘You must understand,’ he added, ‘that amongst the
class of people we deal with we do not sell turbot and
brill as turbot and brill ; we have to sell it as plaice.
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Plenty of people, if you said you had turbots, would
not have them. It is obvious that fishermen would
not land small plaice if large were plentiful. It was
not until the large fish became scarce that fishermen
began to take the small.

If these facts are correctly stated, the remedial treat-
ment of the undersized-plaice problem must be taken
up from a new standpoint. We must apparently give
up the expectation that by merely stopping the destruc-
tion of small plaice we shall replenish the sea. The
fishing seems to be too severe for that. Every autumn
our trawlers fish the waters between the Dogger and
the eastern grounds, confident that they will take a
good catch of medium-sized plaice averaging 12 to
15 inches in length. These are fish which no fisher-
man in these days would despise. Though mixed
with a considerable proportion of still smaller fish,
no possible size-limit will prevent him from reaping
this annual harvest. These fish, as has now been
shown by the North Sea experiments, are undertaking
their first migration from the coastal grounds to the
deeper waters. However much we protect the still
smaller fish inshore, this wall of nets will be inter-
posed every autumn between the shore and the open
sea. The greater the benefits of protection inshore,
the denser will be the barrier confronting the fish out-
side, and the smaller the chances of escape.

To this must be added a new disturbing element,
mentioned by Dr. Garstang in his evidence before the
House of Lords Committee in 1go4. It is generally
agreed that the only possible form which protection
can take is that of a size-limit, below which it shall be
illegal to land or sell fish. In the case of steam-
trawlers this limit must be high enough to render it
unprofitable for the boats to fish on grounds where
the small plaice are most abundant, since the majority
of undersized fish are too much injured in the process
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of capture to be capable of survival if returned to the
sea. It is otherwise with the small local sailing-boats
(whether Danish, German, or Dutch) which are ac-
customed to fish on the small-fish grounds. These
boats catch the fish alive and throw the undersized
fish overboard in a living condition. As they can
operate nowhere else, it may be taken for granted
that the Governments of their respective countries,
however anxious they may be to improve the fisheries,
will scarcely consent to impose such a size-limit as to
render it unprofitable for their local boats to fish.

The utmost possible protection of the small plaice
would consequently be attained by determining (a) a
high size-limit for steam-trawlers, practically debarring
them from fishing on the coastal grounds; and (&) the
highest size-limit for sailing-boats that would be con-
sistent with the profitable pursuit of their calling.
The first pick of the fish would consequently fall to
the local boats; and, if protection should result, as it
is reasonable to expect, in an increase in the number
of plaice on the coastal grounds, there would be every
inducement for these local boats to multiply in number,
with the laudable object of catching as many as possible
of the marketable plaice before they could migrate to
the offshore waters. In practice some fish would
escape; but, in the absence of any restriction upon
the number of local boats, there seems no reason to
expect that the number of emigrant plaice would, in
the long run, be any greater than at present. Even
under existing conditions, the local fishery on the
‘west coast of Denmark has developed from a value of
about £40,000 in 1897 to nearly £80,000 in 1904.

If, however, we are right in assuming that a given
area of ground can only produce a given weight of
fish per annum, it is fairly certain that, under protec-
tion, the increased density of the fish inshore will
result in a retardation in the average rate of growth,
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an example of which we have given on a previous
page. This must produce one or other of two results:
either the small fish will remain longer on the inshore
grounds before emigration, or they will emigrate off-
shore at a smaller size than at present. Judging,
therefore, from the evidence available, it seems
probable that legislative restrictions on the lines in-
dicated can do little to replenish the offshore fishing-
grounds, while such restrictions may lead to a slight,
and possibly a substantial, increase in the number of
small boats fishing along the coasts affected.

While Great Britain can grudge no benefit to the
fisheries of other countries, it is the improvement of
the deep-sea fisheries which is the paramount interest
of this country. Doubts, it has been said, are resolved
by action; but if we have correctly analyzed the com-
plicated factors which affect this problem, we have
also shown how essential to right action is the fullest
possible knowledge concerning all the factors involved.
Grave as the North Sea problem undoubtedly is, it is
equally certain that the condition of the fishing industry
generally was never more prosperous than at the
present time. The figures quoted in an earlier part
of this article prove this statement to be no paradox.
Interference of some kind, whether by legislation,
transplantation, artificial culture, or some combination
of all these means, seems ultimately to be inevitable.
But, if we are to interfere with the fishing industry
more successfully than our predecessors, we should
take advantage of the present time of prosperity to
increase our knowledge on every side — scientific,
statistical, experimental—so as to be able to act with
conviction when the whole circumstances are clearer
and the adequacy of our proposals is less open to
doubt. Moreover, in view of the growing interest of
other countries, especially Germany and Holland, in
deep-sea trawling, and of the international character

5
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of the most critical problems, there can be no two
opinions as to the desirability of continuing these
investigations on some kind of international basis,
a basis which has already been productive of very
promising results.

Before turning our attention to the various bodies
which administer and investigate the fisheries of
England, a short consideration of what is done in
the two great countries which have scientifically
developed their fisheries may be profitable. In
Germany we have the Kiel Commission, and in the
United States the Commission of Fish and Fisheries.
The Kiel Commission exists for the scientific investi-
gation of the German seas. It was established in
1870 at the suggestion of a German sea-fishery society
—an interesting example of the belief which the
German layman has in science. It consists of four
Kiel professors — Hensen representing physiology,
Karl Brandt zoology, Reinke botany, and Kriimmel
geography —and of Dr. Heincke, director of the
biological station on Heligoland. An annual grant
of £7,5001s made by the German Government for the
maintenance of the laboratories at Kiel, the cost of
steamers for. investigations, the cost of the handsome
reports published under the name of ¢ Wissenschalftliche
Meeresuntersuchungen,’ and for salaries; of these the
five members of the Commission divide but £270
between them. The German Government has also
spent considerable sums on the biological station in
Heligoland, and make it an annual allowance of about
£1,000. :

The American Commission, like that of Kiel, is not
an administrative body, but concerns itself with the
acquisition and application of knowledge concerning
fisheries; like it, too, it is independent of official
control. It reports directly to Congress. It was
established in 1871. Its work is, however, of a more
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practical kind ; besides general scientific investigation,
it collects fishery statistics and undertakes commercial
fishery inquiries, assists in finding markets, and
generally advises the trade and the Legislature when
diplomatic action is indicated ; finally, it is by far the
most energetic fish-breeding institution in the world.
Much of its work is concerned with the vast system of
inland waters—rivers and lakes—which traverse the
Continent. The work has been carried out on a scale
unknown elsewhere, and Congress has supported it
with ample funds. The appropriation in 1897-1898
exceeded £97,000, of which £41,000 was spent on
salaries, £16,000 on scientific investigations and upkeep
of steamers, £37,000 on fish -culture (mostly fresh-
water), and £3,000 on administration and statistics.
Besides this central body, many of the States possess
fish commissions of their own. The commissioners
control numerous laboratories and fish-hatcheries, two
sea-going vessels, and many railway-cars specially
designed for the transport of fish-fry.

Space does not permit our dealing with the Scottish
and Irish Fishery Boards. The former has existed
for a century, and, being independent of departmental
control, while enjoying a moderate income and the
advice of such zoologists as Goodsir, Allman, Sir
John Murray, Cossar Ewart, W. C. McIntosh—who
has done more than anyone in the Empire to elucidate
the life-histories of marine fishes—and D’Arcy Thomp-
son, together with an able staff, the Fishery Board for
Scotland has done much thorough and useful work.
The fisheries of Ireland suffered from the economic
disturbances which overtook Ireland during the nine-
teenth century, and reached, perhaps, their lowest ebb
in 1890. The industrial revival, with which the name
of Sir Horace Plunkett is so indissolubly connected,
has included in its scope the Irish fisheries. The
fishery branch of the Department of Agriculture and
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Technical Instruction receives an annual grant of
£10,000, and, under the guidance of the Rev. S.
Green and Mr. E. W. L. Holt, is already doing
much to promote the fishing of the well-stocked Irish
seas.

The English official fishery staff seems to have
sprung from the requirements of the Salmon Fishery
Act of 1861. To carry out the regulations over fresh-
water fisheries recommended by that Act two in-
spectors were appointed, and these were at first
attached to the Home Office; a further Act in 1886
transferred these inspectors to the Board of Trade,
and extended their duties so as to include the pre-
paration of annual reports on sea-fisheries. In 1903
another transfer took place; and the inspectors were
transferred to the Board of Agriculture, which then
became the Board of Agriculture and Fisheries.

At present the central staff consists of an assistant
secretary and two inspectors, in addition to a body of
statistical experts. Their duties are far too numerous
for so small a staff. Much of their time is taken
up with the comparatively unimportant freshwater
fisheries; and these are the subject of a separate
report. Without actually administering the byelaws
of the local committees, they exercise a certain super-
vision over their actions. They have to attend
numerous inquiries all over the country, and to
prepare annual reports; and they are responsible for
the collection of the statistics which have recently
assumed so extensive a development. Besides the
central authorities at the Board of Agriculture and
Fisheries, there are local fisheries committees estab-
lished by an Act of 1888. These committees can be
established by the county and borough councils on
application to the Board of Agriculture and Fisheries,
which defines the area over which a committee shall
have jurisdiction. One-half of such a committee is
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chosen by the local councils, and one-half by the
central authority. The necessary money is raised by
a local rate. A committee may draft byelaws; but
these only become operative if confirmed by the
Board. These byelaws differ, according to conditions,
in different parts of England. They deal largely with
restrictions on trawling. No steam-trawler is allowed
to trawl within the three-mile limit around the coast
of England; even the sailing trawler is forbidden.
The byelaws also deal with the sizes of the meshes of
nets, shrimping, crabbing, etc.

Neither the central authorities, whose chief function
is to administer the law and collect statistics, nor the
local committees, whose expenditure is limited to the
¢ shell-fisheries —and, stretch the Act to the breaking
point, you still cannot make a flat-fish into a shell-
fish—have either the time or the money for scientific
experiment. This has to a large extent been left to
local or private enterprise, and is mainly confined to
three centres—the Northumberland coast, the Lanca-
shire and western district, and the Channel and North
Sea. The first-named area has recently been supplied
by a private benefactor with funds for an efficient
laboratory at Cullercoats, from which much useful
work may be expected.

It is difficult to disentangle the Lancashire and
Western Sea-fishery Committee from Liverpool Uni-
versity on the one hand, and from the Liverpool
Marine Biological Committee or Society on the other.
The Committee owns a handsome marine station at
Port Erin, on the Isle of Man; here and at the fish-
hatchery at Peel, in Cumberland, the largest fish-
breeding experiments in England are carried out.
In 1904, 5,000,000 young plaice were reared and put
into the sea from Port Erin alone. The Committee
publishes annual reports and a series of ‘ Memoirs.’
It is probably to this Committee that the University
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owes its connexion with the local sea-fisheries authori-
ties. In the laboratories and museums of the Uni-
versity the scientific work of the local districts is
carried on by officials paid by the Fisheries Com-
mittee; and special rooms in the handsome new
zoological department have been assigned to these
two organizations. The connecting link between the
three bodies is the professor of zoology, Dr. Herdman,
who is honorary director of the scientific work, and
to whose untiring energy the University and the
district owe a large debt. With him work two trained
naturalists, Dr. Jenkins, the Superintendent of the
District Committee, and Mr. James Johnstone, whose
lucid and admirable work is mentioned at the head of
this article. From it many of our figures and facts
have been taken.

The third and last body occupied with original
marine research is the Marine Biological Association
of the United Kingdom. It is the most important of
these institutions, and aims at a national rather than
a local activity. The fine laboratory which dominates
the eastern end of Plymouth Hoe was erected at a
cost of £12,000, and opened in 1888. The object of
the Association is to ‘ promote researches leading to
the improvement of zoological and botanical science,
and to an increase of our knowledge as regards the
food, life-conditions, and habits of British food-fishes
and molluscs.” Although a high average of scientific
work has been displayed in the published ‘ Memoirs’
connected with the Plymouth laboratory, great atten-
tion has also been paid to matters of practical interest.
In a list of some 350 papers published, with the aid
or under the auspices of the Association, between
1886 and 1900, nearly one-half deal directly with
economic problems. From 1892 to 1895 the officers
of the Association carried on at Grimsby extensive
investigations into the destruction of immature fish ;
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and it is gratifying to find that the Select Committee
of 1893 extended its recognition to the ‘facts and
statistics ' submitted by the Scotch Fishery Board
and by the Association. In the summer of 1902z the
Association, at the request of the Government, under-
took to carry out the English portion of the Inter-
national Investigation of the North Sea. The scope
of this inquiry is immense; and its importance to the
largest fisheries available for our fishermen is incal-
culable. Some idea of the kind of work accomplished
has been furnished in the preceding pages.

What now seems to be most required, in addition to
the maintenance of the work already in progress, is a
closer co-operation of these various bodies with one
another and with the central authority now estab-
lished under the President of the Board of Agriculture
and Fisheries. The outlines of some such scheme
seem plainly indicated by the existing constitution of
these various bodies. The Fisheries Department is
responsible for administration, statistics, and general
advice to the President of the Board on fishery
matters. The Marine Biological Association under-
takes general marine investigations of a national as
distinct from a local character, as well as such local
investigations and experiments as can conveniently
be carried out at its laboratories. The Sea-fishery
Committees need additional powers to enable them
to carry out local scientific investigations more fully
in their respective areas. Perhaps an annual con-
ference between the representatives and experts of
these bodies and the officials of the Fishery Depart-
ment, for the express purpose of drawing up plans of
work for the ensuing year, would, in the first instance,
be the best means of leading up to more intimate
co-operation and organization.

The Reports on the North Sea Investigation so far
published deal only with the work of the earlier years
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of the investigations; but already the great prospec-
tive value of the results is fully apparent. The
Marine Biological Association has carried out the
portion of the general scheme entrusted to it with
energy and success; and Englishmen have no need
to fear comparison with the work done in other
countries.



ZEBRAS, HORSES, AND HYBRIDS

T his matchless horse
Is the true pearl of every caravan.
Sk F. H. DovLE.

THE views and writings of Darwin have influenced
in an unexpected way the nature of the work carried
on by biological investigators during the past fifty
years. To a great extent, whilst generally holding
the doctrines he held, they have forsaken his methods
of inquiry.

If animals and plants have arrived at their present
state by descent with modification from simpler forms,
it ought to be possible by careful searching to trace
the line of ancestry; and it is this fascinating but
frequently futile pursuit which has dominated the
minds of many of our ablest zoologists for the last
thirty years. To such an extent has this pedigree-
hunting been carried that there is scarcely a group of
invertebrates from which the vertebrates have not been
theoretically derived; and one of the ablest of our
physiologists has used his great powers in the attempt
to trace the origin of the backboned animals from a
spider-like creature, and has exercised his ingenuity
in a plausible but unconvincing effort to equate the
organs of a king-crab with those of a lamprey. This
appeal to comparative anatomy and the consequent
neglect of living animals and their habits are no doubt
partly due to the influence of Huxley, Darwin’s most
brilliant follower and exponent. He had the engineer’s
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way of looking at the world, and his influence was
paramount in many schools. The trend which biology
has taken since Darwin’s time is also partly due to a
fervent belief in the recapitulation theory, according
to which an animal in developing from the egg passes
through phases which resemble certain stages in the
past history of the ancestors of the animals. For
example, there is no doubt that both birds and
mammals are descended from some fish-like animal
that lived in the water and breathed by gills borne on
slits in the gullet, and every bird and mammal passes
through a stage in which these gill-slits are present,
though their function is lost, and they soon close up
and disappear. In the hope, which has been but
partially realized, that a knowledge of the stages
through which an animal passes on its path from the
ovum to the adult would throw light on the origin of
the race, the attention of zoologists has been largely
concentrated on details of embryology, and a mass of
facts has already been accumulated which threatens to
overwhelm the worker.

The two chief factors which play a part in the origin
of species are heredity and variation, and until we
know more about the laws which govern these factors,
we cannot hope to arrive at any satisfactory criteria
by which we can estimate the importance of the data
accumulated for us by comparative anatomists and
embryologists. Signs are not wanting that this view
is beginning to be appreciated. The publication of
¢ Materials for the Study of Variation’ by Mr. Bateson
some years ago shows that there exists a small but
active school of workers in this field; and recent
congresses on hybridization give evidence that in
America, on the Continent, and in Great Britain,
one of the most important sides of heredity is being
minutely and extensively explored. Professor Cossar
Ewart’s experiments, which we shall attempt to sum-
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marize, deal with heredity and cognate matters, and
although they are so far from complete that the
results hitherto obtained cannot be regarded as final,
they mark an important stage in the history of the
subject.
~ Twelve years ago Professor Ewart began to collect
materials for the study of the embryology of the horse,
about which, owing to the costliness of the necessary
investigations, very little is at present known. At
the same time he determined to inquire into certain
theories of heredity which have for centuries influ-
enced the breeders of horses and cattle, and the belief
in which has played a large part in the production of
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