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P R  EFACX:. 

AT tlie close of the Deep-sea Dredging Expeditions 
which had been undertaken by the Admiralty at the 
instance of the Council of the ltoyal Society during 
the years 1868, 1869, and 1850, it was thought right 
that those who had been entrusted with their scien- 
tific direction should, in addition to their official, 
reports, lay before the general public some account 
of their proceedings with the objects ;-first, of shorn- 
ing, if possible, that the value of the additions wliicli 
had been made to human knowledge justified the 
liberality of Government in acceding to the request 
of the Council of the Royal Society, and placing 
means at their disposal to carry out the desired 
researches; and, secondly, of giving such a popular 
outline of the remarkable results of our work as 
might stimulate general interest, and induce those 
who have the proclivities and the opportunity, to 
penetrate farther into the new and strange region 
on whose borders we have had the good fortune to 
have been among tlie first to encroach. 
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It was originally intended that the general account 
should have been a joint production, each of us con- 
tributing his part. There were difficulties, however, 
in the way of this arrangement. We were all fully 
occupied witli other matters, and the amount OP 
communication and correspondence between us, re- 
quired to carry out the plan of joint authorship, 
seemed likely t o  prove a cumbrous complication. 

It was therefore decided that quoad the popular 
exposition I should take upon myself the office of 
‘reporter,’ and thus it comes about that I am indi- 
vidually and solely responsible for the opinions and 
statements contairied in this book, save where they 
are included within quotation marks, or their sources 
otherwise acknowledged, 

Since . we began thkse deep-sea’ investigations, 
inquiries have come in from all quarters, both at 
home and abroad, as to the implements and methods 
which. we employ. To supply the desired informa- 
tion, I have described, in detail, the processes both 
of ’ sounding ‘and dredging; and I hope that the 
special chapters on these matters-the result of 
considerable experience- may be found usefirl to 
beginners. 

I pretend to  no special knowledge of physics, and 
I should have greatly preferred confining myself to 
the, domain of Biology, my own proper province; 
but certain physical questions raised during our late 
explorations have so great importance in relation to 
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the distribution of living beings, and have of late 
been brought into so great prominence .by Dr. Car- 
penter, that it has been impossible.for me t o  avoid 
giving my earnest consideration to their general 
bearings on Physical Geography, and forming decided 
opinions, which, I regret to say, do not altogether 
coincide with those of Dr. Carpenter. The chief 
points on which my friend and I ‘agree t o  differ’ 
are discussed in the chapter on the Gulf-stream. 

It was at  first my intention that appendices should 
be. added t o  the different chapters, containing lists 
and scientific descriptions of the animal forms which 
were observed. This it was found impossible to 
accomplish, chiefly on account of the large number 
of undescribed ipecies which kere placed in the hands 
of the expexts who undertook the examination of the 
several groups. I am not sure that, even if it had 
been possible to furnish them in time, such lists 
would have been altogether an appropriate addition 
t o  what is intended merely as a popular preliminary 
sketch. 

The metrical system of measurement, and the 
centigrade thermometer scale, have been adopted 
throughout the volume. The metrical system is pro- 
bably familiar to most of my readers. In  case the 
centigrade not ation, which comes in very frequehtly 
owing to the frequent discussion of questions of the 
distribution of temperature, should not be equally 
f:imiliar, a comparative scale, embodying those of 
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Fahrenheit, Celsius, and RBau- 
mur, is introduced for com- 
parison. 

My various sources of infor- 
mation, and tlie friendly as- 
sistance I have received on all 
hands during the progress of 
OUF work, are acknowledged, so 
far as possible, in the text. 
I need liere only renew my 
tlianlrs t o  Staff-Commander 
May and the officers of tho 
Lightning,’ and Captain Cal- 

ver and the officers of the 
‘ Porcupine,’ without whose 
hearty sympathy and eo-ope- 
ration our task could never 
have been satisfactorily accom- 
plished ; to my colleagues, Dr. 
Carpenter, P.IL.S., and Mr. 
Gwyn Jeffreys, P.R.S., who 
have cordially assisted me in 
every way in their power; and 
to  the natuidists into whose 
liands the animals of‘ various 
classes were placed for descrip- 
tion and study,-the Rev. A. 
31 erle Norman, Professor Kol- 
Iiker, Dr. Cartcr, X’.ll,S., Dr. 



and Dr. N'Intosh, for inforination courteously 
supplied. 

Tlie whole of tlic illustrations in the book-with 
tlie exception of tlie vignettes of P%roe scenery for 
wliicli i ani indebted to tlic accomplislied pencil of 
Nadarne Holten-are By iny friend Mr. J. J. Wild. 
I need scarcely thank him for the adiviirablc way in 
wliicli lie has accoinplisliecl his task, for evory figure 
was with him a labour of love, and 1 almost envy 
him tlic gratification lie must feel in the result. 
To Mr. J. D. Coopcr 1 owe my sincere thanks for  
the singularly faithful and artistic rendering of 
3113. M7ild's beautiful drawings on the wood-blocks. 

On the return of the 'Porcupine' from her last 
cruise, so Iiiuch interest was felt in the bearings of 
the new discoveries upon important biological geo- 
logical and physical prolilems, that a representation 
was made to Government by the Couiicil of' tlie 
Royal Society, urging the despatch of an expedition 
t o  traverse tlie great occan basins, and tskc an out- 
line survey of the vast new field of research-the 
1)ottoiii of the sea. 

lien-A diniral Hicliards, C.B., F. B.S., the Eydro- 
graplier t o  thc Xavy, warmly supported the pro- 
posal, and while I ani writing a noble ship is 
lying at Sheerness equipped for scientific research 
under his wisc and liberal directions, as no ship 
of any iintion was ever equippcd bcfore. 



xii PREFACE. 

The scientific staff of the Challenger’ are well 
aware that for some time to come their rdle is to 
work and not to talk; but now, on the eve of depar- 
ture, I think it is only right t o  take this opportunity 
of saying that nothing has been left undone by the 
Government to ensure the success of the undertaking, 
and that dire misfortune only ought to prevent our 
furnishing a valuable return. 

C. WYVILLE THOMSON. 
EDIHBURQII, 

December 2ndJ 3873. 
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THE DEPTHS OF THE SEA. 

C H A P T E R  I. 

INTRODUCTION. 

The Question of a Batbymetrical Limit to Life.-The general Laws 
which regulate the Geographical Dietribution of Living hinge.- 
Profasor Edward Forbes’ Investigations and Views-Specific 
Centres.-Representative Species.-Zoological Provinces.-Bear- 
ings of a Doctrine of Evolution upon the Idea of a ‘Species,’ 
and of the Laws of Distribution.-The C&wunstances most likely 
to affect Life at  great Depths : Pressure, Temperature, and Absence 
of Light. 

THE sea covers nearly three-fourths of the surface of 
the earth, and, until within the last few years, very 
little was known with anything like certainty about 
its depths, whether in their physical or thcir biological 
relations. The popular notion was, that after arriving 
at a certain depth the conditions became so peculiar, 
so entirely different from those of any portion of the 
earth to which we have access, as t o  preclude any 
other idea than that of a waste of utter darkness, sub- 
jected to such stupendous pressure as to make life of 
any kind impossible, and t o  throw insuperable diffi- 

B 



2 THE DEPl’HS OF YHE SEA, [CHAP. I. 

culties in the way of any attempt at  investigation. 
Even men of science seemed to share this idea, for 
they gave little heed t o  the apparently well-authenti- 
cated instances of animals, comparatively high in the 
scale of life, having been brought up on sounding 
lines from great depths, and welcomed any suggestion 
of the animals having got entangled when swimming 
on the surface, or of carelessness on the part of the 
observers. And this was strange, for every other 
question in l’liysical Geography had been investi- 
gated By scientific men with consummate patience 
and energy. Every gap in the noble little army of 
martyrs striving to extend the boundaries of know- 
ledge in the wilds of Australia, on the Zarnbesi, 
or towards the North or South Pole, was struggled 
for hy earnest volunteers, and still the great ocean 
slumbering beneath the moon covered a region 
apparently as inaccessible to man as the ‘mare 
serenitatis.’ 

A few yearsago thebottom of the sea mas required 
for the purpose of telegraphic communication, and 
practical men mapped out the bed of the North 
Atlantic, and devised ingenious methods of ascertain- 
ing the nature of the material covering the bottom. 
They laid a telegraphic cable across it, and the cable 
got broken and they went back to the spot and fished 
up the end of it easily, from a depth of nearly two 
miles. 

It had long been a question with naturalists whether 
it might not be possible t o  dredge the bottom of the 
sea in the ordinary way, and t o  send down water- 
bottles and registering instruments to settle finally 
the question of a ‘ zero of animal life,’ and to deter- 
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mine with precision the composition and temperature 
of sea-water at great depths. An investigation of this 
kind is beyond the ordinary limits of private enter- 
prise. It requires more power and sea skill than 
naturalists can usually command. '8 hen, however, 
in the year 1868, at the instance of my colleague 
Dr. Carpenter and myself, with the effective support 
of the present Hydrographer to  the Navy, who is 
deeply interested in the scientific aspects of his pro- 
fession, we had placed at our disposal by the Admi- 
ralty sufficient power and skill to  make the experiment, 
we found that we could work, not with so much ease, 
but with as much certainty, at a depth of GOO fathoms 
as at 100 ; and in 1869 we carried the operations down 
to 2,435 fathoms, 14,610 feet, nearly three statute 
miles, with perfect success. 

Dredging in such deep water was doubtless very 
trying. Each haul occupied seven or eight hours; 
and during the whole of that time it demanded and 
received the most anxious care on the part of our 
commander, who stood with liis hand on the pulse of 
the accumulator ready at any moment, by a turn of 
the paddles, to ease any undue strain. The men, 
stimulated and encouraged by the cordial interest 
taken by their officers in our operations, worked 
willingly and well; but the labour of taking upwards 
of three miles of rope coming up with a heavy strain, 
from the surging drum of the engine, was very severe. 
The rope itself, chawser-laid,' of the best Italian 
hemp, 29 inches in circumference, with a breaking 
strain of 2& tons, looked frayed out and worn, as if it 
could not have been trusted t o  stand this extraordinary 
ordeal much longer. 

R 2  
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Still the thing is possible, and it must be done 
again and again, as the years pass on, by naturalists of 
all nations, working with improving machinery, and 
with ever-increasing knowledge. For the bed of the 
deep sea, the 140,000,000 of square miles which we 
have now added to the legitimate field of Natural 
History research, is not a barren waste. It is inhabited 
by a fauna more rich and varied on account of the 
enormous extent of the area, and with the organisms 
in many cases apparently even ‘more elaborately and 
delicately formed, and more exquisitely beautiful in 
their soft shades of colouring and in the rainbow-tints 
of their wonderful phosphorescence, than the fauna 
of the well-known belt of shallow water teeming with 
innumerable invertebrate forms which fringes the 
land. And the forms of these hitherto unknown 
living beings, and their mode of life, and their rela- 
tions to other organisms whether living or extinct, 
and the phenomena and laws of their geographical 
distribution, must be worked out. 

The late Professor Xdward Forbes appears to  have 
been the first who undertook the systematic study of 
Marine Zoology with special reference t o  the distribu- 
tion of marine animals in space and in time. After 
making himself well acquainted with the fauna of 
the British seas to the depth of about 200 fathoms by 
dredging, and by enlisting the active co-operation of 
his friends-among whom we find MacAndrew, Barlee, 
Gwen Jeffreys, William Thompson, Robert Ball, and 
many others, entering enthusiastically into the new 
field of Natural History inquiry-in the year 1841 
Forbes joined Capt. Graves, who was at that time in 
command of the Mediterranean Survey, as naturalist. 



During about eighteen months he studied with the 
utmost care the conditions of the Egean and its 
shores, and conducted upwards of one hundred 
dredging Operations at depths varying from 1 to 130 
fathoms. I n  1843 he communicated to the Cork 
meeting of the British Association an elaborate report 
on the Mollusca and Radiata of the agean  Sea, and 
on their distribution considered as bearing on Geology.’ 
Three years later, in 1846, he published in the first 
volume of the ‘Memoirs of the Geological Survey of 
Great Britain,’ a most valuable memoir upon the 
Connection between the existing Fauna and Flora of 
the British Isles, and the geological Changes which 
have affected their Area, especially during the Epoch 
of the Northern Drift.2 In  the year 1859 appeared 
the Natural History of the European Seas by the late 
Professor Edward Forbes, edited and continued by 
Robert Godwin Austen.8 I n  the first hundred pages 
of this little book, Forbes gives a general outline of 
some of the more important of his views with regard 

Report on the Mollusca and Radiata of the & p a n  Sea, and on 
their Distribution, considored as bearing on Geology. By Edward 
Forbes, F.L.S., M.W.S., Professor of Botany in  king'^ College, London. 
(Report of the Thirteenth Meeting of tho British Association for the Ad- 
vancement of Science ; held at Cork in August 1843. London, 1844.) 

On the Connoction between the Didtribution of the existing Fauna 
and Flora of the British Idea and the geological Changea which have 
affected their Area, ospecially during the Epoch of the Northern Drift. 
By Edward Forbes, F.R.S., L.S., G.S., Professor of Botany at Kbg’e 
College, London; Palteontologist to the Geological Survey of the 
United Kingdom. (Memoirs of the Geological Survey of Great Britain, 
voL i. London, 1846.) 

The Natural History of the European S e q  by the late Professor 
Edward Forbes, F.R.S., &c. Edited and continued by Robert Godwin 
Auston, F.R,S. London, 1859. 
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to  the distribution of marine forms. The remainder 
of the book is n continuation by his friend Mr. Godwin 
Austen, for before it was finished an early death had 
cut short the career of the most accomplished and 
original naturalist of liis time. 

I will give a brief sketch of the general results to 
which Forbes was led by liis labours, and I shall 
have to point out hereafter, that although we are 
now inclined t o  look somewhat differently on certain 
very fundamental points, and although recent inves- 
tigations with better appliances and more extended 
experience have invalidated many of his conclusions, 
to Forbes is due the credit of having been the first to 
treat these questions in a broad philosophical sense, 
and to point out that the only means of acquiring a 
true knowledge of the rationale of the distribution of 
our present fauna, is t o  make ourselves acquainted 
with its history, to connect the present with the past. 
This is the direction which must be taken by future 
inquiry. Forbes, as a pioneer in this line of research, 
was scarcely in a position to appreciate the full value 
of his work. Every year adds enormously to  our 
stock of data, and every new fact indicates more 
clearly the brilliant results which are to be obtained 
by following his methods, and by emulating his 
enthusiasm and his indefatigable industry. 

Forbes believed implicitly, along with nearly all the 
leading naturalists of his time, in the immutability 
of species. He says (Natural History of the British 
Seas, p. S), " Every true species presents in its indi- 
viduals, certain features, specijic characters, which 
distinguish it from every other species; as if the 
Creator had set an exclusive mark or seal on each 
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type.” He likewise believed in specific centres of 
distribution. He  held that all the individuals com- 
posing a species had descended from a single pro- 
genitor, or from two, according as the sexes might be 
united or distinct, and that consequently the idea of a 
species involved the idea of the relationship in all the‘ 
individuals of common dcscent; and the converse, that 
there could by no possibility bc community of descent 
except in living beings which possessed the same 
specific characters. He supposed that the original 
individual or pair was created at a particular spot 
where the conditions were suitable for its existence 
and propagation, and that the species extended and 
migrated from that spot on all sides over an area of 
greater or less extent, until it met with some natural 
barrier in the shape of unsuitable conditions. No 
specific form could have more than a single centre of 
distribution. If its area appeared to be broken up, a 
patch not in connection with the original centre of 
distribution occurring in some distant locality, it was 
accounted for by the formation, through some geolo- 
gical change after the first spread of the species, of a 
barrier which cut off a part of its area; or to some 
accidental transport to a place where the conditions 
were sufficiently similar to those of its natural original 
habitat to enable it to become naturalized. No species 
once exterminated was ever recreated, so that in those 
few cases in which we find a species abundant a t  one 
period over an area, absent over the same area for a 
time, and recurring at a later period, it must be ac- 
counted for by a change in the conditions of the area 
which forced the emigration of the species, and a sub- 
sequent further change which permitted its return. 
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Forbes defined and advocated what he called the 
law of representation. He found that in all parts 
of the w-orld, however far removed, and however 
completely separated by natural barriers, where the 
conditions of life are similar, species and groups 
+of species occur which, although not identical, 
resemble one another very closely; and he found 
that tliis similarity existed likewise between groups 
of fossil remains, and between groups of fossils 
and groups of recent forms.'.. Acllvitting the con- 
st ancy of specific characters, these resemblances 
could not be accounted for by community of de- 
scent, and he thus arrived at the generalization, 
that in localities placed under similar circumstnnces, 
similar though specifically distinct specific forms 
were created. These he regarded as mutually repre- 
sentative species. 

Our acceptance of the doctrines of specific centres 
and of representation, or, at all events, the form in 
which we may be inclined to accept these, depends 
greatly upon the acceptance or rejection of the funda- 
mental dogma of the immutability of species; and 
on this point there has been a very great change of 
opinion within the last ten or twelve years, a change 
certainly due to  the remarkable ability and candour 
with which the question has been discussed by Mr. 
Darwin' and Mr. and t o  the genius of Pro- 

' The Origin of Speciea by means of Natural Selection; or, the 
By Charles 

London, 1859, and subse- 

A Series of 

Preservation of Favoured Races in the Struggle for Life. 
Darwin, M.A., F.R.S., L.S., G.S., &c. &c. 
quent editions. 

ESSBYS by Alfred Russel Wallace. London, 1870. 
2 Contributions to the Theory of Natural Selection. 
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fessor Ernst Haecke1,l Dr. Fritz Muller,2 and others of 
their enthusiastic disciples and commentators. I do 
not think that I am speaking too strongly when I say 
that there is now scarcely a single competent general 
naturalist who is not prepared to accept some form 
of the doctrine of evolution. 

There is, no doubt, very great difficulty in the 
minds of many of us in conceiving that, comment- 
ing from the simplest living being, the present state 
of things in the organic world has been produced 
solely by the combined action of ‘atavism,’ the ten- 
dency of offspring to resemble their parents closely ; 
and ‘variation,’ the tendency of offspring to differ 
individually from their parents within very narrow 
limits : and many are inclined t o  believe that some 
other law than the ‘survival of the fittest’ must 
regulate the existing marvellous system of extreme 
and yet harmonious modification. Still it must be 
admitted that variation is a vera ca’usa, capable, 
within a limited period, under favourable circum- 
stances, of converting one species into what, accord- 
ing t o  our present ideas, we should be forced to 
recognize as a different species. And such being the 
case, it is, perhaps, conceivable that during the lapse 
of a period of time-still infinitely shorter than 
eternity-variation may have produced the entire 
result. 

1 Generelle Morphologic der Organismen. Allgemeine Grundziiga 
der organischen Formen- Wissenschaft mechanisch begriindet durch 
die von Charles Darwin reformirte Descendenz-Theorie. Von Ernst 
Haeckel. Berlin, 1866.--Naturliche Sch6pfungsgeschicht. Von Dr. 
Ernst Hacckel, Professor an der Universitat Jenn. 

2 Fur Darwin. Von Dr. Fritz Muller. Leipzig, 1864. Translated 
from the German by W. S. Dallas, F.L.S. 

Berlin, 1870. 

London, 1869. 
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The individuals comprising a species have a definite 
range of variation strictly limited by the circum- 
stances under which the group of individuals is 
placed. Except in man, and in domesticated animals 
in which it is artificially increased, this individual 
variation is usually so slight as t o  be unapprecisble 
except t o  a practised eye ; but any extreme variation 
which passes the natural limit in any direction 
clashes in some way with surrounding' circum- 
stances, and is dangerous to  'the life of the indivi- 
dual. The normal or grapliic line, or 'line of 
safety,' of the species, lies midway between the 
extremes of variation. 

If at any period in the history of a species the 
conditions of life of a group of individuals of the 
species be gradually altered, with the gradual change 
of circumstances the limit of variation is contracted 
in one direction and relaxed in another; it becomes 
more dangerous to diverge towards one side and 
more desirable to diverge towards the other, and the 
position of the lines limiting variation is altered. 
The normal line, the line along which the specific 
characters are most strongly marked, is consequently 
slightly deflected, some characters being more strongly 
expressed at the expense of others. This deflection, car- 
ried on for ages in tlie same direction, must eventually 
carry the divergence of the varying race far beyond 
any limit within which we are in the habit of 
admitting identity of species. 

It is diffi- 
cult t o  form any idea of ten, fifty, or a hundred mil- 
lions of years ; or of the relation which such periods 
bear to changes taking place in the organic world. 

But the process must be infinitely slow. 
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- We must remember, however, that the rocks of 
the Silurian system, overlaid by ten miles’ thickness 
of sediment entombing a hundred successive fauna?, 
each as rich and varied as the fauna of the present 
day, themselves teem with fossils fully representing 
all the existing classes of animals, except perhaps 
the highest. 

If  it be possible to  imagine that this marvellous 
manifest ation of Eternal Power and Wisdom involved 
in living nature can have been worked out through 
the law of ‘descent with modification’ alone, we 
shall certainly require from the Physicists the longest 
row of cyphers which they can afford. 

Now, although the admission of a doctrine of evolu- 
tion must affect greatly our conception of the origin 
and rationale of so-called specific centres, it does not 
practically affect the question of their existence, or of 
the laws regulating the distribution of species from 
their centres by migration, by transport, by ocean 
currents, by elevations or depressions of the land, or 
by any other causes at work under existing circum- 
Rtancee. So far as practical naturalists are con- 
cerned, species are permanent within their narrow 
limits of variation, and it would introduce an element 
of infinite confusion and error if we were to regard 
them in any other light. The origin of species by 
descent with modification is as yet only a hypothesis. 
During the whole period of recorded human observa- 
tion not one single instance of the change of one 
species into another has been detected ; and, singular 
t o  say, in successive geological formations, although 
new species are constantly appearing and there is 
abundant evidence of progressive change, no single case 

? 
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has yet been observed of one species passing through 
a series of inappreciable modifications into another. 
Every species appears to have an area of maximum 
development, and this has been called the metropolis 
of the species; and practically me must employ the 
same methods in investigating the laws of its distri- 
bution as if we still regarded it as having been 
specially created in its metropolis. 

It is the same in dealing with the lav  of represen- 
tation. Accepting an evolution doctrine, we should 
certainly regard closely allied or representative ’ 
species as having descended comparatively recently 
from a common ancestry, and as having diverged 
from one another under somewhat different conditions 
of life. It is possible that as our knowledge increases 
we may be able to trace the pedigree of our modern 
species, and some attempts have already been made 
to sketch out the main branches of the universal 
genealogical tree ; but practically we must continue 
t o  accord a specific rank to forms which exhibit 
characters to which we have been in the habit of 
assigning specific value. 

ccEvery species has three maxima of develop- 
ment,-in depth, in geographic space, in time. In 
depth, we find a species at first represented by few 
individuals, which become more and more numerous 
until they reach a certain point, after which they 
again gradually diminish, and at  length altogether 
disappear. So also in the geographic and geologic 
distribution of animals. Sometimes the genus to 
which the species belongs ceases with its disappear- 
ance, but not unfrequently a succession of similar 

1 Ernet Hasckel, op. cit. 
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species are kept up, representative as it were of each 
other. When there is such a representation, the 
minimum of one species usually commences before 
that of which it is representative has attained its 
correspondent minimum. Forms of representative 
species are similar, often only to  be distinguished by 
critical examination.” 

As an illustration of what is meant by the law of 
representation,’ I may cite a very curious case men- 

tioned by Mr. Verril and Mr. Alexander Agassiz. On 
either side of the Isthmus of Panama the Echinoderm 
order Eeltinidea, the sea-urchins, are abundant ; but 
the species found on the two sides of the Isthmus 
are distinct, although they belong almost universally 
to the same genera, and in most cases each genus is 
represented by species on each side which resemble 
one another 80 closely in habit and appearance as to 
be at first sight hardly distinguishable. I arrange 
a few of the most marked of these from the Carib- 
bean and Panamic sides of the Isthmus in parallel 
columns. 

EASTERN FAUNA. 

Cidaris annulatn, GRAY. 
Diadem antillamm, PRIL. 
Echinocidaris punctulata, DESML. 
Xchinmtra  micldini, DES. 

3 ,  viridis, A. Aa. 
&techinus variegatw, A. AQ. 

Tripnemtea ventricosus, Ao. 
Xtolonoclypus ravenellii, A. AG. 
Mellita testudinata, K t. 

WESTERN FAUNA. 
Cidaris thotrarsii, VAL. 
Diadem mexicanurn, A. AQ. 
EclLinocidaris stellata, BO. 
Ecilinometra van brunti, A. BO. 

L Y ~ . ~ L ~ P L U S  semituberculatua, 

Zhpneustea depressus, A. Aa. 
Stohnoclypua rotundus, A. Aa. 
Mellita lmgi,fissa, MIOH. 

,, rupicola, A. Aa. 

A. AQ. 

~ ~- 

1 Edward Forbes, Roport on Agean Invertebrata, op. cit. p. 173. 
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EASTERN FALXA. 
Jlellita hxapora, A. AQ. 
Encope michelini, AQ. 

,, ernarginata, Aa. 
~hyncholamnpaa caribbcenrum, 

BriSsus coluinbaris, AQ. 
Meonta ventricosa, LUTE. 
Plagionotus pectoralis, AQ. 
Agassizia excentrica, A. AQ. 
Mera atropos, MKH. 

A. AQ. 

WESTERN FAUNA. 
ilfellitu pac~@a, VEIL 
Bncope gramlis, AQ. 

,, mieropora, Aa. 
Rhynclwlampas pnc@cus, A. Aa. 

B r h s u s  obesus, V E R .  

Aleoma grandis, GRAY. 
Plagionotus nobilis, A. AQ. 
Agassizia scrobicdata, VAL. 
lllczra clotho, Mica. 

Supposing species t o  be constant, this singular 
chain of resemblances would indicate simply the 
special creation on the two sides of the Isthmus of 
two groups of species closely resembling one another, 
because the circumstances under which they were 
placed were so very similar ; but admitting descent 
with modification,’ while gladly availing ourselves 
of the convenient term ‘representation,’ we at  once 
come to  the conclusion that these nearly allied re- 
presentative species’ must have descended from a com- 
mon stock, and we look for the cause of their diver- 
gence. Now on examining the Isthmus of Panama we 
find that a portion of it consists of cretaceous beds 
containing fossils undistinguishable from fossils from 
the cretaceous beds of Europe; the Isthmus must 
therefore have been raised into dry land in tertiary or 
post-tertiary times. It is difficult t o  doubt that the 
rising .of this natural barrier isolated two portions 
of‘ a shallow-water fauna which have since slightly 
diverged under slightly different conditions. I quote 
Alexander Agassiz :-‘< The question naturally arises, 
have me not in the different Faunae on both sides of 
the Isthmus a standard by which to  measure the 
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changes which these species have undergone since the 
raising of the Isthmus of Panama and the isolation 
of the two FaunZc?”’ 

Edward Forbes distinguished round all seaboards 
four very marked zones of depth, each characterized 
by a distinct group of organisms. !”e first of these 
is the littoral zone, the space between tide-marks, 
distinguished by the abundance of sea-weeds, on 
the Xuropean shores of the genera Lichina, Pucas, 
&teromo?yha, Poly&phofizia, and Xawencia, which 
severally predominate at different heights in the 
zone, and subdivide it into subordinate belts like 
a softly-coloured riband border. This band is under 
very special circumstances, for its inhabitants are 
periodically exposed to the air, to the direct rays 
of the sun, and to all the extremes of tho climate 
of the land. Animal species are not very numerous 
in the littoral zone, but individuals are abundant. 
The distribution of many of the littoral species is 
very wide, and some of them are nearly cosmopolitan. 
Many are vegetable feeders. Some characteristic 
genera on the coast of Europe are Qamnaarzcs, 
Tulitrus, and Balanzcs among Crustacea, and Lit- 
torina, Patelln, Pwrpwa, and Mytilzcs among Mol- 
lusca, with, under stones and in rock-pools, many 
stragglers from the next zone. 

The Laminarian zone extends from low-water mark 
to a depth of about fifteen fathoms. This is specially 

Preliminary Roport on the Echini and Starfishes dredged in Deep 
Water between Cuba and the Florida Eeef, by L. F. de Pourtales, 
Assistant U.S. Coast Survey ; prcparod by Alexander Agassiz. 
Communicated by Professoy 13. Puirce, Superintondent US. Coast 
Survoy, to the Bulletin of tho Museum of Comparative Zoology, 
Cambridge, ;Mass., 1869. 
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the zone of tangles ' for the first few fathoms, and 
in deeper water of the beautiful scarlet sea-weeds 
(JEoridece). It is always under water except at  the 
very lowest ebb of spring tides, when we get a 
glimpse of its upper border. The laminarian zone 
produces abundance of vegetable food, and, like the 
littoral zone, may be divided into subordinate bands 
distinguished by differently tinted alga?. Animals 
gwarm in this zone, both as to species and indi- 
viduals, and are usually remarkable for the bright- 
ness of their colouring. The molluscan genera 
F ~ o c ~ ' u s ,  Lacurza, and Zottia are characteristic of this 
belt in the British seas. 

The Laminarian zone is succeeded by the Coralline 
zone, which extends t o  a depth of about fifty fathoms. 
In this belt vegetation is chiefly represented by coral- 
like millipores, and plant-like hydroid zoophytes and 
bryozoa abound. All of the higher orders of marine 
invertebrates are fully represented, principally by 
animal feeders. The larger crustaceans and echino- 
derms are abundant; and the great fishing-banks 
frequented by the cod, haddock, halibut, turbot, and 
sole, belong properly t o  this zone, although they 
sometimes extend into water more than Bty fathoms 
deep. Characteristic molluscan genera are Bzcccinwm, 
Fzc6zts, Ostrea, and Pecteiz; and among echinoderms 
in the European seas we find Aztedolz sarsii and 
celticzts, Asteracalzthiorz glaciale and rabem, Ophio- 
thrix frasil;8, and on sand, Uphioglypha lacertma 
and albida. 

The last belt defined by Forbes aa extending from 
about fifty fathoms to an unknown lower limit is the 
zone of deep-sea corals. '' In its depths the number 
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of peculiar creatures are few, yet sufficient to give B 

marked character to it, whilst the other portions of its 
population are derived from the higher zones, and 
must Be ~egarded as colonists. As we descend deeper 
and deeper in this regiqn, its inhabitants become more 
and more modified, and fewer and fewer, indicating 
our approach towards an abyss where life is either 
extinguished, or exhibits but a few sparks to mark 
its lingering presence.’” 

Forbes pointed out that the groups of animals having 
their maximum development in these several zones 
are thoroughly characteristic, and that groups of 
representative forms occupy the same zones all over 
the world, so that on examining an assemblage of 
marine auinials froni any locality, it is easy to tell 
from what zone of depth they have been procured. 
At all periods of the earth’s history, there has been 
the same clear definition of zones of depth, and fossil 
animals froin auy particular zone are in some sense 
representative of the fauna of the corresponding zone 
at tlie present day. We can, therefore, usually tell 
with tolerable certainty to which zono of depth a par- 
ticular assemblage of fossils is to be referred. 

Although we must now greatly modify our views 
with regard to tlie extent and fauna of the zone of 
deep-sea corals, and give up all idea of a zero of 
animal life, still we must regard Borbes’ investiga- 
tion into the bathymetrical distribution of animals 
as marking a great advance on previous knowledgc. 
IIis experience was much wider than that of any 
other naturalist of his time ; the practical difficulties 
in the way of testing his conclusions were great, and 

l Edward Forbcs, Natural History of the European Sew, p. 26, 
C 
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they were accepted by naturalists generally without 
quest ion. 

The history of discovery bearing upon the extent and 
distribution of the deep-sea fauna will be discussed in 
a future chapter. It will suffice at present to mention 
in order the few data which gradually prepared the 
minds of naturalists to distrust the hypothesis of a 
zero of animal life at  a limited depth, and led to the 
recent special investigations. In  the year 1819 Sir 
John Ross published the official account of his voyage 
of discovery during the year 1818 in B a f i ’ s  Bay.’ 
At page 178 he says, (‘In the meantime I was em- 
ployed on board in sounding and in trying the cur- 
rent, and the temperature of the water. It being 
perfectly calm and smooth, I had an excellent oppor- 
tunity of detecting these important objects. Sound- 
ings were obtained correctly in 1,000 fathoms, 
consisting of soft mud, in which there were worms, 
and, entangled on the sounding line, at  tho  depth 
of 800 fathoms, was found a beautiful Capzct Medusa? 
(Fig. 1). These were carefully preserved, and will be 
found described in the appendix.” This was in lat. 
73” 37‘ N., long. 77” 26’ W., on the 1st of September, 
1818, and it is, so far as I am aware, the first recorded 
instance of living animals having been brought 
up from any depth approaching 1,000 fathoms. 
General Sir Edward Sabine, who was a member of 
S i r  John Ross’s expedition, has kindly furnished Dr. 

A Voyage of Discovery made under the Orders of the Admiralty 
in  His Mnjeety’s ships ‘Isabella’ and ‘Alexander,’ for the purpose 
of exploring Baffin’s Bay, and inquiring into the Possibility of a 
North-west Pnasage. By John Ross, K.G., Captain Royal Navy. 
London, 18 19. 



CHAP. I.] INTROD UCTIOAT. 1 9 

Carpenter with some more ample particulars of this 

occurrence : l-cc The ship souiided in 1,000 fathoms, 
mud, between o m  and two iiiilcs off shore (ht. 

Preliminary Report, by Dr. Tl’illintn n. Carpenter, V.P.R.S., of 
Dredging Operations in the Seas to the North of tho British Islands, 
carried on in Her Jl‘ajcsty’s stcam-rcssel ‘ Lightning,’ ‘ by Dr. 
Carpenter and 111,. Wyvillo Thomson. (Proccediiigs of 61ic Royal 
Socicty, 180P, p. 177.) 

c 3  
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73" 37' N., long. 77" 26' W.) ; a magnificent Asterias 
(Caput Midma?) was entangled by the line, and 
brought up with very little damage. The mud was 
soft and greenish, and contained specimens of Xunz- 
bricus tubicola.' So far my written journal; but I 
can add, from a very distinct recollection, that the 
heavy deep-sea weight had sunk, drawing the line 
with it, several feet into the soft grcenish mud, 
which still adhered to the line when brought to 
the surface of the 11-ater. The star-fish had been 
entangled in the line so little above the mud that 
fragments of its arms, which had been broken off in 
the ascent of the line, were picked up from amongst 
the mud." 

Sir James Clark Ross, R.N., dredging in 270 
fathoms, lat. 73" 3' S., long. 176" 6' E., reports:' 
'' Cordlines, Pdzcstrce, and a variety of invertebrate 
animals, came up in the net, showing an abundance 
and great variety of animal life. Amongst these I 
detected two species of Pycnogonum ; Idotea ba,ini, 
hitherto considered peculiar to the Arctic seas; a 
Chiton, seven or eight bivalves and univalves, an un- 
known species of Gnntnturt.zcs, and two kinds of Serpula 
adhering to the pebbles and shells . . . It mas interest- 
ing amongst these creatures to recognize several that 
I had been in the habit of taking in equally high 
northern latitudes ; and although, contrary to the 
general belief of naturalists, I have no doubt that, 
from however great a dcptli we may be enabled to 
bring up the mud and stones of the bed of the ocean, 

l A Voyage of Discorory and Research in the Soiithcrn alld 
Antarctic Regions during the Years 1839-43. By Captain Sir 
James Clark R o s ~ ,  R.N. Idondon, 1847. 
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we shall find them teeming with animal life ; the ex- 
treme pressure at the greatest depth does not appear 
t o  affect these creatures; hitherto we have not been 
able t o  determine this point beyond a thousand 
fathoms, but from that depth several shell-fish have 
been brought up with the mud.” 

On the 28th of June 1845, Mr. Henry Goodsir, 
who was a member of Sir John Franklin’s ill-fated 
expedition, obtained in Davis’ Strait from a depth of 
300 fathoms, ‘‘ a capital haul,-mollusca, crustacea, 
asterida, spatangi, corallines, $c.” Tbe bottom was 
composed of fine green mud like t,liat mentioned by 
Sir Edward Sabine. 

About the year 1854 Passed-midshipman Brooke, 
U. S. N., invented his ingenious sounding instrument 
for bringing up samples from the bottom. It only 
brought up a small quantity in a, quill. These trophies 
from any depth over 1,000 fathoms were eagerly sought 
for by naturalists and fiubmitted to searching micro- 
scopic examination ; and the result was very surpris- 
ing. All over the Atlantic basin the sediment brought 
up vas nearly uniform in character, and consisted 
almost entirely of the calcareous shells, whole or in 
fragments, of one species of foraminifer, Globigevina 
BzcZZoitIes (Fig. 2). Mixed with these were the shells 
of some other foraminifera, and particularly a littlo 
perforated sphere, O h d i n a  miversa (Fig. 3), which 
in some localities entirely replaces GZobip*ina, ; 
with a few shields of diatoms, and spines and 
trellised skeletons of Itadiolaria. Some soundings 
from the Pacific were of the same character, so 

1 Xatural History of tho British Seas. By Professor Edward 
P. 61. Forbee and R. Godwin-Austcn. 
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that it seemed probable that this gradual deposition 
of a fine uniform organic sediment. was almost 
universal. 

Then the question arose whether the animals which 
secreted these shells lived at the bottom, or whether 
they floated in myriads on the surface and in the 
upper zones of the sea, their empty shells falling 
after death through the water in an incessant shower. 
Specimens of the soundings were sent to the eminent 

microscopists Professor Ehrenberg of Berlin and the 
late Professor Baily of West Point. On the moot 
question these two naturalists gave opposite opinions. 
Ehrenberg contended that tlic weight of evidence 
was in favour of their having lived at the bottom, 
while Baily thought it was not probable that the 
aninials live at the depths where the slzclls are 
found, but that they inhabit the water near tlic 
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surface, and when they’die their sliells settle to  the 
bottom.’ 

The next high authority who expressed an opinion 
was Professor Huxley, and he was very gumded. Tlie 
samples procured by Capt. Dayman in the ‘Cyclops,’ 

lq’ict, : ~ - O r ? ~ i i l i i i ~ f  iiii iiww, I)’Onriioxv. Iligllly niiigililiecl. 

in 1857, were submitted to him for examination, and 
in his report to  the Admiralty2 in 1858 lie says :- 

Explanations and Sailing Directions to accompany the Wind and 
Currents Charts. By M: F. Maury, LL.D., Lient. U.S.N., Super- 
intendent of the National Observatory. Gth Edition. Philadelphia, 
1864. P. 299. 

a Appendix A to Deep Sea Soundings in  the North Atlantic Ocean 
between Ireland and Newfoundland, made in H.3I.S. ‘ Cyclops,’ 
Lieut.-Commander Joseph Dayman, in  June and July 185’7. Pub- 
lished by order of the Lords Commissioners of the Admiralty. 
h n d o n ,  1868. 
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‘‘ How can animal life be conceived to exist under 
such condit,ions of light, temperature, pressure, and 
ai-iration as must obtain at these vast depths ? To this 
one can only reply that we know for a certainty that 
even very highly-organized animals do contrive to live 
at  a depth of‘ 300 or 400 fathoms, inasmuch as they 
have been Crought up thence, and that the difference 
in the amount of light and heat at 400 and at  2,000 
fathoms is probably, so to speak, very far less than 
the difference in complexity of drganization between 
these animals and the humble Protozoa and Proto- 
phyta of the deep-sea soundings. I confess, though, 
as yet, far from regarding i t ,  proved that the GZo- 
bigerinu? live at these depths, the balance of proba- 
bilities seems to ine to  incline in that direction.” 

In  1860 Dr. Wallich accompanied Captain Sir 
Leopold McClintock in H.M.S. ‘ Bulldog ’ on her 
sounding expedition t o  Iceland, Greenland, and New- 
foundland, as naturalist. During the cruise soundings 
were taken, and specimens of the bottom were brought 
up from depths from 600 to  2,000 fathoms ; many of 
these were the now well-known grey ‘Globigerina ooze,’ 
while others were volcanic detritus from Iceland, and 
clay and gravel the product of the disintegration of the 
metamorphic rocks of Greenland and Labrador. On 
the return voyage, about midway between Cape Fare- 
well and Eockall, thirteen star-fishes came up from a 
sounding of 1,260 fathoms, “ convulsively embracing 
a portion of the sounding-line which had been payed 
out in excess of the already ascertained depth, and 
rested for a sufficient period at the bottom t o  permit 
of their attaching themselves to it.” On his return 
Dr. Wallich publishecl in 1862, an extremely valuable 
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work which will be frequently referred t o  hereafter, 
upon ‘ The Atlantic Sea-bed.’ He warmly advocated 
the view that the conditions of the bottom of the sea 
were not such as to preclude the possibility of the 
existence of even the higher forms of animal life, and 
discussed fully and vi th  great ability the arguments 
which had been advanced on the other side. The first 
part only of Dr. Wallich’s book appeared, in a some- 
what costly and cumbrous form, and it scarcely came 
into the hands of working naturalists, or received the 
attention which it deserved. At the time, however, it 
was merely an expression of individual opinion, for 
no new facts had been elicited. Star-fishes had come 
up on several previous occasions adhering to  sounding- 
lines, but the absolute proof was still wanting that 
they had lived upon the ground at the depth of the 
sounding. Dr. Wallich referred the star-fishes procured 
t o  a well-known littoral species, and complicated their 
history somewhat irrelevantly with the disappearance 
of the ‘Land of Buss.’ Fortunately the artistic if 
not very satisfactory figure which he gives of a star- 
fish clinging to the line does not bear out his deter- 
mination either in appearance or attitude, but suggests 
one or other of two species which we now know to 
be excessively abundant in deep water in the North 
Atlantic, OpI~iopholis aculeata, 0. F. MULLER, or 
Ophiacantha spinulosa, MULLER and TROSCHEL. 

. 

The North Atlantic Sea-bod : comprising a Diary of the Voyage 
on board 1I.M.S. ‘Ihlldog,’ in 1860; and Obsorvations on the 
preaence of Animnl Life, and the Formation and Kature of Organic 
Doposits at great Depths in the Ocean. By G. C. Wallich, M.D., 
F.L.S., F.G.S., &c. Published with the sanction of the Lords Com- 
missioners of the Admiralty. London, 1863. 
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Dr. Wallich's is the only book which discusses fully 
and systematically the various questions bearing 
upon the biological relations of the sea-bed, and his 
conclusions are in the main correct. 

In the autumn of the year 1860 Mr. Fleeming 
Jenkin, C.E., now Professor of Engineering in the 
University of Edinburgh, was employed by the 
Mediterranean Telegraph Company to repair their 
cable between Sardinia and Bona on the coast of 
Africa, and on January 15,1861, he gave an interest- 
ing account of his proceedings at  a meeting of the 
Institution of Civil Engineers.' 

I n  1868 it 
became necessary to repair it, and a length of about 
30 miles was picked up and successfully replaced. 
In  the summer of 1860 the cable completely failed. 
On taking it up in comparatively shallow water on 
the African shore, the cable was found covered with 
marine animals, greatly corroded, and injured appa- 
rently by the trawling operations in an extensive 
coral fishery through which it unfortunately passed. 
It was broken through in 70 fathoms water ti few 
miles from Bona. The se*end was however recovered, 
and it was found that the cable which thence traversed 
a wide valley nearly 2,000 fathoms in maximum 
depth, was perfect t o  within about 40 miles of Sar- 
dinia. It was then picked up from the Sardinian end, 
and the first 39 miles were as sound as when it was 
first laid down. At  this distance from the shore there 
was a change in the nature of the bottom, evidenced 
by the different colour of the mud, and the wires were 

with Abetrncta of the Diecusions. 

This cable was laid in the year 1857. 

Minutes of Proceedmp of the Institution of Civil Engineers, 
Vol. xx. p. 81. London, 1861. 
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much corroded. Shortly afterwards the cable gave 
way in a depth of 1,200 fathoms, at a distance of one 
mile from the spot where the electrical tests showed 
that the cable liad been previously broken. 

With these 40 miles of cable much coral and many 
marine aniivals were brought up, but it did not appear 
that their presence had injured the cable, for they 
were attached to the sound as well as to the corroded 
portions. On his return, Mr. Fleeming Jenkin sent 
specimens of the animals wliicli lie had liimself taken 
from the cablc, noting the respective depths, to Pro- 
fessor Allman, F.13 .S. for determination. Dr. Allman 
gives a list of fifteen animal forms, including the ova 
of a ceplialopod, found at  dcpths of from 70 to 1,200 

fathoms. On other portions of the cable species of 
Graiztia, Plwnzclaria, Gorgo?tia, Ca?yoph,yllia, Alcy- 
oniu/11z, Cellepova, Zetepora, Bschara, Salicormavia, 
Ascidia, Lima, and Xerpula. I observe from Professor 
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Fleeming Jenkin's private journal, which he has 
kindly placed in my liands for reference, that an 
example of Caryophyllia, a true coral (Fig. 4), was 
found naturally attached to the cable at the point 
where it gave way; that is to say, at the bottom in 
1,200 fathoms water. 

Some portions of this cable subsequently came into 
the custody of M. Mangon, Professor at the Ecole 
des Ponts et Chausshes in Yaris, and mere esamincd 
by M. Alphonse Milne-Edwa'rds, who read a paper 
upon the organisms attached t o  them, at the Academy 
of Sciences, on the 15th of July, 1861.' After some 
introductory remarks which show that he is thoroughly 
aware of the value of this observation as a final 
solution of the vexed question of the existence of 
animal life at depths in the sea greatly beyond the 
supposed ' zero ' of Edward Forbes, M. Milne- 
Edwards gives a list of the animals which he found on 
the cable from the depth of 1,100 fathoms. The list 
includes HUTCX lanzellosus, CRISTOFORI and JAN, and 
Craspedotus limbatus, PRILIPPI, two univalve shells 
allied to the whelk; Osti*ea cochlear, POLI, a small 
oyster coinmon below 40 fathoms throughout the 
Mediterranean ; Pecten testa?, BIVONA, a rare little 
clam ; Ccc?*pphyllia borealis, FLEMING, or a nearly 
allied species, one of the true corals ; and an unde- 
scribed coral referred t o  a new genus and species 
under the name of T'halassiot~*oclrus telegraphicus, 
A. MILNE-EDWARDS. 

Observations sur 1'Existence do divers Molluvques e t  Zoophytes B 
de trks grandes profondeurs dam la Mor Mdditerrande : Annales des 
Scionces Naturelles ; quatribmo s6rie-Zoologio. Tome xv. p. 140. 
Paris, 1861. 
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It is right, however, to state that Prof. Fleeming 
Jerkin’s notes refer to only one or two species, and 
especially to Caqophy Llia borealis, as attached to  the 
cable at a depth of upwards of 1,000 hthoms. From 
this depth he took examples of Caiyophy Llia with his 
own hands, but he suspects that specimens from the 
shallower water may have got mixed with those from 
the deeper in the series in the possession of 31. 
Mangon, and that therefore M. Milne-Edwards’ list is 
not entirely trustworthy. 

Up till this time all observations mith reference to 
the existence of living animals at extreme depths had 
been liable to error, or at all events to doubt., froin 
two sources. The appliances and methods of deep- 
sea sounding were imperfect, and tliere was always 
a possibility, from the action of deep currents upon 
the sounding line or from other causes, of a greater 
depth being indicated than really existed ; and again, 
although there was a strong probability, there was 
no absolute certainty that the animals adhering to 
the line or entangled on the sounding instrument 
had actually come up from the bottom. They might 
have been caught on the way. 

Before laying a submarine telegraphic cable its 
course is carefully surveyed, and no margin of doubt 
is left as to the real depth. Fishing the cable up is a 
delicate and difficult operation, and during its progresa 
the depth is checked again and again. The cable lies 
on the ground throughout its whole length. The 
animal forms upon which our conclusions are based 
are not sticking loosely to the cable, under circum- 
stances which might be accounted for by their having 
been entangled upon it during its passage through the 
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water, but they are moulded upon its outer surface or 
cemented to it by calcareous or horny excretions, and 
some of them, such as the corals and bryozoa, from 
what we know of their history and mode of life, must 
have become attached to it as minute germs, and have 
grown to maturity in the position in which they w e r ~  
found. -I must therefore regard this observation of 
Mr. Fleeming Jenkin as having afforded the first 
absolute proof of. the existence of highly-organized 
animals living at depths of mpwards of 1,000 fathoms. 
. During the several cruises of H.M. ships 'Light- 
ning ' and < Porcupine ' in the years 1868, 1869, and 
1870,' fif'ty-seven'hauls of the dredge were taken in 
the Atlantic at depths beyond 600 fathoms, and sixteen 
at depthsbeyond 1,000 fathoms, and in all cases life was 
abundant. In  1869 we took two casts in depths greater 
than 2,000 fathoms. In both of these life was abun- 
dant; and with the deepest cast, 2,435 fathoms, off 
the mouth of the Bay of Biscay, we took living, well- 
marked and characteristic examples of all of the five 
invertebrate sub-kingdoms. And thus the question of 

Preliminary Report, by Dr. William Carpenter, V.P.R S., of 
Dredging Operations in  tho Seas to the north of the British Islands, 
carried on in Her Majesty's steam-vessel ' Lightning' by Dr. Carpenter 
and Dr. Wyville Thomson, Professor of Natural History in Qneen'e 
Colloge, Belfast. (Proceedings of the Royal Society of London, 1868.) 

Preliminary Report of the Scientific Exploration of the Deep Sea 
in  H.M. surveyingvessel ' Porcupino,' during the Summer of 1869. 
Conducted by Dr. Carpenter, V.P.R.S., J. Gwyn Jeffreys, P.R.S., and 
Professor Wyville Thomson, LL.D., F.R.S. (Proceedings of the Royal 
Society of London, 1870.) 

Report of Deop Sea Researches enrried on during the months of 
July, August, and Septembor 1870, in  H.M. surveying-ship ' Porcu- 
pine,' by W. B. Carpenter, M.D., F.R.S., nnd J. Gwyn Jeffreys, F.R.S. 
(Proceedings of the Royal Society of London, 1870.) 
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the existence of abundant animal life at the bottom 
of the sea has been finally settled and for all depths, 
for there is no reason to suppose that the depth any- 
where exceeds between three and four thousand 
fathoms ; and if there be nothing in the conditions of 
a depth of 2,600 fathoms to prevent the full develop- 
ment of a varied fauna, it is impossible to suppose 
that. even an additional thousand fathoms would make 
any great difference. 

The conditions which might be expected principally 
t o  affect animal life at great depths of the sea are' 
pressure, temperature, and the absence of light which 
apparently involves the absence of vegetable food. 

After passing a zone surrounding the land, which is 
everywhere narrow compared with the extent of the 
ocean, through which the bottom more or less abruptly 
shelves downwards and the water deepens ; speaking 
very generally, the average depth of the sea is 
2,000 fathoms, or about two miles; as far below 
the surface as the average height of the Swiss Alps. 
In  some places the depth seems t o  be considerably 
greater, possibly here and there nearly double that 
amount ; but these abysses are certainly very local, 
and their existence is even uncertain, and a vast por- 
tion of the mea does not reach a depth of 1,600 
fathoms. 

The enormous pressure at  these great depths seemed 
at  first sight alone sufficient to put any idea of life 
out of the question. There was a curious popular 
notion, in which I well remember sharing when a boy, 
that, in going down, the sea-mater became gradually 
under the pressure heavier and heavier, and that all 
the loose things in the 6ea floated at different levels. 
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according to their specific weight : slceletons of men, 
anchors and shot and cannon, and last of all the 
broad gold pieces wrecked in the loss of many a 
galleon on the Spanish Main ; the whole forming a 
kind of ' false bottom ' to the ocean, beneath which 
there lay all the depth of clear still water, which 
mas hcavier than molten gold. 

The conditions of pressure are certainly very extra- 
ordinary. At 2,000 fathoms a man would bear upon his 
body a weight equal to twenty locomotive engines, each 
with a long goods train loaded with pig iron. We are 
apt to forget, however, that mater is almost incom- 
pressible, and that therefore the density of sea-water 
a t  a depth of 2,000 fathoms is scarcely appreciably 
increased. At the depth of a mile, undcr a pressure 
of about 169 atmospheres, sea-water, according to the 
formula given by Jamin, is compressed by the I-& of 
its volume ; and at twenty miles, supposing the law of 
the compressibility to continue the same, by only + of 
its volume-that is to say, the volume at that depth 
would be + of the volume of the same weight of mater 
a t  the surface. Any free air suspended in the water, 
or contained in any compressible tissue of an animal 
a t  2,000 fathoms, would be reduced to a mere fraction 
of its bulk, but, an organism supported through allits 
tissues on all sides, within and without, by incom- 

, pressible fluids a t  the same pressure, would not 
necessarily be incommoded by it. We sometimes 
find when we get up in the morning, by a rise of an 
inch in the barometer, that nearly half a ton has been 
quietly piled upon us during the night, but we expe- 
rience no inconvenience, rather a feeling of exliilara- 
tion and buoyancy, since it requires a little less exer- 
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tioii to move our bodies in thc denser medium. We are 
alrcady familiar, chiefly through the researches of the 
late Professor Sars, with a long list of aniiiials of all 
the invertebrate groups livin: at a dcpth of 300 to 
400 faihoms, and coiiscquciitly sul1,ject t o  a pressure 
of 1,120 lbs. on the square inch ; and off the coast of 
Portugal tlierc is a great fishery of sharks (Ceizhos- 
cynzizus cadolepis, BOC. and CAP.), carried on beyond 
that depth. 

I f  an animal so high in the scale of organization 
as a shark can bear without inconvenience thc 
pressure of half a ton on the square inch, i t  is a 
sufficient proof that the pressure is applied under 
circumstances which prevent its affecting it to its 
prejudice, and thcre sccms to be no reason why 
it should not tolcrato equally well a pressure of 
one or two tons. At all events it. is a €act that 
the animals of all t&e invertebrate classes wliicli 
abound at a depth ’b‘f 2,000 fathoms do bear that 
extreme pressure, and that they do not seem to be 
affected by it in any way. MTe drcdged at %,4% 
fathoms Xcrobiczilarin nillclu, MULLER, a species 
which is abnndant in sis fathoms and at al l  inter- 
incdiate dcpths, and at 2,090 fathoms a largc Pusus, 
with species of many genera wliicli are familiar at 
moderate depth.  Although liiglily orgttnized animals 
may live when permanently subjected to these high 
pressures, it is by no means certain that they could 
survive the change of conditioii involvcd in the pres- 
sure being suddenly removed. Most of the mollusca 
and annelids brought up in the drcclyc from heyond 
1,000 fathoms were either dead or in a very sluggish 
state. Some of the star-fishes moved for some time 

1) 
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feebly, and the spines and pedicellariae moved on the 
shells of the urchins, but all the animals had evi- 
dently received from some cause tlicir death-shock. 
Dr. Perceval Wright mentions' that a11 the sharks 
brought up by the long lines from 600 fathoms in 
Setubal Bay are dead when they reach tlie surface. 

Various mcthods have been proposed to test the 
actual pressure at  great depths, but as all the elements 
in  the calculation are well known, it is easier to work 
out the question in the study than in the field. A 
neat instrument mas constructed for the Anierican 
Coast Survey. A brass piston or plunger mas fitted 
accurately into a cylindrical hole in the wall o f  a brass 
water-tight chamber. The chamber was completely 
filled with water, and a clasping index on the plunger 
marked to  what extent the plunger had been driven 
into the water contained i n  tlie chamber by the 
extreme pressure. The required indication is no 
doulit given, but such an instrument is at the sainc 
time an extremely delicate thermoscope, and until 
lately there has been no perfect means of correcting 
for temperature. A more important application of 
the pressure gauge is to check the accuracy of deep 
soundings. Probably the best arrangement which 
has been proposed for the purpose is a long capil- 
lary glass tube, calibrated and graduated to milli- 
metres, open at one end, and provided with a moveable 
index to show to what amount the air contained in 
the tube has been compressed by the entranceof the 
water. The principal objection to this device is tho 

Notes on Deep Sea Dredging, by Edward Perceval Wright, MU. ,  
(Anuala and F.L.S., Professor of Zoology, Trinity College, Dublin. 

Nagnzine of Natural History, December 1868.) 
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great difficulty in arranging an index which will 
measure with accuracy the extremely small space into 
which even a long column of air is compressed when 
the pressure becomes very great. It can scarcely be 
made available beyond 1,000 fathoms (200 atmo- 
spheres). 

We have in Sir John Herschel’s ‘Physical Geo- 
graphy,” and in Dr. Wallich’s ‘ Atlantic Sea-bed,” 
where it is given in the fullest detail, the doctrine of 
the distribution of deep-sea temperature as it seems 
t o  have been almost universally adopted up till the 
time of the cruise of the ‘ Lightning.’ It was gene- 
rally understood that while the surface temperature, 
which depended upon direct solar radiation, the 
direction of currents, the temperature of minds, and 
other temporary causes, might vary to  any amount ; 
at a certain depth the temperaturewas permanent at 
U C . ,  the temperature of the greatest density of fresh 
water. It  is singular that this belief sliould havernet 
with so general acceptance, for so early as the year 
1833 M. Depretz’ determined that the temperature 
of the maximum density of sea-water, which contracts 
steadily till just above its freezing-point, is- 3O.67 C. ; 
and even before that time observations of sea-tempe- 
ratures at great depths, which were certainly trust- 
worthy within a few degrees, had indicated sever& 
degrees below the freezing-point of fresh mater. 

The question of the distribution of heat in the sea, 

1 Physical Geography ; from the (‘ EncyclopEdin Britannica” By 
Sir John F. MT. Herschel, Bart. 1C.H. 6.c. &c., p. 45. Edinburgh, 1861. 

2 Atlantic Sea-bed, p. 98. 
* Rechorches sur le ;Maximum de Densitd da Dissolutions aqueuses. 

(Anndea de Chimie, tome Ixx. 1833, p. 54.) 
0 2  
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which is one of the greatest interest in connection 
with the distribution of marine animals, will be fully 
discussed in a futurc chapter. The broad conclusions 
to which we have been led by late investigations are, 
that instead of there being a permanent deep layer of 
water a t  4" C. the average temperature of the bottom 
of the deep sea in temperate and tropical ~egions is 
about 0" C., the freezingpoint of fresh water ; and that 
thcre is a general surface movement of warm mater, 
produced probably by a combination of various causcs, 
from the equatorial regions towards the polcs, and a 
slow under-current, or rather indraught, of cold water 
from the poles towards the equator. Froin cases 
which are rccorded, chiefly by the earlier American 
sounding expeditions, of the sounding-line having been 
run out into long loops in sounclings where, from the 
nature of tlie sea-bed, the bottom matcr appeared t o  
be still, it would seem that there are also in some 
placcs intermediate currents ; but with reference to 
their limits and distribution we have as yet no data. 
That a cold flow froin the polar seas passes over the 
bottom seems to be proved by thc fact that in all 
parts of the world wlicrever deep temperature sound- 
ings have been taken, from the arctic circle to the 
equator, the tcmpcrature sinks with increasing depth, 
and is lower at the bottom than the iiormal tempera- 
ture of tlie crust of the earth; an cvidcnce that a 
constantly renewed supply of cold water is cooling 
clown the surface of the crust, which, being a bad con- 
ductor, does not transmit heat with sufficient rapidity 
to affect perceptibly the temperature of the cold in- 
(lrauglit. It is probable that in winter, in those parts 
of the arctic sea which are not directly influenccd by 
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the northern extensioii of tlie gulf stream, the whole 
column of water from the surface to the hottom is 
reduced to the lowest temperature which it ~ v i l l  bear 
without frcezing, and is thus an ample source of the 
coldest water of the highest specific gravity. 

The proof that the flow of the cold indraught is 
almost secular in its slowness, is that ovcr a large 
portion of the ocean whcre tlie low bottom tempera- 
ture is known to prevail, the sea-lied is covered with 
a light fleecy deposit of microscopic organisms of 
great delicacy, into which the sounding-lcad lras in 
some instances sunk several feet, and which must 
inevitably be drifted away by a current of appreciable 
velocity. In all places where any perceptible current 
exists, the bottom consists of sand or mud or gravel 
and rolled pebbles. In somc cases also, sounding in 
the deep water of the mid-Atlantic, the line, after 
running out greatly in excess of the depth, has been 
found to have coiled itself in a tangled mass right 
over the lead-a proof of almost absolute stillness. 

In some places, owing to the conformation of the 
neighbouring land or of the sea-bottom, warm and 
cold currents are circumscribed and localized, and this 
sometimes gives us thc singular phenomenon of a 
patch or stripe of warin and a patch of cold sea meet- 
ing in an invisible but very definite line. There is a 
curious instance of this in the ' cold wall' which 
defines the western border of the gulf strcani along 
the coast of Massachus- and another scarcely less 
markcd which we discovercd during the trial cruise 
of the ' Lightning ' has been fully clescribccl by Dr. 
Carpenter in his report of that cruisc, and will be 
refel-red to hercaftcr.. 
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In moderate depths sometimes the whole mass of 
water from the surface to the bottom is abnormally 
warm, owing to the movement in a certain direction 
of a great body of warm water, as in the warm area ' 
to the north-west of the Hebrides ; and sometimes the 
whole body of water is abnormally cold, a s  in the 
cold area ' between Scotland and F&roe, and in the 

northern part of the German Ocean. In deep water 
however, after the first few hundred fathoms, the 
thermometer usually sinks gradually and very slowly 
till it reaches its mininium at the bottom, a little 
above or below the zero of the centigrade scale. 

The temperature of the sea apparently never sinks 
at any depth below-3"-5 C., a degree of cold which, 
singularly enough, is not inconsistent with abundant 
and vigorous animal life, so that in the ocean, except 
perhaps within the eternal ice-barrier of the antarctic 
pole, life seems nowhere to be limited by cold. But 
although certain se%anirnals-many of them, such as 
the siphonophors, the salpa?, and the ctenophorous 
medusze, of the most delicate and complicated organiza- 
tion-are iolerant of such severe cold, it would appear 
to  be temperature almost entirely which regulates the 
distribution of specks. 'The nature of the ground 
can have little to say to it, for on every line of coast 
of any extent almost every condition and every kind 
of sediment is usually represented. Prom their inha- 
biting a medium which differs but little in weight 
from the substance of their bodies, and from the great 
majority of them producing free-moving Zarvlrc or fry 
in vast numbers which are floated along from place 
to place by currents, marine animals would seem to 
have every possible chance of extending their area, 
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and yet the geographical distribution of most of tho 
shallow-mater species is well defined, and frequently 
somewhat restricted. Unfortunately we know as yet 
very little about the general distribution of marine 
animals. Except along the coasts of Britain and 
Scandinavia, a part of the North American coast, and 
a part of the Mediterranean, wc know absolutely 
nothing beyond the shore zone, or at all events beyond 
10 OP 15 fathoms. VS7hat little me do know is con- 
fined almost entirely to the mollusca, and is due, not 
SO much to scientific research as to the commercial 
value which the acquisitive zeal of conchologists has 
placed upon rare shells. It may be supposed, how- 
ever, that the same laws which regulate the distri- 
bution of littoral and sublittoral mollusca, affect in 
like manner that of shallow-water annulosa, echino- 
derms, and celenterates ; indeed, from the scattered 
observations which have been made on the distribu- 
tion of these latter groups, it seems certain that such 
is the case. 

Woodward’ regarded tlie marine mollusca as occupy- 
ing cighteca well-defined ‘ provinces,’ fulfilling more 
or less completely the condition of having at least one- 
lialf of the species peculiar to the province. Edward 
Forbes defined twenty-five such ‘regions;’ but it must 
be remembered that in both cases at least three-fourths 
of the number of areas defined were based upon the 
most imperfect knowledge of the larger and more con- 
spicuous shore shells only. It has been constantly 
observed in the few cases confined entirely to  the 
shores of the Korth Atlantic and the Ricditerrmean, 

P. 354. 
l A Manunl of the Mollnsca. By S. P. Woodwartl. London, 1851. 



in which drcdgiirg has been attempted at any consider- 
able depth, say 30 or 40 fathoms, that the number of 
species common to the province dredged and to the 
provincc to the north of it, is greatly increased 
by tlic investigation being carried into a deeper zone.’ 
Thus in the lusitanian province 31r. McRndrew 
dredged off the coast of Galicia and Asturias, 212 
species, 50 per cent. of which were common t o  the 
coast of Norway; and off the south of Spain 335 
species wcre obtained, of‘ which 28 per cent. were 
common to n’orway (boreal province), and 51 per 
cent. to Britain (chiefly Celtic province). The shells 
common t o  thc two or three provinces were chiefly 
those dredged from considerable depths. The littoral 
forins had a much more distinct aspect. The mollusca 
of the ‘Porcupine’ expedition have not yet been 
thoroughly ~vorked out. They are in the liands of 
Mr, Gwyn Jcffrcys, and his preliminary reports give a 
most interesting forecast of what we may expect when 
liis labour is completed. He  announces sometlring 
like 260 new species. Some of‘ the more interesting 
of’ these, and the general phenomena of tlieir distri- 
bution, will be referred to in a future chapter. 

The echinoderms of the expedition are more limited 
iu number, and liave already been examined by the 
writer with some care. The general distriliution of 
the Echinodermata is not so well liuown as that of the 
Mollusca. There are inany littoral and sublittoral 
species. Many of these are local, but many have a 
wide geographical distribution, usually along what, 
Edward Forbes calls a ‘homoiozoic belt,’ a belt of 
nearly similar circulnstaiiccs of climate extending 

JVoodmard, loc. cit. 1). 36%. 
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through many degrees of longitude, but fern of latitudc. 
As a class, however, they prefer a depth rather beyond 
20 fathoms,’ beyond thc reach of very i4olent climatic 
vicissitudes. They are conspicuous things, showing 
usually sufficiently bold specific characters, and thus 
they are less liable to confusion than most other groups. 
They involve in their history and economy several of 
the pi*incipal questions discussed in this volume; while 
giving, tlierefore, such a brief sketch as the space at 
my disposal and the amouiit of my prcsent informa- 
tion map permit, of the additions wliicli lime been 
made during our dredging cruises to the knowledge 
of the other invertebrate classes, I will use the echi- 
noderms and the protozoa principally for the purpose 
of general illustration. 

Littoral and shallow-water species of animals must 
be much more liable to have their migrations inter- 
rupted by ‘ natural barriers,’ such as deep water 
through which they cannot pass, or currents of 
warmer or of colder water; they must likewise be 
inuch more affected by local circumstances, such as 
extreme differences between summer and winter tem- 
perature ; so that they might be expected to be more 
circumscribed and local in tlieir distribution than the 
denizens of greater depths-and they certainly are so. 
The conditions of the bottom in the zone from 20 to  
50 fathoms are much more equable than near the 
surface. Direct solar radiation in temperate regions 
affects this zone very slightly, so that it probably 

l Distribution of Mariiio Life. By Professor Edward Forbes, F.R.S., 
President of tho Goological Society. (From tho Physical Atlas of 
Natural Phenomena, by Alexander Kcith Julinstou, F.R.G.S., &x. 
Edinburgh, I&%.) 
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maintains nearly the same conditions of temperature 
through many degrees of latitude; and when as it 
passes southwards it does become gradually affected 
by increasing marulth, it may be supposed merely to 
sink a few fathoms deeper, carrying its conditions and 
its fauns along with it. For example, animal forms 
which abound in the Celtic province at 25 fathoms 
with a mean temperature of 10” C., may be expected in 
grcatest number in perhaps 40 or 50 fathoms, with 
the same temperature, in the lusitanian province. 
Such a zone may thus be continuous for a great dis- 
tance, while the surface climate has been altcring 
greatly, and the inigrations of littoral forms have 
been again and again interrupted. But the deeper 
zone also sometimes insets with a ‘natural harrier,’ 
as at the line of junction between thc varm and cold 
areas already mentioned; which causes a curious sift- 
ing out of those species which are intolerant of a 
change of temperature. Thus the fauna of the tem- 
perate northward flow of water off the west coast of 
Scotland is materially different from that of the cold 
indraught along the east coast. 

I f  there be this overlapping between the lusitanian 
and Celtic provinces, the same relation may be antici- 
pated between our own and thc boreal province ; and 
it is well known that this is the case, for the great 
majority of the molluscs which liaw becn dredged by 
McAndrew, Barlec, and especially by G wyn Jeffreps, 
from depths below 50 fathoms, are identical with those 
found in shallower mater on the Scandinavian coast. 
Our recent work, whilc it has brought out more fully 
the overlapping, has gone much farther towards the 
indication of a general law. 



CHAP. I.] LVI'ROD UCTION. 43 

It seems probable that the distribution of marine 
animals is determined by the extremes of temperature 
rather than by the means. The mean winter tempera- 
ture of the surface and of moderate depths off the 
north coast of Norway is about 2" C., and the extreme 
about 0" C. ; and on the coast of Greenland the mew 
sinks to  - 1" C . ,  mid tlie extreme to - 3" C .  

Thc temperature of the trough bctween Scotland 
and F&roe at the depth of 500 fathoms is from 0" to  
-1" C., and we find in that trough, along with many 
undcscribed forms which are special to very deep 
water, every one of the echinoderms hitherto found 
on the coast of Scandinavia and Greenland, with the 
single exception, I believe, of Ophioglgplm stuwitxii, a 
shallow-water Greenland form among the ophiurids, 
and of one or two holotliurids which have as yet 
evaded us. 

The temperature of the telegrapliic plateau at 1,000 
to  2,000 fathoms is apparently usually from 3" t o  2" C., 
and at 2,500 fathoms in the Bay of Biscay it is 2" C. 
From 800 to 2,000 fathoms all along the west coasts 
of Scotland, Ireland, and France, me have dredged 
Scandinavian echinoderms in abundance, and from 
the deep water as far south as the coast of Portugal 
I have received examples of some of the best marked 
northern forms, such as Bcl~inus etegaizs, D. and IC. ; 
Toxopneztstes drobuchiensis, 0. F. MULLER ; Bmksopsis 
lipifera, FOEBES ; Ti*@yZus frcigilis, D. and IC. ; tlie 
magnificent B?*isiizga coronata, G. 0. SARS (Fig. 7), 
and B. endecacnenzos, ABSJ~RNSEN; Pteyaster miti- 
tai-is, M. and T. ; OplLiucuntJm spinulosu, M. and T.; 
Ophiocten sei*iceum, FORBES ; OphiogJypha sarsii, 
LUTK.; Asterorqx lovini, 31. and T.; and Astero- 
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phyton linclcii, M. and T ,  froin Mr. G w p  Jeffreys' 
dredgings in 1870. Deep-sea forms dredged round 
our coast identical with northern species have been 
usually regarded as ' boreal outliers ' (Porbes), or at 
all events as species which have extended their dis- 
tribution from northern centres. This idea probably 
arose in a great measure from their having been 
discovered and first described in Scandinavia. We 
actually know nothing about their centres of distri- 
bution ; all we know of them is that they are the in- 
habitants of an enormously extended zone of special 
thermal conditions, which ' crops out,' as it were, or 
rather comes within range of the ordinary means of 
observation, off the coasts of Scandinavia. 

Edward Forbes pointed out long ago the kind of in- 
verted analogy which exists between the distribution of 
land animals and plants and that of the fauna and flora 
of the sea. In the case of the land, while at the level 
of the sen there is, in temperate and tropical regions, a 
luxuriant vegetation with a correspondingly numerous 
fauna, as we ascend the slope of a mountain range 
the conditions gradually become more severe ; species 
sftcr species belonging to  the more fortunate plains 
bcneatli disappear, and are replaced by others whose 
representatives tire only to be found on other moun- 
tain ridges, or on the shores of an arctic sea. I n  the 
occan, on the other hand, there is along the shore line 
and within tlie first few fathoms, a rich and varied 
flora and fauna, which participates and sympathises 
in all the circumstances of climatc which affect the 
inhabitants of the land. AS we descend, tlic condi- 
tions gradually become more rigorous, the tempera- 
ture falls, and alterations of teinperature are less felt. 
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The fauna beconies more uniform over a larger area, 
and is manifestly one of which tlie sliallower water 
fauna of some colder region is to a great extent a 
lateral extension. Going still dceper, the severity of 
the cold increases until we reach the vast undulating 
plains and valleys at the bottom of the sen, with their 
fauna pmtly peculiar and partly polar--a region the 
extension of whose extreme thermal conditions only 
approaches tlie surface within tlie arctic and antarctic 
circles. 

We have as yet very little cxact knowledge as to 
the distance to which the sun's light penetrates into 
tlic water of the sea. According t o  some recent 
experimciits which will be referred to in x futurc 
chapter, it would appear that the rays capable of 
affecting a delicate photographic film are very rapidly 
cut off, their effect being imperceptible at the depth 
of only a few fathoms. It is probable that some 
portions of the sun's light possessing certain pro- 
perties may penetrate t o  a much greater distance, but 
it must be remembered that even thc clearest sea-mater 
is more or less tinted by suspended opaque particles 
and floating organisms, so that the light has more 
than a purc saline solution to contend with. At all 
events it is certain that beyond the first 50 fathoms 
plants are barely represented, and after 200 fathoms 
they arc entirely absent. The question of tlie mode 
of nutrition of animals at great depths becomes, there- 
fore, a very singular one. The practical distinction 
between plants and animals is, that plants preparc 
the food of animals l ~ p  decomposing certain inorganic 
substanccs which animals cannot use as food, and 
recombining tlieir elements into organic compounds 
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upon which animals can feed. This process is, how- 
ever, so far as we are at  present aware, constantly 
effected under the influence of light. There seems 
to  be little or no light at the bottom of the sea, 
and there are certainly no plants except such as 
may sink from the surface, but the bottom of the 
sea is a mass of animal life. At first sight it 
certainly seems difficult to account for the main- 
tenance of this vast animal population living with- 
out any visible means of support. Two explanations 
have been suggested. It is conceivable that certain 
animal forms may have the power of decomposing 
water, carbon dioxide, and ammonia, and re-com- 
bining their elements into organic cornpouuds without 
the agency of light. Dr. Wallich supports this view, 
and in doing so he states that ‘‘ No exceptional law 
is invoked, but, on the contrary, that the proof of 
these organisms being endowed with the power to  
convert inorganic elements for their own nutrition 
rests on the undisputed power which they possess 
of separating carbonate of lime or silica from maters 
holding these substances in solution.” This, how- 
ever, seems scarcely satisfactory. All the substances 
employed in the nutrition of animals are offered t o  
them finally in solution in water, and the abstraction 
of these from their watery solutions cannot be re- 
garded as a ‘chemical separation.’ The broad dis- 
tinction still remains, that when carbon dioxide in 
solution is presented t o  a green plant in the sun- 
shine it can decompose it, while an animal cannot. 

I believe we have a simpler explanation. All 
sea-water contains a certain quantity of organic 

North Atlantic Sea-bed, p. 131. 
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matter, in solntion and in suspension. I t s  sources 
are obvious. All rivers contain a considerable quan- 
tity. Every shore is surrounded by a fringe which 
averages a mile in width, of olive and red sea- 
weed. In  the middle of the Atlantic there is a, 
marine prairie, the ' Sargasso sea,' extending over 
three millions of square miles. The sea is full of 
animals, which are constantly dying and decay- 
ing. The amount of organic matter derived from 
these and other sources by the water of the ocean 
is very appreciable. Careful analyses of the water 
were made during the several cruises of the ' Porcu- 
pine' to detect it and to determine its amount, 
and the quantity everywhere was capable of being 
rendered manifest and estimated, and the propor- 
tion was found to be very uniform in all localities 
and at all depths. Kearly all the animals at extreme 
depths-practically all the animals, for the small num- 
ber of higber forms feed upon these-belong to one 
sub-kingdom, the Protozoa ; whose distinctive charac- 
ter is that they have no special organs of nutrition, 
but absorb nonrishment through the vliole surface 
of their jelly-like bodies. Most of these animals 
secrete exquisitely formed skeletons, some of silica, 
some of carbonate of lime. There is no doubt that 
they extract both these substances from the sen- 
water; and it seems more than probable that the 
organic matter which forms their soft parts is 
derived from the same source. It is thus quito 
intelligible that a world of animals may live in 
these dark abysses, but it is a necessary condition 
that they must chiefly belong t o  a class capable of 
being supported by absorption through the surface 



of their bodies of inatter in solution, developing 
but little heat, and incurring a vcry small amount 
of waste by any manifestation of vitad activity. 
According to this view it seems probable that a t  
all periods of the earth's liistory some form of 
the Protoxoa-rliisopods, sponges, or both-predomi- 
iiated greatly over all othcr fornis of animal life 
in the depths of' the piarizzer rcgions of the sea. 
The rhizopods, like the corals of a shallower zone, 
form huge accumulations of carbonate of lime, and it 
is probably to their agency that TVC must refer inost 
of those grcat bands of limesione which have resisted 
time aiicl change, and come in here and there with 
their rich imbedded lettering to mark like inilestoncs 
tlie progress of the passing ages. 
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THE CRUISE OF THE LIGIITNING.’ 

Proposal to investigate the Conditions of tho Bottom of tho Sea.- 
Suggestions and Anticipations. - Correspondence betweon the 
Council of the Boyal Society and the Admiralty.-Departure 
from Stornoway.-The FSroe Islands.-Singular Temperature 
hsulta in the Fifiroe Channel.-Life abundant at all Depths.- 
Urisinga coromta. -HolrPnia curpentmi.-Goncml Reeulla of the 
Expedition. 

Appendix A-Particulars of Depth, Temperature, and Position at 
the vnrious Dredging Stations of H.M.S. ‘ Lightning,’ in the 
Summer of 1868 j the Temporaturea corrected for Premuro. 

*,,* The bracketed nwnbcrs lo the ?ooohds in this c7Ucpt.w yfer lo the drdphrg 
statim on Phtc I. 

IN the spring of the year 1868, my friend Dr. W. 
B. Carpenter, at that time one of the Vice-presidents 
of the Royal Society, was with me in Ireland, where 
we were working out together the structure and 
development of the Crinoids. I had long previously 
had a profound conviction that the land of promise 
for the naturalist, the only remaining region where 
there were endless novelties of extraordinary interest 
ready to the hand which had the means of gathering 
them, was the bottom of the deep sea. I had even 
had a glimpse of some of these treasures, for I had 
seen the year before, with Professor Sars, tho forms 

E 
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which I have already mentioned dredged by his son at 
a depth of 300 to 4100 fathoms off the Loffoten islands. 
I propounded my views to my fellow-labourer, and 
we discussed the subject many times over our micro- 
scopes. I strongly urged Dr. Carpenter t o  use his 
influence at head-quarters to induce the Admiralty, 
probably through the Council of the Royal Society, 
to give us the use of a vessel properly fitted with 
dredging gear and all necessary scientific apparatus, 
that many heavy questions as to the state of things 
in the depths of the ocean which were still in a state 
of uncertainty, might be definitely settled. After full 
consideration, Dr. Carpenter promised his hearty co- 
operation, and we agreed that I d10~ld  writo t o  him 
on his return to London, indicating generally the 
results which I anticipated, and sketching out what 
1 conceived to be a promising line of inquiry. The 
Council of the Royal Society warmly supported the 
proposal ; and I give here in chronological order the 
short and eminently satisfactory correspondence which 
led to the Admiralty placing at the disposal of Dr. 
Carpenter and myself the gunboat ' Lightning ' under 
the command of Staff-Commander May, R.N., in the 
summer of 1868, for a trial cruise to the north of 
Scotland, and afterwards t o  the much wider surveys 
in H.M.S. Porcupine,' Captain Calver, R.N., which 
were made with the additional association of Mr. Gwyn 
Jeffreys in the summers of the years 1869 and 1870. 

. .  
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determine with accuracy the conditions and distribution of 
Animal Life at great depths in the ocean; I now resume the 
facts and considerations which lead me to believe that researches 
in this direction promise valuable results. 

All recent observations tend to negative Edward Forbes’s 
opinion that a zero of animal life was to be reached at n depth 
of a few hundred fathoms. Two years ago, M. Sam, Swedish 
Government lnspector of Fisheries, had an opportunity in his 
official capacity of dredging off the Loffoten Islands at a depth 
of 300 fathoms. I visited Norway shortly after his return, and 
had an opportunity of studying with his father, Prof. Sam, some 
of his results. Animal forms were abundant; many of them 
were new to science; and among them was one of surpassing 
interest, the small Crinoid of which you have a specimen, and 
which we at once recognized as a degraded type of the Amo- 
CRIXIDB, an order hitherto regarded as extinct, which attained 
its maximum in the Pear-encrinites of the Jurassic period, and 
whose latest representative hitherto known was the Bourguetti- 
winus of the Chalk. Some years previously, M. Absjornsen, 
dredging in 200 fathoms in the Hardangerfjord, procured several 
examples of a Starfish (Brisingu) which seems to find its nearest 
ally in the fossil genus Protmler. These observations place i t  
beyond a doubt that animal life is abundant in the ocean at  
depths varying from 200 to  300 fathoms, that the forms at these 
great depths differ greatly from those met with in ordinary 
dredgings, and that, at all events iu some cases, these animals are 
closely allied to, and would seem t o  be directly descended from, 
the fauna of the early Tertiaries. 

I think the latter result might almost liave been anticipated ; 
and probably further investigation will add largely to this class 
of data, and will give us an opportunity of testing our deter- 
mination of the zoological position of some fossil types by an 
examination of the soft parts of their recent representatives. 
The main cause of the deatruction, the migration, and the extreme 
modification of Animal types, appears to be change of climate, 
chiefly depending upon oscillations of the earth’s crust, These 
oscillntions do not appear to have ranged, in the northern portion 

E 2  
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of the Northern Hemisphere, much beyond 1,000 feet since the 
commencement of the Tertiary epoch. The temperature of deep 
water seems to be constant for all latitudes at 39" ; so that an 
immense area of the North Atlantic must have had its conditions 
unaffected by Tertiary or Post-tertiary oscillations. 

One or two other questions of the highest scientific interest 
are to be solved by the proposed investigations :- 

1st. The effect of pressure upon animal life a t  great depths. 
There is great misapprehension on this point. Probably a per- 
fectly equal pressure to auy amount would have little or no 
effect. Air being highly compreyible, and water compressible 
only to a very slight degree, it is probable that under a pressure 
of 200 atmospheres, water may be even more aErated, and in 
that respect niore capable of supporting life, than at the surface. 

2nd. The effect of the great diniinution of the stimulus of 
Light. From the condition of the Cave Fauna, this latter agent 
probably affects only the development of colour and of the 
organs of sight. 

I have little doubt that it is quite practicable, with a sniall 
heavy dredge, and a, couple of miles of stout Manilla rope, to 
dredge at a depth of 1,000 fathoms. Such an undertaking 
would, however, owing to the distance and the labour involved, 
be quite beyond the reach of private enterprise. What I RIn 
therefore anxious for is, that the Admiralty may be induced, 
perhaps at the instance of the Council of the Royal Society, to 
send a vessel (such as one of those which accompanied the Cable 
Expedition to take soundings) to carry out the research. 1 
should be ready to go any time after July ; and if you would take 
part in the investigation, I cannot but believe that it would give 
good results. 

I would propose to start from Aberdeen, and to go first to the 
Rockall fishing-banks, where the depth is moderate, and thence 
north-westward, towards the coast of Greenland, rather to the 
north of Cape FarewelL We should thus keep pretty nearly 
along the isotherm of 39", shortly reaching 1,000 fathoms depth, 
where, allowing 1,000 feet for oscillations in level, and 1,000 feet 
for influcnce of surface-currents, sumnier heat, &c., we should 
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still have 4,000 feet of water whose conditions have probably not 
varied greatly since the commencement of the Eocene epoch. 

Yours most truly, 
W YVILLE TIIOBWW. 

Front Dr. Carpe~ttcr, V.I3.S., to the President of tke Bqal Society. 
UNIVEI~SITY OF Lomox,  DUICLISOTON IIOULIE, W. 

Juuc lath, 1868. 

DEAR GENERAL ShBINE,-During a recent visit to Belfast, I 
I d  the opportanity of examining sonie of tho specimens 
(transmitted by Prof. Sam of Chrisiiania to Prof. Wyvillo 
Thomson) which have been obtained by M. Sars, jun., Inspector 
of Fisheries to the Swedish Government, by deep-sea dredgings 
off the coast of Norway. These specimens, for reasons stt&d in 
the enclosed letter from Prof. Wyville Thomson, are of singular 
interest alike to the zoologist and to the palceont.ologist ; and the 
discovery of them can scarcely fail to excite, both among natu- 
ralists and among geologists, a very strong desire that the z0010gy 
of the dmp sea, especially in the Northern Atlantic region, should 
bo more thoroughly and systenlatically explored than it has 
ever yet been. From what I: know of your own early labours i n  
this field, I cannot entertain a doubt of your full concurrence in  
this desire. 

Such an exploration cannot be undertaken by private indi- 
viduals, even when aided by grants from Scientific Societies. 
For dredging at great deptlis, a vessel of considerable size is 
requisite, with a trained crew, such as is only to be found in the 
Goveninient service. It was by the nid of such an equipment, 
furnished by the Swedish Government, that the researches of 
M. Sars were carried on. 

Now, as there are understood to be nt the present time an 
unusual number of gun-boats and other cruisers on our northern 
and western coasts, which will probably remain on their stations 
until the end of the season, it has occurred to Prof. Wyville'i 
Thornson and myself, that the Admiralty, if nioved thereto b$& 
the Council of tlic Royal Society, might be induced to place one ~ 

of tlicse vessels at tho disposal of ourselves and of any other 
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natttnralists who might be willing to accompany us, for the 
purpose of carrying on a systematic course of deep-sea dredging 
for a month or six weeks of the present summer, commencing 
early in August. 

Though we desire that this inquiry should he extended both 
in geographical range and in depth as far as is proposed in Prof. 
Wyville Thornson’s letter, we thiiik it preferable to limit our- 
selves on the present occasion to a request which will not, we 
believe, involve the extra expense of sending out a coaling- 
vessel. Wc should propose to  make Kirkwall or Lerwick our 
port of departure, to explore the sea-bottom between the Shetland 
and the Fiiiroe Islands, dredging around the shores and in the 
fiords of the latter (which have not yet, we believe, been 
scientifically examined), and then to proceed m far north-west 
into the deep water between the FlCroe Islands and Iceland as 
may be found practicable. 

It would be desirable that the vessel provided for such 
a service should be one capable of making way under canva3 
;t9 me11 as by steam-power ; but  as our operations must neces- 
sarily be slow, speed would not be required. Coiisiderable 
labour would be spared to the crew if the vessel be provided 
with a ‘donkey-engine’ that could be used for pulling up the 
dredge. 

If the Council of the Royal Society should deem it expedient 
to prefer this request to the Admiralty, I trust that they may 
further be willing to place at the disposal of Prof. Wyville 
Thomson and myself, either from the Donation Fund or the 
Government-Grant Fund, a sum of S100 for the expenses we 
must incur in providing an ample supply of spirit and of jars 
for the preservation of specimens, with other scieritific appliances, 
We would undertake that the choicest of such specimens should 
be deposited in the British Museum. 

I shall be obliged by your bringing this subject before the 
Council of the Royal Society, and remain, 

Dear General Sabine, yours faithfully, 
WILLIAM B. CARPEXTER. 

TILC rrcuideut nf tlrc Royal Sociely. 
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From tAc Jlinutcs os t i ~ e  Cor6iacil of the Royal 8ocic@, 
J i m  18, 1868. 

These letters having been considered, it was resolved,-" That 
the proposal of Drs. Carpenter and Wyville Thornson be ap- 
proved, Rnd recommended to the favourable consideration of tho 
authorities of the Admiralty ; and that tl sum, of not exceeding 
5100, be advanced from the ,Donation Fund to meet the expenses 
referred to in Dr. Carpenter's letter." 

The followiug draft of a letter to be written by the Secretary, 
to the Secretary of the Admiralty, was approved :- 

MY LORD,-~ am dirzcted to acquaint you, for the information 
of the Lords Commissioners of the Admiralty, that tlie President 
and Council of the Royal Society have had under their cou- 
sideration a proposal by Dr. Carpenter, Vice-President of tho 
Royal Society, and Dr. 'Wyville Thornson, Professor of Natural 
History in Queen's College, Belfast, for conducting dredging 
operations a t  greater depths than have heretofore been attempted 
in the localities which they desire to explore-the main purpose 
of such researches being to obtain information as to  the ex- 
istence, mode of life, and zoological relations of marine animah 
living at  great depths, wilh a view to the solution of various 
questions relating to Animal Life, and having an important bear- 
ing on Geology and Palzeontology. The objects of the opera- 
tions which they wish to undertalre, and the course which they 
would propose to follow, as well as tho aid they desire to obtain 
from the Admiralty, are more fully set fortli in  tlie letter of 
Dr. Carpenter to the President, and that of Professor Thomson, 
copies of which I herowith enclose. 

The President and Council am of opinion that important 
advantages may be expected to accrue to science from the 
proposed undertaking ; accordingly they strongly recorninend it 
to the favourable consideration of her Majesty's Governmont, 
and earnestly hope thnt the Lords Commissioiiers of tho 
Admiralty may be disposed to grant tlie aid rcqucstcd. I n  such 



case the scientific appliances required would be provided for froin 
fiindv at the disposal of the Royal Society. 

I am, &c., 
w. SHAlU’hT, See. R,S. 

Lurtl I% Loinm, dl .  P., Sccrelary of the Admidl f l .  

From the Minutes of the Comcil of the BqaZ SoGicly 
for Oct. 20, 1868. 

AiiaiIRhLTY, 148% &Zy, 1868. 
SIR,-I~ reply to  your letter of the 22nd ultimo, submittirig 

a proposition from Dr. Carpenteq and Professor Thornson to 
investigate, by means of dredging, the bottom of the sea in 
certain localities, with a view to ascertain the existence and 
zoological relations of marine animals at great depths,-a re- 
search which you and the Council of the Royal Society strongly 
recommend in the interests of science to the favourable con- 
sideration of her Majesty’s Government, for aid in furtherance 
of the undertaking,--I am comnhanded by my Lords Com- 
missioners of the Admiralty to acqnaint you that they are 
pleased to  meet your wishes so far tis the Service will admit,and 
have given orders for her Majesty’s steam-vessel ‘Lightning’ to 
be prepared irnniediately, at Pembroke, for the purpose of carry- 
ing out such dredging operations. 

I am, Sir, 
Your obedient. Servant, 

W. G. R o ~ n r r ; ~ .  

It will be seen by the letters from my colleague 
and myself what our ideas were at that time, and what 
our anticipations as to the result of our labours. We 
both more than doubted the anti-biotic ’ view which 
was then very generally received, and we expected to 
be able to  trace a relationship between the living 
inhabitants of the deep sea and the fossils of some of 
tlie later geological formations which we looked upon 
;LS their dircct and not very remote ancestors, We 

To tiis P w d c n l  of t L  RoUaE Socletv. 
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had adopted the current strange misconception with 
regard to the distribution of ocean temperature ; and 
it is perhaps scarcely a valid excuse that the fallacy 
of a universal and constant temperature of 4’ C. 
below a certain depth varying according to latitude, 
was at  the time accepted and taught by nearly all 
the leading authorities in Phyfiical Geography. 

From the time that the Admiralty gave their 
sanction to the use of a Government vessel for the 
investigation, Dr. Carpenter’s labours in working out 
all the necessary arrangements and preparations were 
unceasing, and to his influence in the Council of the 
Royal Society, and to the confidence placed in his 
judgment by members of the Government and men 
in official positions, the success of the undertaking is 
unquestionably due. 

The surveying ship ‘ Lightning ’ was assigned for 
the service-a cranky little vessel enough, one which 
had the somewhat doubtful title t o  respect of being 
perhaps the -very oldest paddle-steamer in her 
Majesty’s navy. We had not good times in the 

She kept out the water imperfectly, 
and as we had deplorable weather during nearly the 
whole of the six weeks we were afloat, we were in con- 
siderable discomfort. The vessel, in fact, was scarcely 
seaworthy, the iron book and screw-jack fastenings of 
the rigging were worn with age, and many of them 
were carried away, and on two occasions the ship ran 
some risk. Still the voyage was on the whole almost 
pleasant. Staff-Commander May had lately returned 
from Annesley Bay, where he had been harbour-master 
during the Abyssinian war ; and his intelligence and 
vivacity, and the cordial good-fellowship of his officers, 

Lightning.’ 
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who heartily seconded my colleague and myself in our 
work and sympathised with us in our keen interest 
in the curious results of the few trials at  great depths 
which we had it in our power to make, made the 
experience, a very novel one to us, certainly as 
tolerable as possible. 

The ‘Lightning’ left Pembroke on the 4th of 
August, 1868, and arrived at Oban on the evening 
of the 6th. At Oban Dr. Carpent&, his son Herbert, 
and I joined, and, after having taken observations 
for the chronometers, completed coals and water, 
and being otherwise ready, we left Oban on the 8th 
of August, anchored on that evening in Tobermory 
Bay, and after a gusty passage through the Minch 
we reached Stornoway on the evening of the 9th. 
A t  Stornoway we were received by Sir James and 
Lady Matheson with a courteous hospitality which 
on maiq subsequent occasions has made us leave 
their island kingdom with regret and return t o  it 
with pleasure. We took in as much coal as we 
could carry, stoning as much as was safe in bags 
on the deck, set up a dredging derrick over the 
stern, took final observations, and departed to the 
northward on thc morning of the 11th. We took a 
haul or two the same afternoon in from 60 t o  100 
fathoms, about 15 miles to the north of the Butt of 
the Lews, to try our dredging-tackle and donkey- 
engine and to trace the limits of the shallow-w?.sLter 
species. Al l  the appliances worked well, but the 
dredge brought up few animal forms, and all of them 
well-known inhabitants of the seas of the Hebrides. 
The next day we were met by a breeze from the N.E., 
which continucd for tlirce days with such force that 



PLATE I.-Track of . '' Lightning "-1865. 
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we were compelled to lie-to under canvas, drifting to 
the northward towards the edge of the Fsroe Banks, 
any attempt to dredge being out of the question. 
On the 13th, during a lull, we sounded and found no 
bottom at  450 fathoms (Station 1, P1. I.), with a 
minimum temperature of 9O.6 C., the temperature of 
the surface water being 12O.5 C. This was so high a 
temperature for so considerable a depth that we sus- 
pected some error in the indications of the thermo- 
meters, three of Six’s registering instruments of the 
Hydrographic Office pattern. Subsequent observa- 
tions however in the same locality showed us that 
tlic temperature to  the depth of 600 to 700 fathoms 
in that region is the moderate temperature of the 
northward current of the gulf stream. 

The F&roe Banks are greatly frequented in the 
fishing season by English and foreign fishing-smacks. 
Of course the principal object is to prepare cured or 
hard-fish, but’ many of the English vessels are welled 
for the supply of fresli cod for the London market. 

A large square tank occupies the middle of the 
vcssel, and holes in the sides allow the water to pass 
f‘reely through it. The water in the tank is thus 
kept perfectly fresh ; the best of the cod are put into 
it, and they stand the voyage perfectly. It is curious 
to see the great creatures moving gracefully about 
in the tank like gold-fish in a glass globe. Tligy are 
no doubt ‘quite unaccustomed to man,’ and conse- 
quently they are tame ; and with their long smooth 
mottled €aces, their huge mouths, and lidless un- 
speculative eyes, they are about as unfamiliar objects 
as one can well see. They seem rather to  like to  
be scratched, as t h y  are greatly infested by caligi 
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and all kinds of suctorial copepods. One of them will 
take a crab or a large fusus or buccinum quietly out 
of one's hand, and with a slight movement transfer it 
down its capacious throat into its stomach, where it 
is very soon attacked and disintegrated by the power- 
ful gastric secretions. I n  ono welled smack I visited 
on one occasion, one of the fish had met with some 
slight injury which spoiled its market, and i t  made 
several trips in the well between London and Ft.%roe 
and became quite a pet. The sailors said it knew 
them. It was mixed up with a number of others in 
the tank when I was on board, and certainly it was 
always the first to come to the top for the chance of 
a crab or a bit of biscuit, and it rubbed its 'bead 
and shoulders ' against my hand quite lovingly. 

On the 15th and 16th we dredged over the F&roe 
Banks at a depth of from 200 to 60 fathoms, the 
bottom gravel and nullipore, and the temperat ure 
from 8" to 10" C. The tanks swarm with the coni- 
mon brittle star Ophiothi-ix fi.agiZis, with the Norway 
lobster Nephi*ops rzowqiczis, large spider crabs, several 
species of the genus Galathea, and many of the genus 
Crangow. So ample a supply of their favourite food 
readily accounts for the abnndance and excellence of 
the cod and ling on the banks. 

There is some rough rocky ground on the $'&roe 
Banks, and notwithstanding all possible care and the 
use of Hodge's ' accumulators ' to ease the strain on 
the dredge ropes, we lost two of our best dredges and 
some hundreds of fathoms of rope. On the morning 
of the 17th we sighted Fsroe, as usual only getting 
now and then a glimpse of the islands of this remote 
little archipelago by the lil'ting of tlie curtain of mist 
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which almost constantly envelopes them. Towards 
mid-day the weather improved a little, and as we 
threaded among the islands towards the little harbour 
of Tliorshavn we greatly enjoyed our first view of 
their fantastic outlines, partly shrouded in their veil 
of mist; their soft green and brown colouring ren- 
dered still softer by the subdued sub-arctic light, and 
the streams and cascades embroidering the gentle 
slopes of the hills and falling over the cliffs like 
silver threads and tassels. 

The Fi%roe Islands are basaltic ; terrace over 
terrace of soft easily decomposed anamesite probably 
of Miocene tertiary age. This uniform structure, 
and the absence of trees or any prominent form of 
vegetation, gives a singular sameness of effect. The 
scattered habitations are usually sad-coloured and 
roofed with growing turf, so that they are actually 
invisible at a little distance. We were greatly struck 
sometimes by the difficulty of estimating distance 
and height ; from the total want of familiar objects 
for comparison it was sometimes difficult to tell, 
passing among the islands and looking at them 
through the moist transparent air, whether the 
ridge was 500 feet high, or double or four times that 
height. The intermediate height is usually nearest 
the truth. 

Thorshavn, the capital of F&roe, is a strange little 
place. The land shelves down rather abruptly to a 
little bay, round the head of which the town is built; 
and the habitations are perched among the rocks on 
such flat spaces as may be found for t>heir reception. 
The result is irregular and picturesque; and very 
peculiar, for something like a scramble is necessary 
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to get along some of the principal ' streets.' Above 
the town a little clearing forms it miniature lawn 
and garden gay with bright flowers in front of the 
Governor's house, a pretty wooden cottage residence 
like a villa in a suburb of one of the Scandinavian 
towns. 

$'%roe, with its wet sunless climate and precarious 
crops of barley; its turf-thatched cottages and quiet 
little churches ; its glorious cliffs and headlands and 
picturesque islets, the haunt of the eider-duck and 
the puffin; and its hardy, friendly islanders, with their 
quaint, simple, semi-Icelan dic semi-Danish customs, 
lias been described again and again. F%roe only came 
to  us as a pleasant haven of rest in the middle of our 
northern work. We paid it two visits of a week each 
in successive years, and one of the most pleasant 
memories in the minds of all of us connected with 
these expeditions will always be the cordial sympathy 
which we received from our friend M. Holten the 
Danish Governor, and his accomplished wife. M. 
Holten received us with the most friendly hospitality, 
and did everything in his power at  all times to  render 
us assistance and to  further our views. He introduced 
us t o  the leading inhabitants of his dominion, and 
during the many pleasant evenings which we spent 
at his rcsidence we heard all that we could of the 
economy of this simple little community, perhaps the 
most primitive and the most isolated in Europe. To 
Governor Holten I have already had the pleasure o€ 
dedicating a singularly beautiful sponge-form which 
we discovered during our return voyage; and to 
Madame Holten, to  whosc graceful pencil I am in- 
dcbtcd for the vignettes of Ft2:roo scenery which so 
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appropriately close these chapters, I now dedicate 
this volume, in remembrance of the great kindness 
which we invariably experienced from her and from 
her excellent husband. 

We lay in Thorshavn harbour till the 26th of 
August, the weather being so bad as to make all idea 
of pursuing our work outside hopeless. Whenever it 
was possible we dredged in the fiords with F&roese 
boats and native boatmen, and we made the acquaint- 
ance of Sysselman Mtiller, the representative of F@roe 
in the Danish Parliament, who had made himself 
thoroughly conversant with the mollusca of F&roe, 
and had contributed his information t o  a list published 
in 1867 by Dr. 0. A. L. Morch. The shallow-water 
fauna seems to be scanty, as we find frequently to be 
the case on a bed of decomposing trap. It is of a 
character intermediate between that of Shetland and 
the Scandinavian coast. The forms which perhaps 
interested us most were Fusus despcctm, L.- a hand- 
some shcll which may possibly be only a very marked 
variety of &sus adiquus, L. ; but if so, it is one with 
very definite limit of distribution, as it occurs only 
rarely in very deep water in the British seas. In water 
of moderate depth among the F%roes it is abundant, 
apparently replacing 2'. an tiquus. Another common 
F@roe shell is Telliizu caIca?*oa, CHEMNITZ,-a very 
abundant British glacial clay fossil, but not hitherto 
found recent in the British area.. In tho glacial clays 
near Rothesag it is in regular beds associated with 
Myu truizcatu, L , var. udclevallemis, FORBES ; Saxi- 
cava noweg~cu~,  SYREHGLER; Pectelz islandicus, 0. F. 
MULLER, and other northern forms, and frequently 
so fresh that the two valves arc still in position and 
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held together by their connecting ligament. A some- 
what peculiar variety of Echinus splkera, 0. F. MULLER, 
was met with in one of the Fjords associated with a 
large form of E.$enzingii, BALL ; and what appears to 
be a small form of Cuczcnaaria frondosa, GUNNER, was 
very common in shallow water on the tangles. 

While we were lying in Thorshavn harbour the 
Danish gunboat ' Fylla ' and the French steam trans- 
port ' L'Orient ' came in on their way from Iceland. 
Both of the vessels from the north had come through 
bad weather, and were glad to run into shelter. During 
the stay of the three mar-ships the little capita.1 was 
quite gay, and the Governor had abundant opportunity 
of exercising his genial hospitality. On the 26th of 
August, as the barometer rose a little and there 
seemed to be some slight sign of improvement, we 
left Thorshavn and steamed southward to dredge if 
possible in the deep channel between Fibroe and Shet- 
land ; but the same evening wild weather set in again 
with a strong gale of wind from the north-westward, 
and the barometer down to 29.08. The hook and 
screw-jack fastenings of the main rigging went one 
after another, and we narrowly escaped losing the 
mast. The gale lasted till the 29th, when there was 
rather better weather ; and after lying-to and drifting 
to the north-east for nearly three days, we took a 
sounding in lat. 60" 45' N., long. 4" 49' W. (Station 6). 
This gave a depth of 610 fathoms and a bottom tem- 
perature of 0°C. On the evening of the 29th and 
on the 30th the weather was sufficiently moderate to 
allow us to work our dredging gear, and the first 
trials were of great interest., as it was our first oppor- 
tunity of making the attempt in so great a depth of 

a .  
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water. The operation seemed however to present no 
special difficulty, and nearly every haul was success- 
ful. The bottom was sand and gravel, mostly derived 
from the disintegration of the old rocks of the Scottish 
plateau. Animal life was not abundant, but several 
groups were fairly represented. Sandy rhizopods of a 
large size were numerous, and there were several con- 
spicuous crustaceans and echinoderms, among the latter 
an example of Astropeclen teizuispinus, of a brilliant 
ecarlet colour, which came up entangled on the line. 

On the 31st bad weather set in again, and we could 
neither sound nor dredge. On the 1st of September 
we got one temperature sounding in 560 fathoms with 
- Y.2 C., but could do no work. 

The next day, September 2, was more moderate, 
and we dredged all day at a depth of only 170 fathoms 
over a very restricted shoal, which, singularly enough, 
we could not find when we sought for it the year 
after in tho cPorcupino.’ Here we found animal 
lif‘e abundant and varied-a mixture of Celtic and 
Scandinavian forms. The bottom was chiefly small 
rounded pebbles of the dark ananiesite of the F&roes: 
and sticking to  them, singly or in little groups like 
plums on their stems, were many large specimens 
of the rare brachiopod Ferebratda cra?&m, 0. P. 
MULLER, along with abundance of the commoner form 
Terebratulina cuput-seiyerntis, L. 

The following day, September 3, we were again in 
deep water, about 500 fathoms, with a bottom tem- 
perature a little below the freezing-point, the thermo- 
meter at the surface giving 1V.6 C. Here we took 
representatives of many invertebrate groups-rhizo- 
pods, sponges, echinoderms, crustaceans, and molluscs; 

P 



among them a magnificent specimen of a new star- 
fish which has been since described by M. G. 0. Sars 
under the name of Brisinoa coronata (Fig. 5) .  The 
genus Brisinga was discovered in 1853 by M. P. Chr. 
Absjornsen, who then dredged several specimens of 
another species, B. endecacnemoe, ABSS., at a depth 
of 100 to 200 fathoms in the Bardangerfjord on 
the Norway coast a little to the south of Bergen. 
These are certainly very wonderful creatures. At 
first sight they look intermediate between ophiurids 
and star-fishes, the arms too thick and soft for the 
former, but much more long and delicate than we 
usually find them in the latter group. 

The disk is small, about 20 to  25 mm. in diameter ; 
in B. endecacnemos nearly smooth, in B. coronata 
covered with spines. The madreporiform tubercle is 
on the dorsal surface close t o  the edge of the disk. A 
firm ring of calcareous ossicles forms and supports the 
edge of the disk, and gives attachment to the arms. 
The arms are ten or eleven in number: the latter 
number is prohably abnormal. They are sometimes 
as much a8 30 centimetres in length; narrow at the 
base, where they are inserted into the ring ; enlarging 
considerably towards the middle, where the ovaries are 
developed; and tapering again to the end. Rows of 
long spines border the ambulacral grooves ; the spines 
are covered with a soft skin, which, when the animal is 
quite fresh, forms a little transparent, sack-like expan- 
sion full of fluid a t  the end of each spine. The soft 
covering of the spines is full of small pedicellariae, 
and pedicellarize are likewise scattered in groups over 
the surface of the arms and disk. 

The arms in 23. endecacitentos are nearly smooth, 





ribbed transversely here and there by slightly raised 
calcareous bands passing irregularly partly or wholly 
across them. I n  R. coronata these ridges are sur- 
mounted by crests of spines. Both species are of 
a rich crimson colour, passing into orange-scarlet. 
The arms are easily detached from the disk. We 
never got one of either species nearly entire, but even 
coming tip in pieces they were certainly the most 
striking objects we met with. One was sufficient to 
give a glorious dash of colour to  a whole dredgeful. 
“Le nom Brisinga est dhriv6 d‘un bijou brillant 
(Brising) de la dBesse Freya,” which brings a pleasant 
flavour of Scandinavian heathendom about it. ‘‘ J’ai 
trouvB cette Rst6rie brillante S Hardangerfjord b l’aide 
du dredge ?L la fin du mois d’aoht 1853, S la profon- 
deur de 100 h 200 brasses, oh elle Btait placke sur le 
plan lateral et perpendiculuire d’une montagne, qui 
semblait descendre de 80 h 90 brasses jusqu’b 200 
brasses et mbme de plus. Elle se trouve bien rare- 
ment ; en draguant plus de huit jours avec beaucoup 
d’assiduitd dans la m h e  localit6 et dans les environs 
je trouvais seulement quelques bras, et quelques indi- 
vidus plus ou moins grands, dont le plus petit entre 
les pointes des bras oppos6s avait une grandeur de G 
pouces, le plus grand environ 2 pieds de diambtre. 
Aucun d’eux n’8tait sans btre endommag6 ; l’animal 
est extremement fragile et semble, comme les coma- 
tules et quelques esp&ces d’ophiolepis et d’ophiotrix, 
B cause de la pfession diminuante de l’eau, tire vers 
la, surface, par un effort vigoureux, se dBfaire de ces 
bras, qui toujours se dbtachent h l’endroit oh ils sont 
unis avec l’anneau du disque. Le surpois du bras en 
compwaison du disquc tr&s petit., et la grandeur con- 



sidkrable de l'animal, augmcnte aussi les difficult6s 21 
le faire sortir du dredge sans &re dNiir6. Quoiqua 
je fusse assez heureux pour le stlisir avant qu'il sortait 
de l'eau, et malgr6 toute la prkcaution possible, je 
rkussis seulement 8, conserver deux disques d'une paire 
de bras fermes, mais ?L ceux-ci meme le peau &nitr 
rompue. Quand l'animal est coinplet et coli6i*ent, 
ainsi que j e  l'ai vu une ou deux fois sous l'eau dans 
le dredge, il est vkritablement un exeniplaire de luxe, 
une ' gloria maris.' 

The bad weather was unrelenting, and again inter- 
rupted us for a couple of days: we got a sounding 
lionwer on the 5th of September, in lat. GO" 30' N. 
and long. 7" 16' W., with no bottom at 450 fathoms 
and a minimum temperature about the freezing-point. 
It  will be seen by the chart that the last five stations, 
Kos. 7 to II, form an oblique line from south-east to 
north-west between the northern part of Orkney and 
the F&roe Bank. The bottom is throughout a mixture 
of gravel and sand, with patches of mild ; Nos. 7 and 8 
principally the dbbris of the metamorphic rocks of 
the north of Scotland; Nos. 9, 10, and 11 chiefly 
volcanic, the detritus of the F&oe traps. This line 
of soundings is entirely within what we afterwards 
learned to call the ' co!d area,' the thermometer for 
dep th  below 300 fathoms indicating a temperature 
slightly above 01' below 0" C.. 

As we mere now again spproacliiiig the F&roe 
fishing-banks, we shaped our course southwards, and 
on the morning of Septeinber Gth we sounded and 

1 Description d'un Nouvcnu Genre des AstBries, par P. Chr. Abs- 
jornsen, in  " Faunn littoralis Rorvegiro," by Dr. M. Snm, J. Koren, 
and D. C. nnnielssen, Seconde Livrnison. Bergen, 1856, p. 9G. 



dredged in lat. 59" 3G', long. 7" 20' (Station 12), with a 
depth of 530 fathoms and a 'warm area' temperature 
of 6"*4 C. The dredging liere was most interesting. 
The bottom was for the Grst time ' Atlantic ooze,' a 
fine bluish-grey tenacious calcareous mud, with some 
sand and a considerable admixture of Globiyerim. 
Imbedcled in this mud there came up an extraordinary 
number of silicious sponges of most remarkable and 
novel forms. Most of these belonged to an order 
which had been described by the writer a couple of 
years before as ' Porifera vitrea,' a tribe at that time 
but little known, but which have since become very 
familiar to us as denizens of the abyssal zone. 
Working from more extended data, Professor Oscar 
Schmidt afterwards defined the group more exactly 
as a family, under the name of LTexactineZZida!-the 
term which I shall liere adopt. 

The relations and peculiarities of this singular 
group will be fully discussed in a future chapter. 
The most characteristic forms which we met with on 
this occasion were the beautiful sea-nests of the 
Setubal -shark-fishers, Doltenia ccwpenteri, WY. T. 
(Fig. G I ,  and the even more strange HyaZonenzn 
Zzisituniczcnz, BARUOZA DE BOCAGE, closely related to 
the glass-rcpe sponges of Japan which have so long 
pcrplexed naturalists to determine their position in 
the animal series, and their relation to their constant 
companion the parasitic PaZpthou. 

€ZoZtennin caipelzteri is an oval or sphere 90 to 100 
mm. in height, with one large oscnlar opening at the 
top about 30 mm. in diameter, whence a simple 
cylindrical cavity cupped at the bottom passes down 
vertically into thc substance of tlie sponge to the 



CHAP. 11.1 Y'lfL CIWISE OF l"J% LIQIJTNIIrG.' i l  

depth of 55 lam. The outer wall of the sponge 



72 I'IIB DEPI'HS OF THE SEA. [clfar. 11. 

heads of five-rayed spicules. One ray of each 
spicule dips directly into the body of the sponge, 
and the other four, which are at right angles to it, 
form a cross on the surface, giving it a beautiful 
stellate appearance. The silicious rays of one star 
curve towards and meet the raps of the neiglibouring 
stars, and run parallel with them. All the rays of 
all the spicules are thickly invested with consistent 
semi-transparent gelatinous matter, which binds their 
concurrent branches together by an elastic union, 
and fills up the angles of the meshes with softly 
curved viscous masses. This arrangement of the 
spicules, free and yet adhering together by long 
elastic connections, produces a strong, flexible, and 
very extensible tissue, The cylindrical oscular cavity 
within the sponge is lined with nearly the same kind 
of network. 

When the sponge is living, the interstices of the 
silicious network are filled up both outside and in with 
a delicate fenestrated membrane formed of a glairy 
substance like white of egg, which is constantly 
moving, extending or contracting the fenestrae, and 
gliding over the surface of the spicules. This 
' sarcode,' which is the living flesh of. the sponge, 
contains distributed tlirougli it an infinite number 
of very minute spicules, presenting the most sin- 
gular and elegant forms very characteristic of each 
species of sponge. A constant current of water 
carried along by the action of cilia passes in by 
apertures in the outer wall, courses through the 
passages in the loose texture of the intermediate 
sponge-substance carrying organic matter in solution 
and particles of nourishment into all its interstices, 
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and finally passes out by the large osculum ’ at the 
top. Over the upper third of the sponge a multitude 
of radiating rigid silicious spicules form a kind of 
ornamental frill, and from the lower third a perfect 
maze of delicate glassy filaments, like fine white hair, 
spread out in all directions, penetrating the semi-fluid 
mud, and supporting the sponge in its precarious bed 
by increasing its surface indefinitely while adding 
but little to its weight. 

This is only one of the ways by which sponges 
anchor themselves in the ooze of the deep sea. 
Hyaloizenza sends right down through the soft 
mud a coiled wliisp of strong spicules, each as thick 
as a knitting needle, which open out into a brush 
as the bed gets firmer, and fix the sponge in its place 
somewhat on the principle of a screw pile. A very, 
singular sponge from deep water off the Loffoten 
Islands spreads into a thin circular cake, and adds 
to its surface by sending out a flat border of silky 
spicules, like a fringe of white floss-silk round a 
little yellow mat ; and the lovely E?bplecteZZu, whose 
beauty is imbedded up t o  its fretted lid in the grey 
mud of the seas of the Philippines, is supported by 
a frill of spicules standing up round it like Queen 
Elizabeth’s ruff. 

The sponges of the deep-water ooze are by no 
means confined to one group. The Bexactinellidw 
are perhaps the most abundant, but corticate sponges 
even, closely allied to those which look SO rigid wlieii 
fixed to stones in shallow water, send out long anchor- 
ing spicules and balance themselves in tho soft mud 
(Pig. 7 ) ;  and off the coast of Portugal Mi*. Gwyn 
Jeffreys clredged in 1870 several small forms of 
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the HaZicholzdridG, with long supporting fibrous 
beards . 

From its appearance when brought up Boltelzia 
evidently lives buried in the mud to  its upper fringe 
of spicules. When freshly dredged, it is loaded with 

pale grey semi-fluid sarcode, full of G lobigei*ilze, 
Tdoculinc, and other rhizopods, and covered in our 
northern localities with the little ophiurid Amphiu~*a 
afiyssicolrt, SARS, and the exquisitely delicate trans- 
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parent clam, Pecten vitrezls, CHEMNITZ. Eoltenia 
extends from the Butt of the Leas to Gibraltar, in 
from 600 to 1,000 fathoms. Mr. Saville Kent, 
dredging in Mr. Marshall Hall’s yacht ‘Noma,’ found 
a, singular variety off the coast of Portugal, which 
from its flatter, more hemispherical form, and more 
rigid anchoring spicules, probably inhabits a firmer 
medium.’ 

As might be expected, the Atlantic ooze of this 
station, rich in rhizopods giving an ample supply of 
food, and with a comparatively mild climate, yielded 
many living forms belonging to  various orders. Along 
with GZobigerina and other small forms there were 
many large rhizopods, among them Rhabdummina 
abyssorum, SAILS, a singularly regular triradiate sandy 
form of a bright orange colour, and very hard ; from 
analyses made by Dr. Williamson at the request 
of Dr. Carpenter, its hardness is apparently owing to  
the cement employed by the animal in the construc- 
tion of its case containing phosphate of iron, the only 
instance of the use of this substance for such a 
purpose of which we are yet aware : Astroritiza 
Zimicolu, SALNDAHL, a large irregularly -formed rhizo- 
pod with a soft test of mud and sand: many large 
Cornuspi?*@ and l’extularia, and large Bi- and Bi- 
Zoculince and other miliolines : a few zoophytes, and 
especially common the curious sea-pen Kophobelenz- 
mon miilleri, SARS, and the fine branching coral, 

1 On the I-Iexnctinollida?, or Hexradiate Spiculed Silicious Sponges, 
taken in the ‘Xorna’ Expedition off the coast of Portugal; with 
Description of X e w  Species and Rovieion of the Ordor. By W. Saville 
Kent, F.L.S., F.R.M.S., of the Geological Department, British 
Museum. (Monthly Microscopic Journal, Novembor lst, 1870.) 
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Lophohelia proZ$era, PALLAS : among Echinoderms 
some beautiful varieties of Echinus norvcgicus, D. and 
K., E. eZegart8, D. and K., Ophiocten sericeunz, FO~~BES,  
and OThiacantha spinulosu, M. and T., which seems to 
be universal in deep water, and the curious little 
crinoid Rltizocriws Zofotensis, SARS, which will be 
described hereafter : some remarkable crustaceans, 
including as one of the most prominent a scarlet 
Munidc6 with remarkably large brilliant eyes, of the 
colour and lustre of burnished copper. 

We now piloceeded towards Stornomay, which we 
reached on the 9th of Septeniber, dredging on our  
way in shallowing water, and still meeting with in- 
teresting things such as Antedon celticus, BARRIWT, 
collected previously by Mr. Gnyn Jeffreys on the 
coast of Ross-shire ; abunda.nce of 'the piper,' Cidaris 
papillata, LESRE, until lately one of the prizes of the 
British collector, nom ltnowu to be perhaps the 
most abundant of the larger living forms at  depths 
i'rom 250 to 500 fathoms in the British seas. 

I mas 
unfortunately obliged to  return to my duties in 
Dublin ; but as the results already obtained led Dr. 
Carpenter strongly to desire an opportunity of 
examining both the temperature and the animal life 
of still deeper waters, i t  was thought by him and 
Captain May that, notwithstanding the lateness of tho 
season, it would be worth while to venture another 
short cruise in a westerly direction, where it was 

' known from previous soundings that the depth vas 
beyond 1,000 fathoms. Accordingly, after re-fitting, 
an operation which in some respects was sorely 
ncedecl, and restoring as far as possilde tlic lost dredg- 

The weather now looked more promising. 
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ing gear, tlie Lightning’ once more steamed out of 
Stornoway Harbour on the 14th of September. 

After a fine run of 140 miles in a north-westerly 
direction from the Butt of the Lews,*a sounding was 
taken on the morning of Septemher 15th, in lat. 
69” 69’, long. 9” 15’, with a bottom of Atlantic ooze, 
at a depth of 650 fathoms (Station 14). Still running 
north-westward sixty miles further, another sound- 
ing was taken on tlie 18th, at 570 fathoms, when the 
scoop of the sounding instrument brought up scarcely 
anything but entire Globigei*iiza?, like the finest sago. 
Fifty miles further, in the same direction, bottom 
was found at 660 fathorns; but on this occasion 
the sounding-lead and three thermometers were 
unfortunately lost in hauling up, so that the tcm- 
perature was not ascertained. A haul of tlie dredge 
was taken, however, at this great depth, 120 fathoms 
deeper than at any of the previous stations, perfectly 
successfully, the dredge bringing up 2; cwt. of very 
viscid greyish white mud. The mud was everywhere 
traversed by the long glassy root-fibres of anchoring 
sponges, and about 50 fathoms from the dredge there 
were two white tufts of such fibres sticking to the 
rope, no doubt pulled off the ground, as they en- 
tangled in their meshes some ophiurids, some small 
crustaceans, and one or two tube-forming annelids. 
In the mud was a remarkable sea-pen, which Pro- 
fessor KGlliker, who has undertaken the description 
of such things procured in our several expeditions, 
refers to a new genus under the name of Bntliy- 
ptiliiiiz cnqmifei*i,  and some large foraminifera. 
Dr. Carpenter now stood due north, wishing to get 
into the deep trough between the Hebrides and 
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Rockall, and on the morning of September 1’7th 
sounded at a depth of 620 fathoms,. in lat. b9” 49’, 
long. 12” 36’, with a ‘ warm area ’ temperature. 

The weather‘now again broke, became too un- 
favourable for work, and grew worse until the fore- 
noon of the 20th, when st. Kilda was in sight and it 
was blowing a strong gale with a heavy sea. At day- 
light on Monday the 21st off Barra Head the south 
point of the Hebrides, a fresh easterly wind blowing 
the barometer low and appearances suspicious, Capt. 
May did not deem it advisable to stand to  sea again. 
He therefore, after consultation with Dr. Carpenter, 
determined to conclude the work, proceeded down the 
Sound of Mull, and anchored at  Oban on the same 
afternoon. 

At Oban Dr. Carpenter and his young son, who 
had manfully borne uo little hardship and helped to 
lighten the evil times to his seniors, went on shore 
and proceeded southwards by land. 

After lying n 
couple of days at  Oban, Captain May started for 
Pembroke on the 24th September. On the 25th 
off the Calf of Man, the barometer having suddenly 
fallen and the wind and sea fast rising, he determined 
to run for Holyhead, when suddenly, without increase 
of wind and in a roll not heavier than usual, the whole 
of the weather fore-rigging went by the straightening 
or breaking of the iron hooks which held it. Luckily 
the mast did not fall, and after an holm spent in tem- 
porarily repairing it the ‘ Lightning ’ proceeded on 
her course and anchored in the new harbour of 
Holyhead about 6 P.M. 

The general results of the ‘ Lightning ’ expedition 

Her fate pursued the ‘Lightning.’ 
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were upon the whole as satisfactory as we had ventured 
to anticipate. The vessel was certainly not well suited 
for the purpose, and the weather throughout the cruise 
was very severe. During the six weeks which elapsed 
between our departure from Oban and our return only 
ten days were available for dredging in the open sea, 
and on four of these only we were in water over 600 
fathoms deep. On our return Dr. Carpenter submitted 
to the Royal Society a preliminary report on the 
general results of the cruise, and these were regarded 
by the Council of the Society as sufficiently new and 
valuable t o  justify a strong representation to the 
Admiralty urging the importance of continuing an 
investigation which had already, even under unfavour- 
able circumstances, achieved a fair measure of success. 

It had been shown beyond question that animal 
life is varied and abundant, represented by all the 
invertebrate groups, at depths in the ocean down to 
650 fathoms at least, notwithstanding the extra- 
ordinary conditions to  which animals are there 
exposed. 

It had been determined that, instead of the water 
of the sea beyond a certain depth varying according 
t o  latitude having a uniform temperature of 4p C., an 
indraught of Arctic water may have at  any depth 
beyond the influence of the direct rays ofitihe sun a 
temperature so low as - 2” 0.; or on the other hand, 
a warm current may have at any moderate depth a 
temperature of 6O.6 C. : and it had been shown that 
great masses of water at different temperatures are 
moving about, each in its particular course; main- 
taining a remarkable system of oceanic circulation, 
and yet kecping so distinct from one another that 
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an hour's sail may be sufficient to pass from the 
extreme of' heat to the extreme of cold. 

Finally, it had been shown that it large proportion 
of the forms living at  great depths in the sea belong 
to species hitherto unknown, and that thus a new 
field of boundless extent and great interest is open 
to the naturalist. It had been further shown that 
many of these deep-sea animals are specifically identi- 
cal with tertiary fossils hitherto believed to be extinct, 
while others associate themselves with and illustrate 
extinct groups of the fauna of more remote periods; 
as, for example, the vitreous sponges illustrate and 
unriddle the ventriculites of the chalk. 
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THE CltUISES OF THE ‘PORCUPINE.’ 

The Equipnicnt of the Vessel.-The ’first Ciuise, under tho direction 
of Mr. Gwyn Jeffreys, o f  the West Coast of Ireland and in  tho 
Channel h twecn  Scotland and Rockall.-Dredging carried down 
to  1,470 fathoms.-Change of Arrengements.-Second Cruise ; to 
the Bay of Bhcay.-Dredging successful a t  5,435 futhoms.-Third 
Cruiee ; in  the Channel between F;jL;roe and Shetlt\nd.--The Fauna 
of the ‘ Cold Area.’ 

APPENDIX A. -Official Documents and Official Accounts of preliminary 
Proceedings in  connection with the Explorations in  H.M. Survey- 
ing-ressel ‘ Porcupine,’ during the Summer of 18G9. 

APPENDIX 13.-Particulars of Depth, Temperature, and Position at the 
various Dredging Stations of R.M.S. ‘ Porcupine,’ i n  the Summer 
of 1869. 

*,,* T ~ L C  bruckeled nwubcre to thc woodcuts in this cluq~ter refer lo the drcdgiirg 
slations oa Males II., III., and I V. 

ON the 18th of March, 1869, an oral communication 
was made by the Hydrographer to the Navy that the 
Lords Commissioners of the Admiralty had acceded 
t o  the wish of the Council of the Royal Society, and 
that H.M. Surveying-vessel Porcupine ’ had been 
assigned for the service. 

The equipment of the Porcupine’ progressed rapidly 
under the direction of her commander, Captain Calver, 
with the careful superintcndence in all matters bearing 
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iipon the efficiency of the scientific appliances, of 
Dr. Carpenter assisted by a committee composed 
of the officers and :I few of the members of the Royal 
Society. The ' Porcupine,' though it small vessel, was 
well suited for the work ; thoroughly scaworthy, very 
steady, and fitted up for surveying purposes.. Captain 
Calver and his oEcers had long been engaged in the 
arduous and responsible duty of conducting the sur- 
vey of the east coast of Britain, and were trained to  
minute accuracy and thoroughly versed in the use of 
instruments and in the bearings of scientific investi- 
gation. The crew were cliiefly known and tried men, 
Shetlanders who had spent inany successive summers 
in the Porcupine ' undcr Captain Calver's command ; 
returning to  their homes in Slietland for the winter, 
while the vessel was laid up and the officers employed 
in bringing up their office work at their head-quarters 
in Sunderland. 

The working of the dredge was superintended 
throughout By Captain Calver, whose tmined ability 
very early gave him so complete a mastery over the 
operation that he found no difficulty in carrying it 
down to depths at which this kind of exploration 
would have been previously deemed out oE the ques- 
tion. It is impossible to speak too highly of the skill 
he displayed, or too warmly of the sympathy he showed 
in our work. It is a pleasure to add that the otlier 
officers of the ' Porcupine,' Staff-Commander Inskip, 
Mr. .?avidson, and Lieutenant Browning, most heartily 
and zealously seconded their commander in promoting 
alike the scientific objects of the expedition and thc 
welfare and comfort of all who were engaged in carry- 
ing tlicin out,. 

G 2  



As it was intended that tlie exploration in the 
‘ Porcupine ’ in the summer of 1869 should occupy 
much more time, and if possible be much more 
thorough than that in the ‘Liglitning’ tlie year 
before, the preparations for the Porcupine ’ expedi- 
t ion were much more elaborate and comprehensive. 
The Committee of the Royal Society were desirous 
that various important questions as to the physical 
condition and chemical composition of the water at 
great depths should be investigated ; and the singular 
temperature results of the former cruise ably discussed 
by Dr. Carpenter in his preliminary report had excited 
so much curiosity and interest that their further elu- 
cidation was regaded as vieing in importance with 
that of the distribution and conditions of animal life. 
It was consequently decided that the naturalists clirect- 
ing the expedition should be accompanied bg assistants 
trained in chemical and physical work, and the chart- 
room of the vessel was fitted up as a temporary 
laboratory, with physical and chemical apparatus and 
microscopes. 

The vessel was available from the beginning of 
May to the middle of September, and as it was im- 
possible for those who had conducted the previous 
expedition to be absent so long from their public 
duties, it was resolved to have thi-ee separate cruises ; 
and Mr. C r w p  Jeffreys, F.R.S., whose co-operation 
was specially valuable from his thorough knowledge 
of the species and distribution of recent and fossil 
mollusca, was associated with Dr. Carpenter and 
myself, and undertook the scientific charge of tlie 
first cruise. 

Mr. Gwyn Jeffreys was accompanied by Mia. W. 
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Lant Carpenter, B.Sc., as chemist and physicist ; and 
during the first cruise they explored the west coast of 
Ireland, tlre Poi-cupine Bank, and the channel between 
Rockall and the coast of Scotland., It, was originally 
arranged that the second expedition, under the charge 
of the writer with the assistance of Mr. Hunter, 
M.A., F.C.S., assistant in the Chemical Laboratory in 
Belftast, in the physical department, should take up 
the ground to the north of Rockall, leading northwards 
to  the point where we had left off the year before; 
but‘ subsequently, for reasons which will be explained . 
hereafter, we altered our plan and took the second 
cruise in tlie Bay of Biscay. Dr. Carpenter took the 
direction of the last cruise, in which we carefully 
worked over the ‘ Lightning channel,’ and checked 
our previous observations ; Mr. P. Herbert Carpenter, 
our former companion in tlie ‘ Lightning,’ doing the 
analyses of water, and determining the amount and 
composition of its contained air; while I went as 
supernumerary and mado myself gencrally useful. 

The special appliances and apparatus which were 
prepared under Dr . Carpsnt er’s superintendence, after 
much coiisultation among experts in different depart- 
ments, for carrying out the various investigations, will 
be described, each in its place, when describing tlie 
several methods of iuvestigation and their general 
results. 

For the management of tlre dredging operations 
two assistants were appointed on the recommendation 
of Mr. Gwyn Jeffreys,-Mr. Laughrin, of I’olperro, 
an old coast-guard man and an associate of the Lin- 
nscan Society, for dredging and sifting ; and Mr. B. 
S. Dodd, for picking out, cleaning, and storing tlie 
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specimens procured. Both remained with us the 
whole summer. 

The first cruise of the ' Porcupine ' under the scien- 
tific charge of Mr. Gmyn Jeffreys commenced on the 
18th of May and ended on the 13th of July. It ex- 
tended for a distance of about 450 miles along the 
Atlantic coasts of Ireland and Scotland, from Cape 
Clear to Eockall; and included Lough Sivilly and 
Lougli Foyle and the North Channel to Belfast. 

The first dredgings were ,made about 40 miles off 
Valentia, in 110 fathoms water with a bottom of 
mud and sand. The result of this dredging gives a 
fair idea of the fauna of the 100-fathom line on the 
west coast of Ireland. The mollusca are mostly 
northern species, such as Nem*a vosti*uta, SPREKGLER; 
Perticoi*cliu ubyssicola, JEPFREYS ; Deih?iuna ahys- 
8omrn, SA i s  ; Buccinuiia humphwysioitzint, BENNETT ; 
and Plewotonzu ca~inutzcm, BIVONA. Some howevei*, 
as Ostrea cochleiw, POLI ; Apordmi's sewesiunus, 
MICIIAUD ; Muivx lanzellosus, CRISTOFORI and JAN ; 
and Trochus gmnulutzis, BoRN,-are Mediterranean 
forms, and impart somewhat of a southern character 
to the assemblage. Cidari.8 pupillatu, LESKE ; Eclti- 
9aus Tai*ispinu, G. 0. SARS ; E. elegans, D. and IC. ; 
Sputwngus i*aschi, L O V ~ N  ; and several varieties of 
Cccryophylliu borealis, FLEJZING, were abundant : 
hut these species seem to  aljouncl at a depth of from 
100 to  200 fathoms from tlic Ilediterraiiean to the 
North Cape. 

After coaling at Galway they procecded southwards, 
and as the weather mas very rough and unpromising 
they dredged in shallow water, from 20 to 40 fathoms, 
in Dingle Bay: and the next week, with improving 





weather, off Valciitis a i d  between Vdentia and 
Gdwny, a t  depths varying from 80 to  808 fathoms 
(Station 2), with a temperature at the latter depth of' 
5'4 C. The general character of' the fauna was that 
which we have liitherto been in the habit of regarding 
as Northern. Several interesting things ~vere met; 
with- Nwzi 266 lunzidzdu, MALM.; .LL'dn~.1:gida,ToltELL; 
lGe~ticorclic6 abyssicolcc, JEFFREYS ; and f l iphomdcda- 
limn qi~i~ipuungt.c la~e, FORBES. Among the echino- 
dcrms a multitude of the large forin of XcJtiizw iio1we- 

gicus, D. and IC., which I am now inclined to regard, 
along with several of its allies, as a mere varidy of 
A'. fleiizi?igii, BALL ; and tlic fine asterid already 
mentioned, B?*i~*iqn eoroizuta, G. 0. S A M .  Soine 
interesting crust aceans, including Gonop lax 9-h 0111- 
boides, TAB. (Fig. 8) a, well-known. Mediterranean 
species, and tl young specimen of Gcz.yoiz tyideus, 
KROYER (Fig. $I), a rare Scandinavian form, and the 
only known North Xuropeaii brachyurous crust acean 
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whicli liad not previously been tukeii in tbc British 
seas. 

Here the Miller-Casella thermometers were tried 
for the first time and compared with those of the 
ordinary construction. The miniinuin recorded by 
one of the former was 5 O . 2  C., while that recorcled by 
one of the best ordinary instruments of tile Hydro- 
graphic Office pattern was 7 O . 3  C. As this difference 
of 2" C. was almost exactly what the results of the ex- 
periment previously made had indicated as the effect 

of a pressurc of 1- ton on tho square inch, wliicli is 
about equal to the pressure of a column of sea-wafel* 
of 800 fathoms, this closc coincidence gave great 
confidence in the practical w~wlring of the protectecl 
instrument, a confidence whicli all subsequcnt ex- 
perience has fnlly justified. 

Mr. Gmyn Jeffrcys and his companions next pro- 
ceeded to examine the sea-bed between Galway an([ 
Po1-ciipine Bank, a shoal discovered rluriiiq one of 



the previous cruises of our little vessel under the 
command of :Lieut. Hoskyn, R.N. The deepest 
dredging of this excursion was 1,230 fathoins, with 
a minimum temperature of 3O.2 C., and a bottom of 
fine grey mud with a considerable admixture of 
sand. Animals were abundant even at this great 
depth : among the mollusca several new forms allied 
to Arca ; Trochus nainzctissimus, MIGHEL, a North 
American species ; and several others ; several crus- 
taceans, and many interesting foraminifera. As in 
previous dredgings in deep water, the miliolines were 
of very large size, and the large cristellariaus showed 
every gradation in their axis of growth from tlie 
rectilineal to the spiral.. In  the shallower dredgings 
ofthis cruise the qcneral character of the fauna was 
much the same as-before. It had what TT'O have been 
in tlie habit of considering a northern ‘facies,' but 
probably, as already explained, because the largely 
extended deep-water fauiia at a temperature of 
0" to  + 3"C., of which it forms a part, has liithcrto 
only been investigated off the coast of Scandinavia, 
where it. crops up within reach of observation. 

Limopsis azcrita, BnoccaI; A ~ c a  gZctciaZis, GRAY; 
Yerticordia abyssicoln, JEFFREYS; UelztuZium ubys- 
sowm, SARS ; Trocltzcs cinei'ezcs, DA COSTA ; &sus 
despectus, L. ; Z'. islandicus, CNEM. ; fcnestmtus, 
TURT ; Coltcnzbellu IiaZimti, JEFFREPS ; Cidaris pupil- 
Zatu, LESKE; -Echinus rLorvtyicus, D. and K.;  and 
Lophohelia prol$em, PALLAS, were found in these 
dredgings. 

The ' Porcupine ' next put into Killibegs Bay, on 
the north coast of Co. Donegal, and coaled there for 
hci* trip to Rockall. As it was anticipated that this 
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trip would require a clear fortnight, as much coal was 
stacked on deck as was considered prudent. 

The meat her 
was remarkably fine, and Nr.  Gwyn Jeffreys’ party 
found it possible t o  work the dredge during seven 
days at depths exceeding 1,200 fathoms, and on four 
days at less depths. The greatest depth achieved was 
1,476 fathoms (Station 21), and this dredging yielded 
rnollusca, a stalked-eyed crustacean with unusually 
large eyes, and a fine speciwen of Zolothui-ia trenzuta. 

The deep dredgings in this trip yielded an abund- 
ance of novel and most interesting results in every 
subkingdom of the invertebrates. Among the mol- 
luscs were valves of an imperforate brachiopod, with 
a septum in the lower valve, which SIP. Jeffreys 
proposes t o  name Atretiu gnomon Among the crus- 
tacea were-new species of the DiastylidE, and many 
forms of Ikopodcc, Anipltipoda, and Ostracocla, saveral 
of them new to  science. 

Two or three specimens were obtained at a depth 
of 1,215 fathoms (Station 28) of a very remark- 
able echinoderm belonging t o  the genus Pow- 
taZasia, 9. AG. All these specimens were appa- 
rently immature, .judging .by the condition of the 
ovaries. I have named this species provisionally 
PozwtuZesicc phictla. After careful consideration I 
liave come to the conclusion that it is not the 
young of a form of which we afterwards took a 
mature example in the cold area between Fgroe and 
Shetland (Station M), which will be described here- 
after. Fine corals were constantly dredged in the 
more moderate depths, particularly great living masses 
of Zophoilelia prol?&w (Fig. 30), with smaller tufts 

This cruise was entirely successful. 



of A@ildk ~ M Z ~ G G ,  and everywhere the several 
varieties of Cu~yopJqZlitz boceulis. 

The foraminifera, as before, vere remarkable for 
their size, and the same types mere predominant; 
hut species were here obtained for the first time of a 

peculiarly interesting Orbitolite, a type not hitherto 
discovered farthcr north than the Mediterranean, 
and there attaining a comparatively sinall size. 
Oi4itoZites tenzcissinms, CARPENTER MSS. (Fig. lo), 
is when complctc about the size of a, sixpence, and as 
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thin as paper. From its extreme tenuity and the 
ease with which the rings of chamberlets of which 
it is composed separate from one another, all our 
large specimens were more or less injured. All 
the chamberlets are on the same plane; this spe- 
cies therefore belongs to the c simple type’ of tlic 
genus, though the form of the chainberlets corre- 
sponds, as Dr. Caiyenter has pointed out, with those 
of the superficial layer in the complex type. Another 
peculiarity which Dr. Cargenter regards as of special 
importance in its general bearings, is that, instead of 
commencing with ti central ’ and circumambient ’ 
chamber like the ordinary Odilolites, this form com- 
mences with a spine of several turns like that of a 
young Cornuspim, thus showing the fundanwntal 
conformity of this cyclical type to the spiral plan of 
growth . I  

As I have already mentioned, it was the original 
intention to.devote the second cruise to the exploration 
of an area to the west o i  the outer Hebrides, between 
ltocltall and the south-western limit of last year’s 
work in the ‘ Lightning.’ During the first cruise 
liowever dredging hnds been carried down successfully 
to a depth of nearly 1,500 fathoms; and the result 
so far realized our anticipations, and confirmed the 
experience of last year. The conditions (to that 
3 mreat depth at all events) were consistent with the life 

Researches on tho Foranliiiifera. l’mt I. In  the Philosophical 
Transactions o€ tho Boyd Society of London for tho year 1855. 
P. 103 et se4. , 
’ 

By Willinm E. 
Carpenter, hl.D., F.R.S., F.T,.S., F.G.S., S;c. Publivlied for tho l b ~ y  
Socicty, 1862. 

Introduction to tho Study of tho Foraminifera. 

1’. 10G et sey. 
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of all the types of marine invertebrata; though 
undoubtedly in very deep water the number of species 
procured of tlie higher groups was greatly reduced, 
and in many cases the individuals appeared t o  be 
dwarfed. From these observations (which thoroughly 
corroborated those of Dr. V’allicli and others, about 
which there had been some difference of opinion on 
account of the imperfection of the appliances at the 
command of the observers), we concluded that prok- 
ably in no part of the ocean were the conditions so 
altered by depth as to preclude the existence of 
animal life,-that l i f i  had no bathymetrical limit. 
Still we could not consider the question thoroughly 
settled ; and when upon consultation with Captain 
Cnlver we found hiin perfectly ready to  attempt any 
depth, and from his previous experience sanguine of 
success, we determined to apply to the Hydrographer 
‘to sanction an attempt to dredge in the deepest sound- 
ings within our reach, viz. 2,500 fathoms indicated 
on the chart 260 miles west of Usliant. The deepest 
reliable soundings do not go much beyond 3,000 
fathoms; and we felt that if we could establish the 
existence of life, and if we could determine the  
conditions vitli accuracy down to 2,500 fathoms, the 
general question would be virtually solved for all 
depths of the ocean, and any further investigation of 
its deeper abysses would be mere matter of curiosity 
and of detail. The Hydrographer cordially acquiesced 
in this change of plan ; and on the 17th of July the 
‘ Porcupine’ left Belfast under the scientific direction 
of the writer ; M i .  Hunter, F.C.S., Chemical Assistant 
in Queen’s College, Belfast, taking char& of the 
examination and analysis of tlie sea-water. 
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The weather was very settled. On the Sunday, as 
we steamed down the Irish Channel there was nearly 
a dead calm, a Blight mist hanging over the water 
and giving some very beautiful effects of coast 
scenery. On the evening of Sunday the 18th we 
anchored for the night off Ballycottin, a pretty little 
port about fifteen miles from Queenstown, and 
dropped round to Queenstown on Monday morning, 
where we anchored off Haulbowline Island at 7 A.M. 
At Queenstown Mr. P. Berbert Carpenter joined 
Mr. Hunter in the laboratory, t o  practise under his 
direction the gas-analysis, which it had been arranged 
that he should undertake during the third cruise. 
Monday the 18th was employed in coaling and pro- 
curing in Cork some things which were required for 
the chemical department; and at 7 P.M. we cast off 
from the wharf at Haulbowline and proceeded on our 
voyage. 

During Monday night we steamed in a south- 
wksterly direction across the mouth of the Channel. 
On Tuesday we dredged in 74 and 75 fathoms on the 
plateau w-hich extends between Cape Clear and Ushant, 
on a bottom of mud and gravel with dead shells and 
a few living examples of the’generallp diffused species 
of moderate depths. The w3ather was remarkably 
fine, the barometer 30.25 in., and the temperature of 
the air 2 r . 5  C. 

On Wednesday, July 21, we continued our south- 
westerly course, the chart indicating during the earlier 
part of the day that we were still in the shallow 
water of the plateau of the Channel. At 4.30 A.M. 
we dredged gravel and dead shells in 95 fathoms, but 
towards mid-day the lead gave a much grcater depth ; 
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and in the afiernoon, rapidly passing over the edge 
of the plateau, we dredged in 725 fathoms with a 
bottom of muddy sand (Station 36). This is about 
the batliyinetrical horizon at which we find the 
vitreous Sponges in the northern area ; and although 
the bottom is here very different, much more sandy 
with but a slight admixture of globigerina ooze, we 
dredged a specimen, tolerably perfect though dead, 
of Aphrocallisfe~ bocagei, WRIGHT, a vitreous sponge 
lately described by Dr. E. Perceval Wright from a 
specimen procured by Professor Barboza de Bocage 
from the Cape-Verde Islands, and one or two small 
specimens of Holteizin carpentei*i, WY. T. The muddy 
sand contained a considerable proportion of gravel 
and dead shells. 
On Thursday, July 82, the weather was still re- 

markably fine. The sea was moderate, with a slight 
swell from the north-west. We sounded in lat. 47” 38 
N., long. 12“ 08’ W., in a depth of 2,435 fathoms 
(Station 37), when the average of the Miller-Casella 
thermometers gave a minimum temperature of 
2 O . 5  c. 

As this was about the greatest depth which wo hac1 
reason to expect in this neiglibourhood, we prepared 
t o  take a cast of the dredge. This operation, rather 
a serious one in such deep water, will be described 
in detail in another chapter. It was perfectly SUC- 

ccasful. The dredge-bag which was safely hauled 
on deck at 1 o’clock on the morning of the 23rd,, 
after an absence of 7% hours and a journey of up- 
wards of eight statute milos, contained 16 cwt. of 
very characteristic grey chalk-mud. Tho dredge 
appeared to liavc dipped rstlier deeply into thc 
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soft mud, as it contained amorphous paste with but 
a small proportion of fresh sliells of Globiprina 
and Orbrdinu. There was an appreciable quantity 
of diffused amorphous organic matter, which we 
were inclined to regard as connected, whether as 
processes, or ' mycelium,' or germs, with the various 
shelled and shell-lcss Protozoa, mixed very likely 
with the apparently universally distributed moner 
of deep water, Batlzgbius. 

On careful sifting, the ooze mas found to contain 
fresh examples of each of the Invertebrate sub-king- 
doms. When examined at  daylight on- the morning 
of the 23rd none of these were actually living, but 
their soft parts were perfectly fresh, and there was 
ample evidence of their having been living when they 
entered the dredge. The most remarkable species 
were : - 

Mo~~usc~.-DeiztaZiun2, sp. n., of large size. 
Pecten feitestratus, FORBES, a Mediterranean 

Dacrydium vitreuvz, TOILELL ; Arctic, Norwegian, 

Scrobicula,ria nitida, MULLER ; Korwegian, 

Necera obesa, LOVEN ; Arctic and Norwegian. 

species. 

and Mediterranean. 

British, and Mediterranean. 

CRUSTACEh.--dnO?Z$X: hoibOilii, I'hOYICR (=a. den- 
liculutus, BATE), with the secondary appendage 
of the upper antennz longer and inore slender 
than in shallow-water specimens. 

Anzpelisca cepuicoiwis, Bnuzc 'LIUS. 
Mu12na, sp. n. 

iiot yet lieen dcterinincd. 
One or two A N N N L I ~ I ~ S  mid GEPIIYBEA, which liave 
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ECHINODERMATA.- OJlhiOCtelz SCl'iCeU112, PORBXS ; 
several well-grown specimens. 

This seems t o  be a 
very widely distributed species; me got it in 
almost all our deep dredgings, both in the 
warm and in the cold areas. 

A remarkable stalltcd crinoid allicd to Rhizoci*inzts, 

POLYZO A.--Sa licorlzaria, sp. n. 
CCELENTERATA. - Two fragments of a hydroid 

zoophyte. 
PnoTozoA.-Numerous foraminifera belonging t o  

the groups already indicated as specially cliarac- 
teristic of these abyssal waters; together with a 
branching flexible rhizopod, liaving a chitinous cortex 
studded with globigerinae, which encloses a sarcodic 
medulla of olive-green hue. This singular. oi*ganism, 
of which fragments had been detected in otlier dredg- 
ings, here presented itself in great diundance. 

One or two small SPOKGES, which seem t o  be 
referable to a new group. 

On Friday, July 23, we tried another haul at the 
same depth ; but wlien the dredge came up at  1.30 P.X. 

it was found that the rope had fouled and lapped right 
round the dredge-bag, and that there was nothing in 
the dredge. The dredge was sent down again at 3 P.M., 
and wa6 brought up at  11 P.N., with upwards of 
2 cwt. of ooze.--VTTe got from tliis haul a new 
species of Fletwotoiim a i d  o w  of Deiztaliuiii ; 
8ci*obiculal'ia Izitidu, ~lULLER ; ~ucl~,ycfiiunt vi~l*cun1 , 
TORELL ; Ophincuntl~cc qiiiaulosn, M. and T. ; and 
Ophiocten kroyeri, LUTICEX ; with a few crustaceans 
and many foraminifera. 

Echinocucuniis typica, SARS, 

but presenting some very marlced differences. 

11 



I n  both of these last deep dredgings the dredge 
brought up a large number of extremely bcautiful 
Polycystina, and some forms apparently intermediate 
between Polycystirza and Sponges, which ~4 . l  be 
described shortly. These organisms did not seem t o  
be brought from the bottom, but appeared to be sifted 
into the dredge on its way up. They were as numerous 
adhering to the outside of the dredging-bag as within 
it. During the soundings taken near this locality 
quite a shower of several beautiful species of the 
Polyqstina and Acanthomet;-inc~ fell upon the chart- 
room skylight from the whole length of the sounding- 
line while it was being hauled in. 

We were now steaming slowly back towards the 
coast of Ireland; and on Monday, July 26, me 
dredged in depths varying from 557 t o  684 fathoms 
(Stations 39-41> in ooze, with a mixture of sand and 
dead shells, In these dredgings we got one or two 
very interesting alcyonarian zoophytes, and several 
ophiurideans, including Ophiothrix f l a g i l k ,  Amphiwu 
ballii, and Ophiacantha spimloscc. Many of the 
animals were most brilliantly phosphorescent, and we 
were afterwards even more struck by this phenomenon 
in our northern cruise. In some places uearly every- 
thing brought up seemed t o  emit light, and the mud 
itself was perfectly full of luminous specks. The 
alcyonarians, the brittle-stars, and some annelids 
were the most brilliant. The Panizatzclce, the Yivgu- 
Eurice, and the Gopgouice shone with a lambent white 
light, SO bright that it showed quite distinctly the 
hour on a watch ; while the light from Ophiucunthu 
spinzdoscc was of a brilliant green, coruscating from 
the centre of the disk, now along one arm, now along 
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another, and sometimes vividly illuminating the whole 
outline of the star-fish. 

On the 27th we dredged in 862 fathoms (Station PZ) ,  
the weather being still very fine, and the sea quite 
smooth. The bottom was ooze, with sand and dead 
shells. Among the Mollusca procured were a new 
species of Pleuroiaectia, Leda a2iyssicola (Arctic), Ledn 
messinensis (a Sicilian tertiary fossil), De)ittalim 
gigas (sp. n.), Siphonoclentaliunz (sp. n.), Cedhiunz 
nzetula, Anzuzciw (sp. n.), Columbellu haliaxti, Cylichiia 
pzpamiciuta (Norwegian and Mediterranean), and 
many dead shells of Cuvoliiza trispinosn. These 
latter were very common in all the noi*tlierii dreclg- 
ings, though we never saw a living specimen on tho 
surface. 

During the afternoon we took a series of inter- 
mediate temperatures, at intervals of 50 fathoms, f r o u  
the bottom at 862 fathoms to the surfwe. 

On the 28th we dredged in 1207 fkthoms (Station 
43), with a bottom of ooze. A large Fitszu of a new 
species (R uttenzculus, Jeffreys) was brought up alive, 
with two or three Cqiltyrea, and an example each of 
Ojihiocteiz sei*iceum and ~cl~i~zocuczc4llis~c~~mis @pica. We 
again dredged on the 29th and 30th, gradually draw- 
ing in towards the coast of Ireland in 865, 458, 180, 
and 113 fathoms successively (Stations 44, 45). In 
458 fathoms (Station 45) we procured a broken 
examplo of Brisi??ga endecac~zemos, previously taken 
by 3%r, Jeffreys off Yalentia, and a number of 
interesting Mollusca ; and in 468 and 110 fathoms 
(Stations 45 a d  4 5 ~ )  an extraordinary abundance of 
animal life, iiicluding many very interesting forms- 
Bentriliztnt cilyssoruw, Apowliuis sei*resict~ii~s, Solurittm 

11 2 
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fullaciosuna, Fusus fenestratus, with abundance of 
Curyophylliu Borealis, and all the ordinary deep- 
water forms of the region. 

The last station, 45a, gave us a most singular as- 
semblage of Oplkwideuns. Ophi~glyplm lacertosa 
was in large numbers and of extraordinary size, and 
associated with it were two most conspicuous species, 
new to science; one a large species of Ophiothrix, 
coming near 0. fragilis, but of much larger size; 
the disk in the larger specimens 25 mm. in 
diameter, and the span from tip to. tip of the rays 
275 mm. The colours of the disk are very vivid, 
purple and rose; and all the plates of the disk, and 
thc dorsal plates of the arms, are studded with 
delicate spines. Notwithstanding its totally different 
aspect, I had a misgiving that this might yet prove 
only an extreme variety of 0. fkhqilis. My friend 
Dr. LUTKEK, however, protests that it is totally 
distinct. On such a question I bow to  his authority, 
and dedicate it to him, doubts and all, under the name 
of 0phio th ix  liitlceni. The second novelty was a fine 
species of Ophionmsiusn. 

About mid-day on Saturday, the 31st of July, we 
steamed into Queenstown. Having coaled at Haul- 
bowline on Monday, the 2nd of August, we were 

Belfast, after a 
ehanuel, on the 

moored in the Abercoru Basin, 
pleasant return passage up the 
eveniug of Wednesday, the 4th. 

As it wa,s necessary that her )oilers should be 
thoroughly cleared out after having been so long a t .  
sea, the ‘Porcupine’ did not leave Belfast till 
Wednesday, the 11th of August; whcn she pro- 
ceeded to Stornoway, her final port of departure. 



The scientific staff consisted of Dr. Carpenter, 
Mr. P. Herbert Carpenter (who had gone through his 
apprenticeship in making analyses under unfavourable 
circumstances in the former cruise with Mr. Eunter, 
and mas now prepared to undertake this task on his 
own account), and myself; and our intention was, in 
amorchance with our original programme, to go care- 
fiilly over again the region which JVC had examined 
in the Lightning,’ to test with better appliances and 
more trustworthy instruments the singular distri- 
bution of temperatures in the warm’ and ‘ cold ’ 
areas, to map out as accurately as we could the 
paths of the warin and cold currents, and to deter- 
mine the influences of these currents upon the 
character and distribution of animal life. 

We left Stornoway on the afternoon of Sunday 
the 15th of August, and made straight for the scene 
of our most successful ‘ warm area ’ dredging of the 
year before. We were equally successful on this 
occasion, and procured several good specimens of 
Eoltenia, and a beautiful series of Vyalonema, ranging 
from 2 mm. in length up to  30 and 40 centimetres, 
and thus giving all the stages in the development of 
the wonderful ‘glass rope,’ and proving to demon- 
stration its relation to the body of the sponge- 
Dr. J. E. Gray’s so-called Cwteria. 

The most interesting novelty however which re- 
warded us was a very fine Echinid belonging to the 
Cidarida? to which I had given the name ,PorocicZaris 
purpurata (Fig. 11). I believe I am justified in 
referring this handsome species to the genus Poroci- 
daris, although in it the special character is absent 
on which that genus was founded by Desor. Some 
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‘ radioles,’ as tlie fossil spines of Cidarites are usually 
called, presenting a very marked character, had been 
found in various formations from the lower oolite 
upwards. These spines are paddle-shaped, compressed, 
longitudinally grooved, flattened almost into plates, 
and strongly serrated on the edges. In  the nummu- 
litic beds of Val-Dominic0 near Verona such spines 
mere found associated with plates much resembling 
those of Ciduris, but with the unique peculiarity bf a 
row of holes penetrating the test in the areolar space 
round the primary tubercle. This character our new 
Urchin does not possess, but the radioles have the 
flatness, the longitudinal striz, and the serrated edges 
of those of P o ~ o c i d a ~ i s .  

I do not attach much importance to the perfora- 
tions in the plates, From Desor’s figures they are 
not round and de5ned in outline, but lengthened and 
somewhat irregular, and they radiate from the in$er- 
tion of the spine. Our species has a set of depres- 
sions occupying the position of these perforated 
grooves which are iindoubtedly for the insertion of 
the muscles moving the large long spines, and as the 
test is thin these grooves might readily penetrate the 
plate, or so nearly penetrate it as to be worn into 
holes by very little drifting or wear. 

Our recent species and the eocene form have 
another character in cominon ; the areolar circles 
are not well defined, and the areole tend t o  become 
confluent . 

Scattered plates only of this genus have been 
found fossil, and tlie ovarial plates were till now 
unknown. They present a very singular character, 
which is certainly of generic value. The ovarial 
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aperture does not penetrate the plate, but perforates 
a membrane which fills up a diamond-shaped space, 
one-half of vhich is cut out of the outer edge of the 
ovarial plate in the form of a large triangular notch, 
while the other half is formed by a separation into a 
like notch of the two upper interradial plates, in the 
middle line of the interradial space. The charac- 
teristic paddle-shaped spines are ranged in several 
rows round the mouth. The large spines round the 
equator of the corona are di;crsc in form, some of 
them cylindrical, only slightly tapering towards the 
tip, and others bulging out and tllicli near the neck 
and coming somewhat rapidly to a sharp point. The 
colouring of the animal is very remarkable. The 
short spines covering the test are of a rich purple, 
and a purple of even a deeper and richer hue dyes 
about one-third of the length of the spine, from the 
head of the spine outwards, ending abruptly in a 
sharply defined line. The spine beyond this purplo 
portion is of a beautiful pale rose colour. Two 
mature examples of this fine species wxe found, and 
two young ones, one nearly half-grown and the other 
much smaller. 

We now moved slowly t o  the northward towards 
the Ftkroe Bank, and soundings were taken to  fix as 
closely as possible the point of passage from the warm 
water into the cold : a temperature sounding taken in 
lat. 59" 37/, long. 7" 40', gave a depth slightly less 
than that of the ' I€oZtenia ground,'-475 fathoms,- 
with a slightly higher bottom temperature, 7'4 C. ; and 
at Station 50, lat. 69" 58(, long. 7" 52/, with a depth of 
335 fathoms, the minimum temperature had risen to 
7".9 C. A sounding at Station 51, lat. 60" G', long. 
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8" 14', gave 440 fathoms, and a bottom temperature of 
5 O . 5  C., showing that we were passing into another set 
of conditions; and at Station 52, lat. 60" 25', long. 
8" lo', only a few miles further on, with a depth of 
384 fathoms, nearly the same as that of Station 20, 
the thermometers recorded a minimum of -O"% C. 
We now altered our course towards the east-south- 
east, and, after a run of about 25 miles, sounded in 
490 fathoms, with a bottom temperature of - 1 O . 1  C. 
The following six stations, Nos. 54 to 59, were all in 
the cold area with a temperature below the freezing- 
point of fresh water. At the last station, No. 59, lat. GO" 
21', long. 6" 41', at a depth of 580 fathoms, the guarded 
thermometer recorded the lowest temperaturo which 
was met with - 1"-3 C. While we were passing through 
the cold area and making these observations, the 
weather was extremely settled and fine, and under the 
careful management of Captain Calver all our appli- 
ances worked admirably. The temperatures were noted 
in every case by the same pair of Miller-Casella ther- 
mometers, which were sometimes compared with other 
instruments and found to give perfectly accurate indi- 
cations, even after being so frequently subjected to  
prodigious pressure. The sounding instruments and 
the dredges never failed, and an ingenious device, for 
which we are indebted to our Captain, enabled us 
sometimes to multiply our prizes a hundred-fold. A 
number of tangles of teazed-out hemp, like the 

swabs ' for cleaning the deck, were hung in a way 
which will be explained hereafter at the bottom of tho 
dredge. These hempen tangles swept by the sides of 
the dredge, pulling along and picking up everything 
which was moveable and rougli. As echinoderms, 
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crustaceans, and sponges were very numerous in the 
cold area, the tangles often came up absolutely loaded, 
while there was but little within the dredge-bag. 
In the course of the last series of dredgings 

we crossed the position of the bank on which we 
got large specimens of’ Te?*ebmtula cranium in 
so great abundance the year before, but we could 
not find it. The bank appears t o  be of very limited 
area, and both on this occasion and on the previous 
one the sky was so overcast fortseveral days together, 
just when we were in this neighbourhood, that it was 
impossible to fix the position either of the ‘Lightning’ 
or of the ‘ Porcupine ’ by observation. A dead-reckon- 
ing is of course kept under great disadvantages when 
the vessel is drifting for the greater part of the time 
half anchored by a dredge. 

From Station 59 we proceeded northward to Thors- 
limn, where we were warmly received by our kind 
friend Governor Holten, who had been forewarned of 
our visit, and at  once came off in his barge to.welcome 
us. Governor Holten was uncommonly proud of this 
barge, and he had some reason. She was a very hand- 
some trim boat; and, manned by a dozen stout Feroese 
boatmen in their neat uniform, and with the Danish 
ensign flying at  the stern, and our handsome friend 
muffled in his military cloak, and with a thick hood 
t o  keep out the somewhat palpable and intrusive ~cl i -  
mate’ of Feroe, she looked all that could be desired, 
When the Governor came on board, he proposed to  
Captain Calver to  try a race with him for the honour 
of old England and the white ensign. Some of us 
were going ashore, and when the Governor came up 
from the cabin our whale-boat was lying alongside 
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with twelve blue-jacketed Shetlanders sitting like 
statues, tlieir white oars glittering in tlie sun. The 
Governor loolted with the critical eye of a sailor at 
tlie two boats,-he still spoke lovingly of the Maid 
of Fikroe,’ but I suppose lie saw that, as Tennyson 
says, ‘ we were a11 of us Danes ; ’ and the question 
of a trial of strength lapsed by mutual consent ! 

We were obliged to remain a few days at Thorshwn 
replenishing in various ways, and while there we were 
very anxious to have had an opportunity of seeing 
Myling IIead-a magnificent cliff at the north-westek 
point of Stromk, which falls perpendicnlarly, even 
slightly overhanging its base, from a height of upivards 
of 2,000 feet into the sea. The tide iwns among 
and round these islands like a mill-race, and the 
Governor told us that if we started with the morning 
flood, and our vessel kept pace with the tide, we might 
make the circuit of the island, passing under Myling, 
and returning to Tliorshavii in six hours. If we did 
not carry tlie tide with us, it became a matter of dif- 
ficulty only to be achieved at considerable expense 
both of fuel and time. 

We found that high water would occur on the fol- 
lowing Monday, Aug. 23, at 4 o’clock in tlie morning ; 
and as the weather was brilliant up to the evening 
of Sunday-unusually brilliant for those regions-we 
made all our arrangements in high hope of a pleasant 
trip, as we had persua.ded our kind host and hostess 
to accompany us. With tlie first dawn of Monday 
morning it was blowing and pouring, and we were 
obliged to defer our visit t o  the celebrated headland 
to some possible future opportunity. 

Tlic iicxt inoriiiiig was fine ngain, and we left 
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Thorshavn about noon, steaming east by south, so 
as to cross the deep channel between F&roc and 
Shetlancl. Our first two stations were on the P&roe 
plateau, at depths a little over a hundred fathoms, but 
the third sounding, taken in the evening of the 24th 
at a depth of 317 fathoms, gave a bottom temperature 
of --O"-!J C. ; we were therefore: once more in the cold 
current. IIaviiig kept the same course under easy 
steam during the night, we took a sounding next 
morning, 1st. 610 21' N., long. 3°'~44r w., at a depth of 
G40 fathoms, with a bottom temperature of - 1 O . 1  C. 
A haul of the dredge brought up rolled peblnles and 

fine gravel with few animal forms, but among thein 
one of extraordinary interest, a large specimen of a 
fine species of the genus Pourtulesia, a heart-urchin, 
one of whose congeners had been discovered by 
M. de Pourtales in the gulf-stream explorations off 
the American coast,, and a second by Mr. Gmyn 
Jeffreys near Rockall. The present example (Fig. 12) 
was much larger than either of those previously 
dredged, and it appeared to be specifically distinct. 

1 I have the pleasurc of dcdicsting this interesting species to our 
accomplished cullenguc, J .  Gwyn Jeffrcys, F. R.S. 
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The shell is singularly unlike that of any other 
known living echinoderih. It is about two inches in 
length, almost cylindrical, ending posteriorly in a blunt 
rostrum, and the anterior extremity is truncated. 
The surface of the shell is covered with short 
spatulate spines, and near tlie anterior end there is 
a kind of fringe of long thin cylindrical spines, especi- 
ally congregated on the upper surface. The mouth is 
at the bottom of n deep anterior and inferior groove, 
and the excretory opening is at the bottom of it pit 
on the dorsal surface, above the terminal rostrum, 
The arrangement of the ambulacra is most peculiar. 
The four ovarial openings and the madreporic tubercle 
are on the dorsal surface, just above the truncated 
anterior end at the base of which the mouth lies, 
and the three ambulacral vessels of the ‘trivium’ take 
a short course from the oral vascular ring, one along 
the centre of the anterior face, and the other two 
round its edges t o  meet in a ring surrounding the 
ovarial openings. The two vessels of the ‘ bivium ’ 
have a very singular course. They run back into 
the great posterior prolongation of the shell, on the 
sides of which they form long loops, sending conical 
water-feet through single pores in long double lines of 
somewhat irregularly-formed ambulacral plates, which 
finally converge in a point a considerable distance 
behind the point of colivergence of the three am- 
bulacra of the bivium. Between these two points of 
convergence, which are both on tlie middle line of 
the back, several plates are intercalated. We have 
thus the three anterior ambulacra ending in their 
ocular plates, meeting at ono point, where there 
are likewise four genital plates, and tlie inadreporic 
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tubercle; and the two posterior ambulacra, with 
their’ ocular plates, meeting at another point and 
forming a kind of secondary apex. The fifth genital 
plate is obsolete. The specially interesting point is 
that, while we bad so far as we were aware no living 
representative of this peculiar arrangement o€ what 
is called ‘ disjunct ’ ambulacra, we have long been 
well acquainted with a fossil family, the Dysustericb, 
possessing this character. Many species of the 
genera Dysuster, AGASSIZ; Collyrites, DESMOULINS, 
3lletuporhiims, M ICHELIS, and Gyasiu, MICHELIN, 
are found from the lower oolite to the white chalk, 
but there the family had previqusly been supposed to 
have become extinct. 

The next attempt was one of our very few entirely 
unsuccessful hauls, the dredge comiiig up empty. 
This we attributed to an increase of wind and swell, 
and consequent drift on the vessel, which seemed to 
have prevented the dredge from reaching the ground. 

We devoted the morning to a seTies of temperature 
soundings at intervals of 50 fathoms from the surface 
to the bottom, and this we accomplished in a very 
satisfactory manner, with results which will be fully 
discussed hereafter. After a rapid descent for the 
first 50 fathoms the next, 150 fathoms maintained 
a high and a tolerably equable temperature, and 
there was then a rapid fall between 200 and 300 
fathoms, the thermometer at  the greater depth indi- 
cating 0°C. From 300 fathoms to the bottom tho 
temperature fell little more than a degree. Thus 
the entire mass of water in this cliannel is nearly 
equally divided into an upper and lower stratum, the 
lomi* being un, Awtic sti*eam of nearly 2,000 feet 
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deep, flowing in a south-westerly direction, beneath 
an upper stratum of comparatively warm water 
moving slowly towards the north-east ; the lower 
half of the latter, however, having its temperature 
considerably modified by intermixture with the 
stratum over which it lies.” 

Our next few dredgings were on the Shetland 
plateau, in depths und& 100 fathoms, and over 
ground already carefully worked by our colleague 
Mr. Gwyn Jeffreys. We got few novelties, but 
owing to our very effective dredging appliances we 
took some of the ‘ Haaf ’ rGrities, such as Fwus no?*- 
vegicus, CHEMN. ; 8mus bcmzicietusis, KING ; Pleuro- 
toma cui*itzatunz, BIVONA ; in considerable numbers. 
The hempen tangles stood 11s in good stead with the 
echinoderms. On one occasion the dredge brought up 
at a single haul, in the bag and on the tangles, cer- 
tainly not, less than 20,000 examples of the pretty 
little urchin, Echinzts ?io1*vegicw, D. and IC. 

On the 28th of August we anchored in Lerwick 
Harbour. We remained at Lerwick several days 
taking in necessary supplies, looking at  the geology 
and the many remarkable antiquities of the neigh- 
bourhood, and ransacking the haberdashers’ shops for 
those delicate fleecy fabrics of wool which imitate in 
a scarcely grosser material, and with almost equal 
delicacy of design, the fretted skeletons of ZoZte?zicc, 
Euptectslla, and Aplwocutlistes. 

I n  this earlier part of the cruise nearly all the 
dredgings had been confined t o  the cold area, and 

’ Dr. Carpenter, in  Preliminary Rcport on tho Scieptific Erplora- 
(Procccdinge of tho Rojd Society, vol. tion of the Deep Sea, 1869.” 

rvii. 1). 441.) 
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over that region we had found a great uniformity of 
conditions. As already mentioned, the average bottom 
temperature throughout was a little below the freeziag- 
point of fresh water, and it sometimes fell to nearly 
2" C. below the zero of the centigrade scale. The 
bottom was uniformly gravel and clay, the gravel on 
the Scottish side of the channel consisting chiefly of 
the d6b& of the laurentih gneiss and the other 
metamorphic rocks of the North of Scotland, and the 
devonian beds of Caithness and Orkney. On the 
F&roe side of the channel, on the other hand, the 
pebbles vere chiefly basaltic. This difference shows 
itself very markedly in the colour and. composition of 
the tubes of annelids, and the tests of sundry fora- 
minifera. The pebbles arc all rounded, and the 
varying size of the pebbles and roughness of the 
gravel in different places give evidence of a certain 
amount of movement of material along the bottom. 

There seems to be but little doubt, from the 
direction of the series of depressions in the isothermal 
lines of the region (Pl. 7), that there is a direct move- 
ment of cold water from the Spitzbergen Sea into the 
North Sea, and that a branch of this cold indraught 
passesinto theFdzoe Channel. The fauna of the cold 
area is certainly characteristic, although many of its 
most marked species are common t o  the deep water 
of the warm area whenever the temperature sinlrs 
below 2" or 3" C. 

Over a considerable district in the F&roe Cliannel 
there is ft large quantity of a sponge which is pro- 
bably identical with Clndorhixu ubylssicola, SARS, 
dredged by G. 0. SARS in deep water off the 
Loffoten Islands. This sponge forms a kind of 



bush or shrub, which appears to clothe the bottom 
in some places over a large area like heather on a 
moor. There are a t  least three species. In one the 
branches are strict and rigid ; while in another the 
arrangement is more lax, side branches coming off 
from a flexible central rachis like the barbs from the 
shaft of an ostrich feather. !"e branches seem in 
some cases to be from 50 to 80 centimetres in height, 
and the stems near the base are 2 t o  3 centinietres in 
diameter. The stein and branches consist of a firm 
central axis, semi-transparent and of a peculiar 
yellowish green colour ; composed of a contiiiuous 
horny substance filled with masses of needle-shaped 
spicules arranged longitudinally in dense sheaves. 
This axis is overlaid by a soft bark of sponge sub- 
stance supported by needle-shaped spicules, and full 
of the bihamate spicules of the sarcode ' so charac- 
teristic of the genus Zsperia and its allies. The 
crust is covered with pores, and rises here and there 
into papill= perforated by large oscula. This spongd 
appears to belong to a group allied to  the Espc- 
riadE, and perhaps even more closely allied to  
some of the fossil branching forms whose remains 
are so aliundant in some beds of the cretaceous 
period. A still fiuer species of the same group 
was dredged by Mr. Gwyn Jeffreys in the first 
cruise of the following year. 

Another peculiar sponge (Fig. 13) is very abundant 
and of a large size. This form was admirably described 
by Professor LovBn-unaccountably under tlie name 
of Eyulonema boreale. It is certainly very far from 
HjpZonema.. It is more nearly allied to I'etAya, for 
the body of the sponge must certainly be referred t o  

I 
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the corticate type, though it differs from all the other 
known members of the order in being supported on a 
long symmetrical stalk formed, as Professor L o v h  
112s shown, of sheaves of short spicules bound together 

by horny cement. A tuft of delicate fibres fixes the 
base of the stem in its position. Professor Oscar 
Schmidt, in  his “Outline of the Spmge Fauna of 
the Atlantic,” refers this form to his genus Contelellcc, 



cix.iP. 111.1 THE CRL‘ISES OF THE ‘PORGD‘PLVE.’ 11.5 

and this he associates with Xuberites, Fethya greatly 
restricted, and one or two other generic groups, to 
forin a family the Suberitidinae, a part of the old 
order Corticattx, which order he.  now proposes to 
dismember. I doubt if this arrangement will hold 
good, for the silicious sponges whose skeleton con- 
sists mainly of radiating sheaves of long spicules, 
form a conspicuous and -natural assemblage. Stylo- 
cordylu is evidently nearly related in habit and 
general character to the Mediterranean stalked 
sponge figured by Schmidt under the name of 
Tetilla eziplocamos.’ 
. Foraminifera are not very abundant in the cold 

area, though here and there in isolated patches 
large numbers of large and remarkable forms came 
up on the ‘ hempen tangles.’ These were principally 
of the Arenaceus type. On one occasion, at  Station 
51, one of the intermediate dredgings between the 
warm area and the cold, the tangles brought up 
a multitude of tubes three-quarters of an inch to 
an inch long, composed of sand-grains cemented 
together, and with a slight appearance externally of 
beading, as if they were divided into segments. 
During the ‘ Lightning ’ excursion the year before, 
on the middle bank along with the specimens of 
I%rebi*atuta ci*aniunz, we had found in abundance a 
sandy Lituola with very much the same appearance, 
except that at one end the Lituolm had a promi- 
nent mouth, and on breaking them open this 
mouth was repeated, definitely moulded of peculiarly 

1 Die Spongien dor ICiisto von Algier. Von T ) c  Oscar Schmidt 
Professor der Zoologie und vergleichenden Anatoiiiio, Director des 
hndschnftlichon zoo1ogisc:hcn Museums zii Gmtz. 

I 2  
Leipig,  1868 



116 THE DEPTHS OP Il’liE SEA. [CHAP. 111. 

coloured sand grains, €or every chamber of the series 
into which the test was divided. The new form, how- 
ever, was found not t o  be divided into chambers, but 
to  have its cavity continuous throughout, “though 
traversed in every part of its length by irregular 
processes, built up partly of sand-grains and partly of 
sponge-spicules,” resembling those described by Dr. 
Carpenter in the gigantic fossil forin Pudcek.’ One 
extremity of this chamber is arched over, spaces being 
left between the agglutinated sand-grains, through 
which it appears that the gelatinous being within com- 
municates with the outer world by protruding its 
sarcode processes. The other end was so constantly 
broken off, leaving a rough fracture, that Dr. 
Carpenter was inclined to  believe that this form 
t o  which he gave the generic name of Botellina, grew 
attached to the bottom or to  some foreign body. 

Thc cold area teems with echinoderms. I n  the 
channel north and west of Shetland, we added to the 
fauna of the British area besides a large number of 
species new to science, nearly every one of the forms 
described by the Scandinavian naturalists as inhabit- 
ing the seas of Norway and Greenland. 

In comparatively shallow water CicZuris hp t r ix  
was most abundant, and of large size. The large 
form of -Echinus Jemingii, BALL, was rare ; but every 
haul at all depths brought, up some variety or other 
which was referred with doubt to E. elegans, D. and 
K., to one or other form of 3. aorvegicus, D. and K., 
or to B. raritubeisculatus, G. 0. SARS; and althougll it 
may, perhaps, be necessary still t o  describe all these 
which certainly in their extreme forms present very 

l Philosophical Transactions, 1869, p. 806. 
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marked differences as distinct species, after having 
gone over some thousands of them-some brought 
up in nearly every haul of the dredge from Ferae to 
Gibraltar-I am inclined to suspect that they may 
be all varieties of Xchinus jlemingii. I have already 
alluded to the countless myriads in which the 
small form of E. norvegiczcs, D. and IC,, 15 mm. in 
diameter, swarms on the ‘ I ladf’  fishing banks. 
‘l’hcse little urchins are mature so far as the develop- 
ment of their generative products is concerned ; and I 
suspect from the abundance of three sizes, that they 
attain their full size in two years and a half or three 
years; but in colouring, in sculpture, and in the 
form of the pedicellariae, 1 do not see any character to 
distinguish them from a form four times the size, 
common in deep water off the coast of Ireland; 
nor, again, can I distinguish theselast by any definite 
character which one would regard as of specific value 
from the shallow water form of Echinus jlemingii, as 
large as the ordinary varieties of E. sphera.. 

The Shetland variety of Equus cubullus is certainly 
not more than one-fourth the size of an ordinary 
London dray-horse, and I do not know that there is 
any good reason why there should not be a pony 
form of an urchin as well as of a horse. 

Professor Alexander Agassiz ’ has discovered that 
the Florida species of Eciiiiocyanzus is nothing 
more than the young of a common Florida clypeas- 
troid, Xtolonoclypus post ra tus ,  AG., and he sug- 
gests the possibility of our Echnocyanzus ungutosus, 
LBSRE, being one of these stunted ‘ pony ’ varieties, 
01’ undeveloped young, cithcr of the American StoZo- 

Ilulletin of the Nuseum of Comparative Zoology, No. 9, p. 291. 
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fiocZypus, the pluteus ' pseudemhyo ' having been 
carried along and distributed by the gulf-stream, or 
of some European deepwater clypeastroid hitherto 
unknown. 

The three so-called species of the genus To.ro- 
pneustes of the cold area must, I fear, submit 
to  fusion. 2'. pictug, NORMAN, and 2'. paWus,  
G, G .  SAM, are certainly varieties of T dpobachi- 

The young of Brissopsis Zy$hx, FOILBIB, were 
abundant at all depths, but mature examples did 
not occur beyond 200 fathoms, and were larger 
and more abundant from 60 t o  100 fathoms. 3%- 
pylas fragiZi9, D. and K., a rather scarce Scandinavian 
form, was added to the British fauna ; several speci- 
mens having been taken, unfortuiiately usually 
crushed on account of its great delicacy, in the 
deeper and colder hauls. Magnificent specimens of 
the handsome heart-urchin, Spatangus raschi, were 
very abundant, associated in the same zone of depth 
with Cidaris. 

Star-fishes were very numerous, rare and new 
species sometimes actually crowding the hempen 
tangles. The two species of Brisinga, B. eizdecu- 
clzcmos, ABSJ., and B. coroilata, G. 0. SAM, came up 
occasionally and were always regarded as prizes, 
although it was a matter of some difficulty to ex- 
t.ricate their spiny arms one after the other from the 
tangles; they were scarcely ever within the dredge. 
Salaslcr pu~poszcs, FORBES, apparently their nearest of 
kin t hougli far removed, was represented abundantly 
by a very pretty deepwater variety, with ten arm8 
about forty millimetres across from tip t o  tip, 

e?28&fy 0. F. MULLER. 



(]RAP. III.] TI€Z CRUISES 01" THE ' POIZCUPIil'E.:' 1 1 9  

of a bright orange-scarlet even at Station 64, at a 
depth of 640 fathoms; and we dredged abundantly 

and IC. (Fig. le), previously known 

only in the Scandinavian seas. Pcdicellasker iypicus, 
SARS, occurred but sparingly, and more frequently the 



Asteropsis pzdvillm, 0. F. MULLER, WCI'C not met 
with beyond the 100-fathom line. A curious little 
group of cushion stars, hitherto supposed to be con- 
fined to high latitudes, were represented by Ftel.def* 
Sneilitcwis, 31. and T., and P. pulvillzcs, SARS, and by 
two forms new to science,-one, Ii5owtlrraster his- 
pidus, sp. n., with the whole of the upper surface 
covered with long free paxillx? like sable brushes (Pig. 
15j. ltanges of delicate spatulate spines border the 

ambulacral grooves. As in Ptwastw, there is a double 
row of conical water feet. The other genus (Fig. 16) 
is perhaps even more remarltable. l 'he star-fish is 
very flat, the dorsal surface covered with short paxi1l:E 
mhicli support a membrane as in  Ptcmste?: A row 
of spines fringing tlie ambulacral grooves is greatly 
lengtliened and weblied, and the ~ e b  running along 
the side of' oiic arm inccts arid uiiitw with lho iw1) 
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of the adjacent arm, so that the angles between the 
arms are entirely filled up by a ciclicate membrane 
stretclicd on and supported by spines, and the body 
thus becomes regularly pentagonal. Therc is no trace 
on the ventral surface of the arms of the trans- 
verse ranges of mern1)rauous comb-like plates which 
are so characteristic in Pternstet-. 

By fa$ the most almndant and conspicuous forms 
among the star-fislies in deep water were the genera 
Astropecleiz and arc haste^, and their allies. At one 
to two hundred fathoms the small form of Ash.0- 
pecfen irregulai-is, A. aeictrlaris of NORNAN, literally 
swarmed in some places, usually in company with 
the small form of Luidia sa.r;ipiii, >I. and T., 5. 
~ u r s i i ,  D. and K. I feel no doubt that these two 
forms, A. aciculcwis and L. scwsii, are inere deep- 
water varieties of the forms which attain so much 
larger proportions in shallow water. Mr. Edward 
Wallel- took charge of Mr. Gwyn Jeffreys’ yacht 
during the summer of 1869, on a dredging cruise off 
the south coast of Ireland. He worked principally 
about the 100-fathom line and a little within it, and 
procured a magnificent series both of Astropecten and 
-hici?ia showing a gradual transition through a11 
intermediate stages between the large and the small 
varieties. 

1 he cold *area gave us Asti-opectcn tenuispinzis in 
great, abundance and beauty. The tangles sometimes 
Cane up scarlet with them, and associated with this 
species a handsome new form of a peculiar leaden 
grey coloiir, and with paxillm arranged on the 
dorsal surface of tlie disk in tlie form of a rosette, 01’ 

the petaloid aiiibulacra of a ~lyp)enste?*. Asti-opecten 

r \  



arcticus, SARS, was met with sparingly in some of the 
deeper dredginp. The known northern species of 
Arclzuster were abundant and of large size; A. 
parellii, D. and IC., passing into comparatively slid- 
low water; and A. andromeda ahunclant a t  greatcr 
depths. 

At Stations 57 and 58, and at various others in 
the cold area we took many specimens of a fine 
Archaster (Fig. 15) with a double row of large 
square marginal plates giving the edges a tliicltened 
square-cut appearance like those of Ctelzodiscw ; 
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each marginal plate covered with miliary grains, 
and with a prominent rigid central spine. This is 
a, large form, one of our most striking additions to 
the tale of known species. It measures 120 mm. from 
tip to tip of the arms across the disk. The colour 
is a rich cream, or various shades of light rose. 

Cteizodimrs ci-isyatus occurred rarely and of rather 
small size, not more than 25 mm. across. Nearly 
every haul brought up small specimens of A s t w  
acanthion nziilleri, 31. SAILS, and specimens of all sizes 
of CribreZZa sanuuiraoleizta, 0. F. MULLER. 

The distribution of Ophiuoridea was altogetlrer 
new to a British dredger. By far the most abundant 
form in moderate depths was Amphiura abyssicola, 
If. SARS, a species hitherto unltnown in the British 
seas ; and itt greater depths this species was associated 
in about equal numbers with Ophiocten sericeuin, 
PORBES. 

Everywhere Ophincantha 8pinulosa, M. and T., 
abounds, and the common Ophioglypha Zacertosa of 
shallow water is replaced by 0. scwsii, LUTKES, 
while Ophiopholis aculeafa, 0. P. M ~ L L E R ,  loves to 
nestle among the branches of corals' and stony 
polyzoa. In  such characteristic cold area dredg- 
ings as Stations 64, 66, 67, and 64, we find the 
two species of Ophioscolex, 0. purpwea, D. and 
IC., and 0. glucialis, M. and T.; the former in 
some idaces in great abundance, and the latter 
much more scarce. Both species are new to the 
British area, and two very remarkable forms which 
accompany t.hem are new t o  science. One of these 
is a very large ophiurid with thick arms, up- 
~ v ~ d s  of three deciinetres long, and a largo soft disk 
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resembling that of Ophiomyxu, to which genus it 
seems to  be allied. The specimens which have been 
hitherto procured are scarcely sufficiently perfect to 
allow of its being thoroughly worked out. The other 
is a large handsome species of Ljungmans genus 
Ophiopus. The plates covering the disk are small and 
obscure, and partly masked by a netted membrane. 
In  moderate depths Amphiuru batli, THOMPSON, was 
common, and we now and then dredged a stray 
example of the beautiful little Ophiopeltis securigern, 
D. and K., lately added to the Shetland fauna by 
the Rev. A. Merle Norman. 

It was a matter of some surprise to us as well as 
of great pleasure to bring up in many of our cold 
area hauls considerable numbers of the handsomest 
of the northern free crinoids, Antedolt escrichtii. 
So far as I am aware, this species has not hitherto 
been met with in the Scandinavian or Spitzbergen 
seas; all our museum specimens come from Green- 
land or Labrador. This is also the case with Cteno- 
discus crhpatzcs. In neither instance do the speci- 
mens from the north of Scotland appear to be quite 
so large as those from Greenland. One or two 
hauls in moderate water gave us abundant examples 
of Antedon cetticus, BARRETT, a form still more com- 
mon however in the Minch; and almost every haul 
we found a broken specimen or some fragments of 
Aittedon sarsii. 

Once or twice we found a fragment of the stem of 
Bhizocrinus, but singularly enough no living specimen 
of this interesting little crinoid rewarded us from the 
cold water, although our conclusion seemed t o  be 
just, that the Arctic indraught sets into the Fdhoe 
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Channel directly from the seas of the Loffotens where 
it abounds. 

We dredged many Holothuriae ; notably everywhere 
below 200 or 300 fathoms the delicate little Echino- 
cucurnis typica, M. SARS; and Psolus squantatus, 
KOREN, which does not seem however to  be common, 
through we dredged it in great profusion on one occa- 
sion in the ' Lightning,' its white scaly disks showing 
out against the smooth black pebbles of Fgroe basalt 
to which they were attached. Holothuria ecalcurea, 
SARS, mas met with occasionally, and formed another 

Fie. I(l.--Buaints euspidalus, KROYEII. (Su. $5. )  

interesting addition to the British fauna. It always 
had a peculiar effect coming up among a number of 
much smaller and more delicate things, like a massive 
German sausage twenty or thirty centirnetres long. 

I n  the characteristic hauls in the cold area we met 
with some very interesting crustaceans, one or two of 
which I figure as they are highly suggestive of the 
Source of the cold water. They are some of the 
&antic forms of amphipoda and isopoda of the 
Arctic sea. 
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&sirus czcspidutus, KROYER (Fig. IS), had pre- 
viously been known only in the Greenland sea, and 

the genus was represented for the' seas of Britain by 
an imperfect example of another species. 

Pig. 1'3 is a large a i d  hitherto unknown species of 
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the genus C'upi*elZu, the odd-looking group of skeleton 
shrimps which fix themselves by their hind claspers, 
usually in this locality to branching sponges, and wave 
tlieir gaunt grotesque bodies about in the water. 

~ 3 y u  maszcta, NORMAN (Fig. 20), is another new 
species, one of the iioriaal ' isopods. Much lasgsr 
specimens of this curious genus are however known 
on the British coasts, usually semi-parasitical on large 
fishes. 

Arcturus bctflni, SABINE (Fig. 21), is another of 
tlic 'isopoda norma1ia'-normal to a certain extent in 
its structure, but very peculiar in its appearance and 

Iiahits. Al-ctzcrzts has, likc CuprelZa, Clie habit of 
clinging to somc foreign body by its claspers, and 
rearing up the anterior part of its body in a queer 
manncr ; but it has in addition a pair of enormously 
dcveloped aiiteniice, and to these the young cling by 
their claspers, and range themselves along like a 
couple of living fringes. Idotea (Arctwzrs) h$hi 
was first described in the Appendix to Captain Parry's 
fdurth voyagc. This, or a nearly allied species, 
Scems to occur also in the Antarctic seas. Sir James 
Clark Ross reni~2rks,' that in dredging at  a depth 

1 -1 lT'oyagsc of  Discorery and IZesearch, vol. i. p. 202. 
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of 270 fathoms, lat. 72 31 S., long. 173' 39 E., 
'' corallines, flustrae, and a variety of marine inverte- 
brate animals came up in the net, showing an abun- 
dance and great variety of animal life. Amongst 
them I detected two species of P ~ J C ~ ~ Z O ~ O U U ~ ? ~ ,  Tdofeu 
bnfini, hitherto considered peculiar to the Arctic: 

seas "-and some othcr forms. The figure represents 
AmhrzLs bafini and a few of its progeny, which 
however have got somewhat into disorder. The 
nursery arrangements asre usually much more regular. 

One or t w o  species of the singulas marine arachnida 
of the genus .A<y17?p'hoi7', of n very lnsge size, mt:i*c? 
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frequently entnngled in large numbcrs on the hose 
hemp. This group seenis to  be specially characteristic 
of the sea a t  a11 arctic temperature. Thoy are re- 
ported of almost iiicredible size, thirty centimetres or 
SO across, €roiii the late Gcrmaii and Swedish polar 
expeditions, and tlicy liave also been found enor- 

1lmusly large in deep water in the antnrctic regions. 
r i  lliey often come up clingin? t o  the sounding line. 

1 he 3fotlnscn, which in the pi-eceding cruises 
1 ~ u a l l y  constituted the priiicild results oi' the 
dredging, wcre hciv quite subordinate as regards 
h t l i  nunilier anc~ variety to  the groups already 

I 1  

IC 
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mentioned ; and the difference between tlie molluscan 
fauna of the cold and that of the warm area mas not 
by any means so great as that shown in other groups. 
One of the most interesting types which we met with 
was Terebmtula septata, PIIILIPPI = T. septigera, 
LOVGN, a bracliiopod found living at Station 66 in 
the Shetland Channel, at a depth of 345 fathoms, 
and it bottom-temperature of -1"- 1C. A variety of 
this species, from the Pliocene beds of Messina, has 
been described and figured by Professor Seguenza 
under the name of Wuldheimicc pelorituna ; and it is 
clearly the same as the Walclheinzia jloridana, found 
in the Gulf of Mexico by De Pourtales, which our 
own numerous speciinens so consideraldy exceed in 
size as to show that its more congenial home is in 
frigid water. 

Only a small number of Fishes were procured, but 
their scarcity may probably have been due t o  tho 
unsuitableness of the dredge as a means for their 
capture. The few species taken were placed in the 
hands of Mi*. Couch of Polperro by Mr. Loughrin, 
and were examined by him after our return. The, list 
includes a new generic form intermediate between 
Chimmu and Mucrourus, which was brought up from 
a depth of 6%0 fathoms in tlie cold area ; a new species 
of a genus allied to  Zeus ; a new Gadw approaching 
the common Whiting; a new species of Ophidian; 
a species of a new genus near Cyclopterus; Blenniw 
fccsciatus, BLocii, new to Britain ; Anznzodytes siculus; 
a fine new Sewunus ; and a new Syizgnatl~zis. 

Death put an end to the labours of tlie veteran 
Cornish naturalist while he was preparing descrip- 
tions and figures of our new spccies. He died full of 



years and work, and this last task, on which he had 
entered with lccen interest, must be finished by other 
hsn ds. 

It vi11 be seen that the bottom temperature of the 
cold area, at 500 €athorns, does not differ by more 
than two or three degrees from that of the,warm 
area, i t  depths beyond 1,600 fathoms. It seems, in 
fact, as Dr. Carpenter has well pointed out, as if all 
the extrenie climatal conditions wliich, in the deep 
Imter of the Atlantic are extendcd over a vertical 
distance of two or three miles, are here compressed, 
without greatly altering their proportions, into the 
compass of half a mile. We have tho same surface 
super-heating and rapid fall for the first short dis- 
tance; the same hump on the curv~s,  indicating the 
presence of a layer of water lieated by some other 
caus’e than direct solar radiation ; the same rapid fall 
through a 6 stratum of intermixture ; ’ and, finally, 
the same long excessivcly slow depression through a 
deep bottom bed of cold water nearly at a uniform 
temperature. 

As might, be anticipated, if the view be correct 
that arctic conditions are in a broad sense con- 
tinuous throughout the abyssal regions of the sea, a 
large number of the inhabitants of the ‘ cold area ’ are 
Common to the deep water off Roclcdl and as far south 
as the coast of Portugal ; but the fauna of the F&roe 
channel includes besides these generally distributed 
fornu, an assemblage of species- for exainple the 
large crustaceans and nrachnida and soinc of the star- 
iishes--w1iich are not only generally characteristic of 
frigid conditions, but spccially of that part of the 
arctic province represented by the seas of Spitzbergen, 

It2 
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Greenland, and Loffotcn. Thew can 1)c little doubt 
that this especially arctic character of the fauna is 
maintained by the continual migration of arctic 
species along with the arctic current indicated by 
the depressions in tlic lines of equd  temperature. 
Many species characteristic of the ' cold area ' were 
not met with beyoncl its limits, owing donlitless to 
the entire banking in and clisapjiearance of the cold 
water, and the obliteration of the arctic currcnt 
its such at  the western opening of the channel 
lietmeen the I3'ii:i-b~ bnnlcs and the 1TeI)ritles. 



APPEXDIX A. 

Oficial Uocimeitts avid Oficial Accounls o f  I’rdi?uinciiy A - o -  
cectlings in conncctiosc with the  Eqwlorations in H . M .  Sur- 
veyiug-vessel “Porcupine,’ during the Summer of 1869.- 
Extvacts fronr the  Jfinutes of thc Council of tkc Royal Society, 
scltiiig f w t h  tlic origin of the ‘Porcupine ’ Expedition, ant1 
the  oljccts zuhic?~ i t  ioas clesiyicd to cawy out :- 

Jnniiaiy 21, 1860. 

The Preliminayy lleport of the Dredging Operations conducted 
by Drs. Carpenter and Wyville Thornson (in the ‘ Liglitning ’) 
having been considered, it was 

l<esolved,-That, looking to the valuable results obtained froui 
these Marine Researches, restricled in scope as they have 
been in a first trial, the President and Council consider i t  
most desirable, with a view to the advancement of Zoology 
and other braiiches of science, that the exploration should 
be renewcd in the course of the ensuing summer, and 
carried over a wider area; and that the aid of Her 
MajesCy’s Governnient, so liberally afforded lust year, bo 
again requested in furtliernnce of tlie undertalting. 

Eesolved,-That a Corninittee be nppointed to report to the 
Council on tlie nieasures it will be advisable to take in 
order to  carry the foregoing resolution most advantageously 
into oflkct. The Cominittee to consist of the President 
and Officers, with Dr. Carpeuter, Mi-. Gwyn Jeffreys, aiid 
Captain Richards. 

February 18, 18G0. 

Read tllc following Report of tlie Coniniittcc cii Rlariiio 
Ilesearches :- 
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“The Committee appointed by the Council on the 21st of 
January, to consider the measures advisable for the further pro- 
secution of Researches into the Physical and Biological Condi- 
tions of the Deep Sea in the neighbourhood of the British Coast, 
beg leave to  Report as follows :- 

‘‘ The reaults obtained by the Dredghgs and Temperature- 
Soundings carried on during the brief Cruise of H.M.S. ‘ Light- 
ning’ in Alignst and September, l8G8, taken in connection with 
those of the Dredgings recently prosecuted under the direction 
of the Governments of Sweden and of the United States, and 
with the remarkable Temperature-Soundiiigs of Captain Short- 
land in the Arabian Gulf, have conclusively shown- 

“ 1. That the Ocean-bottom, at depths of 500 fathoms or more, 
presents a vast field for research, of which tho systematic 
exploration can scarcely fail to  yield results of the highest 
interest and importance, in regard alike to Physical, Biological, 
and Geological Science. 

‘‘ 2. That the prosecution of such a systematic exploration is 
altogether beyond the reach of private enterprise, requiring 
means and appliances which can oiily be furnidied by Govern- 
ment. 

“It may be hoped that Her Majesty’s Government may be 
induced at some future time to  consider this work as on0 of the 
special duties of the British Navy; which possesses, in the 
world-wide distribution of its Ships, far greater opportunities for 
such researches than the Navy of any other country. 

‘lAt present, however, the Committee consider it desirable that 
the Royal Society should represent to Her Majesty’s Government 
the importance of at  once following up the suggestions appended 
to Dr. Carpenter’s ‘Preliminary Rvport’ of the Cruise of the 
1 r,iglitning,’ by instituting, during the coining season, a detailed 
survey of the deeper part of the Ocean-bottom between the 
North of Scotland and the FGroe Islands, and by extending that 
survey*in both a N.E. and a S.W. direction, so as tIiorougbly to 
inmstigtte the Physical and the Biological conditions of the two 
Subiiiariric Provinces included in that aren, which are character- 
ked by sl strongly rnsldcd contrast in Climate, with a correspond- 
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ing dissimilarity in Animal Life, and to trace this cliinatic 
dissimilarity to its source; as well as to carry down tlie like 
survey to depths much greater thari have been yet explored by 
the Dredge. 

‘‘ This, it is believed, can be accomplished without rlifticulty 
(unless the weather should prove extraordinarily unpropitious) 
by the employment of a suitable vessel, provided with the 
requisite appliances, between the middle of May and the middle 
of September. The Ship should be of sufficient size to  furnish a 
Crew of which each ‘watch’ could carry on the work con- 
tinuously without undue fatigue, so as to take the fullest advan- 
tage of calm weather and long summer days ; and should also 
provide adequate nccomniodation for the study of tlie specimens 
when freshIy obtained, which should be one of the primary 
objects of the Expedition. As there would be no occnsioii t o  
extend the Survey to a greater distance than (at the most) 400 
miles from land, no difficulty would be experieiiced in obtaining 
the supplies necessary for such a four mouths’ cruise, by running 
from time to time to the port that might bo nearest, Thus, 
supposing that the Ship took its departure from Cork or Galway, 
and proceeded first to the channel between the British Tslcs and 
1iocl;all Bank, where depths of from 1,000 to 1,300 fathoms are 
known to exist, the Dredgings and Temperature-Soundings could 
be proceeded with in a northerly direction, until it would be 
convenient, to make Stornoway. Taking a fresh departure from 
that port, the exploration might then be carried on over the area 
to  the N.W. of the Hebrides, in which the more inoderntc 
depths (from 500 to GOO fathoms) would afford greater facility for 
the detailed survey of that part of the Ocean-bottom on which a 
Cretaceous deposit is in progress-the Fauna of this mea liaviiig 
been shown by tlie ‘ Lightning ’ researches to present features of 
most especial interest, while the careful sbudy of the deposit 
may be expected to  elucidate many phenomena as yet unex- 
plained which are presented by tlie ancient Chalk Forinntion. A 
month or six weeks would probably be reqiiircd for this part of 
the Survey, at the end of which time the vessel might ngain ru11 
to  Stornowny for supplies. The area to thc E. and N.E. of 
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Lewis should then be worked in tlie like careful manner ; and as 
the ‘ cold area’ would here be encountered, special attention 
should be given to the determination of its boundasies, and of 
the sources of its climatic peculiarity. These would probably 
require the extension of the survey for some distance in a N.E. 
direction, which would carry the vessel into the neighbourhood 
of the Shetland Isles; and Lerwick would then be a suitable 
port for supplies. Whatever time might then remain would be 
advantageously employed in dredging at such a distaiice round 
the Shetlands as would give depths of from 250 to 400 fathoms, 
Mr. Gwyn Jeffreys’ dredgings in that locality haviug been liuiited 
to 200 fathoms. 

“ The Natural-History work of such an Expedition shouldbe 
prosecuted under the direction of a Chief (who need not, how- 
ever, be the same throughout), aided by two competent Assistants 
(to be provided by the Royal Society), who should be engaged 
for the whole Cruise. Mr. Gwyn Jeffreys is ready to take chnrge 
of it during the first five or six weeks, say, to the end of June, 
when Professor Wyville Thomaon woalil be prepared to take his 
place; and Dr. Carpenter would be able to join the Expedition 
early in August, remaining with i t  to the end. I t  would be a 
great advantage if the Surgeon appointed to the Ship should 
have sufficient knowledge of Natural History, and sufficient 
interest in the inquiry, to participbte in the work. 

“ The experience of tlie previous Expedition will furnish 
adequate guidance as to the tqpliances which it would be 
necessary to ask the Governnient to provide, in c u e  they accede 
to the prese’nt application. 

I‘ With refererice to the Scientific instruments and apparatus 
to be provided by the Royal Society, the Committee recommend 
that the detailed consideration of thein be refelbred to a Special 
Committee, consisting of geiitlemen practically conversant with 
the construction and working of such instruiiients.” 

\ 

Resolved,-That t he  Report now read be received and adopted, 
n u l  that application be made to Her Majesty’s Government 
accorJi~i&. 
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The following Draft of a Letter to be transmitted by the Secre- 

I' TaE ROYAL SOCIETY, BUIILIKCTOS HOUSE, 

" SIR,-Referring to the 'Preliminary Report' by Dr. Carpenter 
of the Results of the Deep-sea Exploration carried on diiring the 
brief Cruise of Her Majesty's Steam-vessel "Lightniiig ' in 
August and September last, which hau already been transmitted 
for the consideration of the Lords Conimissioiicrs o f .  the 
Admiralty-I am directed by the President and Council of the 
Royal Society to state that, looking to the valuable information 
obtained from these Marine Reseurches, although compnratively 
restricted in duration and extent, they deem i t  most desirnble, 
in the interests of Biological and Physical Science, and in  no 
small degree also for the advancement of Hydropaphicnl know- 
ledge, that a fresh exploration should be entered upon in the 
ensuing summer, and extended over a wider area ; and they now 
desire earnestly to recommend the matter to the favouruble con- 
sideration of My Lords, iu the hope that the aid of Her Majesty's 
Government, which w a ~  eo readily and liberally bestowed lust 
year, may be afforded to the undertaking now contemplated, for 
which such support would be indispensable. 

(' I n  favour of the practicability and probable success of the 
proposed frwh exploration, I am directed to  explain tliat the 
objects to be aimed at, aa well as the course to be followed and 
the measures to be employed for their attainment, have mainly 
been suggested by the observations made and the experience 
gained in the last Expedition. 

' I  Further information &s to the proposed exploration will be 
found in the Report, herewith transmitted, of a Conimittee to 
whose consideration the subject WRS referred by the Council. 

'( It is understood that the requisite Scientific Apparatus and 
the remuneration of the Assistanta to be employed would be 
provided by the Hoyal Society. With regard to the appliances 
which Her Mnjesty's Government niay be aslicd to  provide, the 
experience of t,he previous Expedition will furnish adequate 
guidance, whenever the general scheme may be appro\ el .  It 

tary to the Secretary of the Admiralty was approved :- 

Fcaritnvy 18, 1669. 
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has appeared to the President and Council, that if the ship 
required for the proposed service could be provided by the 
temporary employment of one of Her Majesty’s Surveying 
Vessels now in commission, anything beyond a trifling outlay on 
the part of the Government would be rendered unnecessary, 

“I remain, 
(‘ Your obedient Servant, 

‘ I  W. SIIARPEY, ND., 
’‘ l’h Seeretuv to t k  Admiralty.” 

Resolved,-That a Committee be appointed to consider the 
Scientific Apparatq it will be desirable to provide for the 
proposed Expedition. The Committee to consist of the 
President and Officers, with Dr. Carpenter, Captain Richards, 
Mr. Siemens, Dr. Tyndall, and Sir Charles Wheatstone, 
with power to add to their number. 

That a sum of S200 from the Government grant be assigned 
to Dr. Carpenter for the further prosecution of Researches 
into the Temperature and Zoology of the Deep Sen. 

crSee. R.S.” 

Xarck 18, 1869. 
An oral comniunication was made by tbe Hydrographer to the 

effect that the Lords Commissioners of the Admiralty had 
acceded to the request conveyed in Dr. Sharpey’s letter of 
February 18 ; that Her Majesty’s Surveying-vessel ‘ Porcupine ’ 
had been assigned for the service ; and that the special eqnip- 
ment needed for its efficient performance was proceeding under 
the direction of her Commander, Captain Calver. 

April 16, 1869. 

Read the following letter from the Admiralty :- 

‘‘ Srn,-Wth reference to previous correspondence, I am com- 
manded by My Lords Commissioners of the Admiralty to 
acquaint you that Dr. Carpenter and his Assistants, who’ have 
beeii deputed by the Royal Society to accompany the Expedition 
about to be dispatched to the noighbourhood of the Fkroe Isles 

“ADMIRALTY, March 19, 1869. 
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for the purpose of investigating the bottom. of the Ocean by 
means of deep-sea soundings, will be entertained whilst embarked 
on board the ‘ Pcjrcupine at the Government expense. 

‘ I  I am, Sir, 
(( Your obedient oervant, , 

W. G. ROMAINE.” 
“ The Resident of the Royal Sociely.“ 

June 17,1869. 
Read the following Report :- 
“The Committee appointed Feb. 18, 1869, to  consider the 

Scientific Apparatus it will be desirable to  provide for the pro- 
posed Expedition for Marine Researches, beg leave to lay before 
the Council the following Report :- 

“The chief subjects of Physical Enquiry which presented 
themselves as interesting on their own account, or in relation to  
the existence of Life at pea t  depths, were as follows :- 

“(1) The temperature both at the bottom and at various 
depths between that and the surface. 

“(2) The nature and amount of the dissolved Gases. 
‘( (3) The amount of Organic matter contained in the mater, 

(‘ (4) The amount of Light to be found at great depths. 
“Among these subjects the Committee thought it desirable to 

confine themselves in the first instance to  such as had previously 
to  some extent been taken in hand, or could pretty certahly bo 
carried out. 

‘( The‘ determination of Temperatures has hitherto rested 
chiefly upon the registration of niinimunt Thermometers. It is 
obvions that the temperature registered by iuinimum thermo- 
meters suuk to  the bottom of the sea, even if their registration 
were unaffected by the pressure, would only give the lowest 
temperature reached somewhere between top and bottom, not 
necessarily at the bottoni itself. The temperatures at various 
depths might indeed, provided they nowhere increased on going 
deeper, be determined by a series of miniinum thermometerg 
placed at different distances dong tlie line, though this would 

I 

and the nature and amount of the Inorganic salts. 
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involve considerable difficulties. Still, the liability of the index 
to slip, and the probability that the indication of the thermo- 
meters would be affected by the great pressure to which they 
were exposed, rendered i t  very desirable to control their indica- 
tions by an independeut method. 

“Two plans were proposed for this purpose, one by Sir Charles 
Wheatstone, and one by Mr. Siemens. Both plans involved the 
employment of a voltaic current, excited by a battery on deck ; 
and required a cable for the conveyance of insulated wires. The 
former plan depended upon the action of an immersed Breguet’s 
thermometer, which, by an electro-mechanical arrangement, was 
read by an indicating’instrument placed on deck. The latter 
plan made the indication of tempertiture depend on the existence 
of a thermal variation in the electric resistance of a conducting 
wire. It rested on the equalization of the derived currents in 
two perfectly similar partial circuits, containing each a copper 
wire running the whole length of the cable, the sea, and tt 
resistnnce-coil of fine platinum wire ; the coil in tlie one circuit 
being inimtmed in the sea at the end of the cable, and that in 
the other being immersed in a vessel on deck, containiug water 
the temperature of which could be regulated by the addition of 
hot or cold water, and determined by an ordinary thermometer. 

“ The instriiments required in Sir Charles Wheatstone’s plnn 
were more expensive, and would take longer to construct ; and, 
besides, the Committee were unwilling to risk the loss of a some- 
what costly inrhument in case the cable mere to brenk. On 
these accounts they thought i t  best to adopt the simpler plan 
proposed by Mi: Siemens ; nnd the tipparatus required for cnrry- 
ing the plan into execution is now completed, and in use in the 
expedition. 

“Meanwhile a plan had been devised by Dr. Miller for 
obviating tlie effect of pressure on a ininitnum theinionieter, 
without preventing access to the stem for the purpose of setting 
the index. It consists in enclosing tlie bulb in an outer bulb 
rivetted ou a little way u p  the stem, the interval between the 
bulbs being partly filled with liquid, for the sake of quicker 
conduction. The Committee have had a few xninimwn thernio- 
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meters constructed on this principle; which have been found to 
answer perfectly. The method is described in a short paper 
which will be read to the Society to-morrow. 

‘I For oLhaiaing specimens of water from any depth to which 
the dredging extends, the Comi~iit~tee have prucured 811 instru- 
ment constructed as to its leading features on the plan of that 
described by Dr. Marccct in the Philosophical Transactions for 
1819, ~ n d  used successfully in the earlier northern expeditions. 

“Mr. Gwyn Jeffreys is now out on the first Cruise of the 
‘ Porcupine,’ the vessel which the Admiralty have sent out for 
the purpose, and is accompanied by Rlr. W. L. .Carpenter, BSc. 
(son of Dr. Carpenter), who undertakes the general execution of 
tho physical and chemical part of the inquiry. A letter has 
been received by the President from Mr. Jefl‘reys, who speaks 
higlily of the zeal and eficiency of Mr. ’Carpenter. The ther- 
mometers protected according to Dr. Miller’s plan, and the 
instrument for obtaining specimens of water from great depths, 
have been found to work satisfactorily in actual practice. Mr. 
Siemens’ instrument was not quite ready when the vessel started 
on her first Cruise, and waa not on board when the above letter 
was written. The gas-analyses have been successfully carried 
on, notwithstrtuding the motion of tho vessel. From a letter 
subsequently received from Mr. Carpenter, it appears that Mr, 
Siemens’ apparatus, so far as it has yet been tried, works in 
perfect harmony with the thermometers protccted according to 
Dr. Miller’s plan.” 

“ Junc 16, 1869.” 

Resolved,-That the Report nom read bo received and entered 
on the Minutes. 
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APPENDIX B. 

Particulars of Depth, Tenywntzae, and Position at (JM various 
Dredging-stations of H.ilf.5. Porcupine' in the Xuntnw 
Of 1869 ;-- 
- 
h'imber 
if Etatioi 

1 
2 
3 
4. 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
23a 
24 
25 

Depth Ir 
Fnthoms 

370 
808 
722 
251 
364 

90 
159 
l0G 
165 
85 

1630 
670 
208 
173 
422 
816 

1230 
183 

1.360 
1443 
1476 
1263 
630 
420 
109 
1 G4 

\. 

Bottom 
Teniparnturo. 

9". 4 c. 
5 . 2  
6 n 1  
9 . 7  
9 . 3  

1 0 . 0  
10 ' 2 
10 ' 7 
9 1 8  
9 . 7  

5 . 9  
9 . 8  
9 . 8  
8 ' 3  
4 . 2  
3 . 2  
9 . 7  
3 . 0  
2 . 8  
2 . 7  
2 $1 
6 . 4  
8 . 0  
8 - 0  
8 ' 1  

- 

Burfnco 
Tenipuiaturo. 

12". 3 c. 
12 v 3  
12 ' 5 
1 2  * 0 

.12 * 2 
12 2 
11 * 8  
12 ' 3 
12 * 0 
12 5 

11 2 
1 2  0 
11 ' 8 
,11 * 2 
1 1 . 7  
11 * 8 
11 * 8  
12 * G 
13 * 0 
13 * 4 
13 * 8 
14 * 0 
13 ' 7 
14 3 
13 - 7 

I 

Poaltton, 

51" 51' N. 
51 22 
51 38 
51 56 
52 7 
52 25 
53 14 
53 15 
53 16 
53 23 
63 24 
53 41 
53 42 
53 49 
64 5 
54 19 
54 28 
54 15 
54 53 
55 11 
65 40 
56 8 
56 7 
56: 13 
5G 26 
5G 41 

11' 50'W. 
12 25 
1 2  50 
13 39 
12 52 
11 40 
11 48 
11 51 
12 42 
13 29 
15 24 
14 17 
13 55 
13 15 
12 17 
11 50 
11 44 
11 9 
10 56 
11 31 
12  46 
13 34 
14 19 
14 18 
14 28 
13 39 
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h'uniber 
I Ytailon 

- 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
66 
57 
58 
59 
GO 
61 

-62 
63 

Depth In 
'athorns. 

- 
345 

54 
1215 
1264 
1389 
1360 
1320 

74 
75 
96 

725 
2435 
2090 
557 
517 
584 
862 

1207 
865 
45 8 
374 
542 
540 
475 
355 
440 
3 84 
490 
363 
605 
48 0 
632 
E40 
580 
167 
114 
7 25 
317 
- 

Dottom 
Tempcraturo. 

8". 2 C. 
9 . 1  
2 . 8  

' 2 . 7  
2 . 8  
2 . 9  
3 . 0  
9 . 8  
9 . 8  

10 - 7 
6 . 1  
2 . 5  
2 . 4  

, 8 - 3  
8 . 7  
8 * 1  
4 . 3  
3 . 2  
4.1 
8 . 9  
7 . 7  
6 . 5  

7 . 4  
7 . 9  
5 . 5  

- 0 - 8  
-1.1 
- 0 . 3  
- 1 . 2  
- 0 ' 7  
- 0 . 8  
- 0 . 6  
- 1 . 3  

6 . 9  
7 . 2  
7 . 0  

- 0 . 9  

- 

Burfnoo. 
Temporat urn. 

14"* 1 C. 
13 * 1 
14 * 3 
13 * 8 
13 - 3 
13 * 8 
13 * 3 
18 - 4 
18 * 9 
17 * 4 
17 * 7 
18 * 6 
17 * 9 
17 * 2  
17 * 4  
1 7 . 4  
17 * 0 
1 6  5 
16 * 2 
16 * 9 
12 * 1 
12 * 2 

1 2 . 0  
11 94 
10 ' 9 
11 e 2 
11 * 2  
11 - 4  
11 - 4  
1 1 . 4  
11 * 1 
10 6 
11 5 
9 . 7  

10 2 
9 . 8  
9 . 4  

- 

Positlon. 

56" 5 8  N. 

Rockall) Bank. 
56 44 
66 34 
56 24 
56 16 
56 5 
50 38 
49 51 
49 7 
48 50 
47 38 
47 39 
49 1 
49 1 
49 4 
49 12 
50 1 
50 20 
51 1 
59 23 
59 34 
59 32 
59 43 
59 54 
GO 6 
60 25 
60 25 
59 66 
GO 4 
60 2 
GO 14 
G O  21 
G O  21 
61 3 
G2 1 
61 59 
61 57 

13" 17' W 

{ ?&2.l] 
12 52 
12 22 
11 49 
11 25 
10 23 
9 27 

10 12 
10 57 
11 9 
12 8 
11 33 
11 56 
12 5 
12 22 
12 52 
12 26 
11 34 
11 21 
7 4  
7 18 
G 59 
7 40 
7 52 
8 14 
8 10 
7 26 
G 27& 
G 19 
G 11 
6 17 
G 51 
5 41 
5 58 
5 19 
4 38 
4 2  
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69 
$0 
71 

Dcp:li in 1 Dot'om 
Fatiiotne. , Taiiiptrinturc. 

I 

G40 - 1". 1 C. 
3 4 5 ,  -1.1 
2rj7 ~ 7 ii 

6 4 1  9 . 5  

67 6 . 5  
GG 7 . 3  

103 9 . 2  
72 ' 76 

Snrfaco 
Temlicrnturc. 

-. - 

9" 3 c. 
11 * 1 
11 3 
1 1 . 0  
11 * 4  
12 * 0 
11 9 
17 * G  
11 * 3  
11 5 
1 1 . 4  
10 8 
10 1 
10 5 
11 * 2 
1 1 . 2  
11 . $  
1 1 . 8  
1 1 . 2  
1 1 . 7  
11 * 4  
12 * 1 
18  * 0 
11 * 4  
12 * 0 
11 * 'I 
11 * 7 

9 . 4  

.. . .. .. .. . . . . . . . -. ... 

84 I 155 
85 I 190 
86 I 445 
87 , 767 
88 , 703 
89 I 445 

Positlrin. 

9 ' - 5  
9 * 3 

- 1 * O  
5 * 2 
5 * 9 
7 . 5  

. .-- 

61" 21' N. 
61 10 
61 15 
GO 32 
G O  23 
GO 1 
G O  4 
GO 17 
GO 20 
60 29 
60 39 
GO 15 
GO 36 
GO 34 
(io 14 
59 44 
E9 49 
59 54 
60 0 
60 G 
59 34 
59 40 
59 48 
59 35 
59 2G 
59 38 
59 41 

__ 

. - --_ - . 

3" 4 g  \Y. 
2 21 
1 44 
0 29 
0 33 E. 
0 18 E. 
0 21 
2 53 
3 5  
3 6 
3 9  
3 6  
3 58 
4 40 
4 30 
4 44 
4 42 
5 1  
5 13 
5 8  
G 34 
G 34 
6 31 
9 11 
8 23 
7 46 
7 34 



CHAPTER IV. 

THE CRUISES OP THE ‘ POBCUPINE ’ (COlZ.h%Ued). 

From Shetland to Stornoway.-Phosphorescence.-The Ec?knothuriJce. 
-The Fauna of the ‘ Warm Area.’--End of the Cruise of 1869. 
Arrangements for the Expedition of 1870.-From England to 
Gibraltar.-Peculiar Conditions of the Mediterranean.- Return to 
cowea ’ 

APPEXDIX 8.-Extracts from the Minutes of Council of the Royal 
Society, and other officid documenta referring to the Cruise of 
R.M.S. ‘Porcupine’ during the Summer of 1870. 

APPEKDIX B.-Particulai.s of Depth, Temperature, and Position at 
the varioiia Dredging-etatione of H.M.S. ‘ Porcupine ’ in the 
Summer of 1870. 

*** Tlcc &racketed numbera to the ~ o o d c i l t s  i ? ~  this chapter rtfw to Ut4 drcdgijtg 
stations on Pldw IK and V. 

WE left Lerwick on thc 31st of August, and ran 
south- and westward, passing close to Snmburgh 
Eead;  Fair Islei of evil repute among mariners, 
lying on the southern horizon like a little grey 
cloud. The weather was still very fine, and we 
had a good tossing with scarcely a breath of wind 
in the famous Roost of Sumburgh. Past Norna’s 
eyrie on the ‘ Fitful Head ; ’ past in the falling 
shadows of tho autumn night the rocky Island of 
Foula, still the haunt of one or two pairs of the  
great skua gull, Lest& cataructe8, a species fast 

L 
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hastening to join the dodo and the gair-fowl among 
the creatures of bygone times. 

We nom steered somewhat to the north of west, and 
early on the 1st of September sounded in lat. 60"17', 
long. 2" 53', at a depth of 103 fathoms, and a bottom 
temperature of 9O.2 C. We were still in the shallow 
water, and had not touched the arctic stream. All 
day me slipped over the edge of the plateau, dredging 
chiefly well-known Shetland forms, and the tempera- 
ture falling slightly, reaching in the afternoon at  a 
depth of 203 fathbms, S O . 7  C. (Station '74). The next 
sounding, about ten miles farther north, gme us t.he 
stratum of intermixture, a temperature of 5O.6 C. at a 
depth of 250 fathoms. We ran about 'thirty milw in 
the night, and early next morning dredged in the 
frigid water again in lat. 60" 36' N., long. 3'58' N., at. 
a depth of 344 fathoms, with a bottom temperature of 
- 1 O - 1  C., the temperature at  the surface being 1 0 O - 1  C. 
Five-and-twenty miles to  tho westward, we sounded 
again at noon of the same day at  660 fathoms, with 
- 1 O . 2  c. 

In  these two or three last cold dredgings the 
character of the bottom was much the same-gravel 
of the older rocks, and clay. The preponderance 
of echinoderms and sponges was again remarkable, 
and the paucity of mollusca, though in this region 
we took a single specimen of a mollusk which 
seemed to be greatly out of its latitude. This was a 
pretty little brachiopod, Platy dinan ontioides, SACCHI 
(Horrhia, DAVIDSON), hitherto found only in the 
Mediterranean. The size of this specimen greatly 
exceeded that of Mediterranean examples of the 
same species a singular circumstance which loads 
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our friend Mi.. Gwyn Jeffreys to the somewhat 
hazardous presumption that '' its original home is 
in the boreal, perhaps even in the arctic region." 

Two very peculiar little sponges were met with here 
rather frequently sticking to stones. A short smooth 
column, about SO mm. in height, is surmounted in 
one species, which must I think be identified with 
Thecopltora semisuberites, OSCAR SCHMIDT, by a soft 
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pad of spongy matter, with one or two projecting 
tubes with oscula in the centre. The other, which I 
shall call Thecophorn ibZa (Fig. %), from its resem- 
blance t o  the cirripede of that name, ends in a scaly 
cone with a single osculum in the middle. The outer 
mall of the column in both forms is.firm and glossy, 
under the microscope composed of closely-packed 
sheaves of needle-shaped spicules with their termi- 
nation blunt and slightly bulbous. The sheaves are 

L 2  
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arranged vertically, and this peculiar tissue forms a 
complete sheath surrounding a pulpy mass of gra- 
ntdar horny and sarcodic matter which fills the in- 
terior. In  this inner spongy substance sheaves of 
sirnilady-shaped spicules are liltewise arranged ver- 
tically, but much niore loosely; and the projecting 
scales forming the head of Tlmophora iblu are formed 
by the projecting ends of such sheaves. Among 
echinoderms, 0phiacan.tlm spinulosa was one of the 

prevailing forms, and we were greatly strinck wit11 
the brilliancy of its pbosphorescence. Some of 
tlicse hauls were taken late in the evening, and the 
tangles were sprinkled over with stnrs of the most 
brilliant uranium green ; little stars, for tlie phos- 
phorescent light was much more vivid in the younger 
and smaller individuals. The light wa‘s not consta,nt, 
nor continuous all over the star, hut sometimes i t  
struck out a line of fire all round the disk, flashing, 
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or one. might rather say glowing, up to the centre; 
then that would fade, and a defined patch, a centi- 
metre or so long, break out in the middle of an arm 
and travel slowly out to the point, or the whole five 
rays would light up at the ends and spread the fire 
inwards. Very young OTltiacaizthe) only lately rid 
of their ' plutei,' shone very brightly. I t  is difficult 
to doubt that in a sea swarming with predaceous 
crustaceans, such as active species of Dolyizchus and 
Munidu with great bright eyes, phosphorescence 
must be a fatal gift. We had another gorgeous 
display of luminosity during this cruise. Coming 
down the Sound of Skye from Loch Torridon, 
on our return, we dredged in about 100 fathoms, 
and the dredge came up tangled with the long 
pink stems of the singular sea-pen ~ a v b n a r i a  qua- 
drangutaris. Every one of these was embraced and 
strangled by the twining arms of Asteroizyx Zovbni, 
and the round soft bodies of the star-fishes hung from 
them like plump ripe fruit. The. Puconwk werc 
resplendent with a pale lilac phosphorescence like 
the flame of cyanogen gas ; not scintillating like the 
green light of Ophiucantha, but almost constant, sdme- 
t h e s  flashing out at  one point more brightly and 
then dying gradually into comparative dimness, but 
always sufficiently bright to make every portion of a 
stem caught in the tangles or sticking to the ropes 
distinctly visible. From the number of specimens of 
Pavonaria brought up at one haul we had evidently 
passed over a forest of them. The stems were a metra 
hug, fringed Kith hundreds of polyps. 

Ophiocten sericeum,.FonnEs, and Ophioscolex JJU+ 

puren, D. and K,, were likewise very common, and 
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in sand patches, Ophioglypha sarsii, LUTKEN. The 
most abundant asterid was Asteropecteiz ternuispi- 
nus, always a marked object from its bright red 
colour-with here and there an example of Arclbaster 
wdromeda and Ptemster nzilitaris. Xvery haul 
brought up several specimens of the so-called large 

Vin. &6.--Arcl~aster ucziZZ&-, WYYILLE TIIOMRON. One-third tho nntiirsl Himo. (No. 76.) 

form of Zchinus ?zoruegicus, here of a pale colour, 
somewhat conical, and looking suspiciously like 
small forms of 2. jlemingii. 

Along with one or tm70 specimens of Archastep 
andromeda, we took at Station 76 an exceedingly . 
beautiful Archnster (Fig. 25),  certainly by €m the 
finest species yet dredged in the Northern Seas. 

The arms are flattened, somewhat square in section 
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owing to the position and size of the marginal plates, 
which run up nearly vertically from the side of the 
unusually wide ambulacral groove till they meet the 
edge of the perisom of the  dorsal surface. The mar- 
ginal plates are t.liickly covered with rounded scales 
and bear three rows of spines-one at the upper edge 
(and this series in combination form LZ fringe round 
the dorsal surface of the star-fish), one near the centre, 
and one a little farther down towards the ventral 
edge. The ambulacral groove is bordered by ob- 
liquely placed combs of spines, short towards tlic 
apex and centre of the arm, but becoming longer 
towards its base, and forming at the re-entering 
angles between the ambulacral grooves large sin- 
gularly beautiful pads ; each plate bearing i.i double 
row of spines, and each spine having a second short 
spine or scale on the end, an arrangement which 
adds greatly to the richness of the bordering. The 
inner spine of each comb on the side of the ambu- 
lacral groove is longer than the others, and bears 
on the end a little oblong calcareous plate usually 
hanging from it somewhat obliquely like a flag, 
with sometimes a rudiment of a second attached t o  
it in a gelatiiious sheath, which makes it pro- 
bable that it is an abortive pedicellaria. From 
this character, which is one which cannot escape 
observation, I have called the species ‘ vexiZZ$er. ’ 
I know no star-fish in which the ambulacral grooves 
are so wide and the ambulacral tubes so large in pro- 
portion to the size of the animal as in this species. 
The dorsal perisom is closely covered with rosette-like 
paxillzc. The colour is a pale rose, with a tinge of 
buff. The ambulacral tubes, which when the animal 
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is living present a very marked feature from their 
great size, are semi-transparent and of a pale pink 
colour. 

We now took a run once more t o  the southward, 
recrossing the boundary of the cold stream, and 
sounding successively in 290 fathoms, with a bottom 
temperature of 5O.3 C., and in 76 fathoms, with a 
temperature of 9"4, practically the same result as 
in the former case; and in the next four Stations, 
80, 81, 82, and 83, we repeated the operation in- 
versely, sounding in 92 fathoms, with a tempera- 
ture of S O . 7  C. ; in 142, with 9 O . 5  ; in 312, with 6'2 ; 
and in 362, with 3 O . O .  

After a run of about sixty miles in it south-easterly 
direction nearly parallel with the 100-fathom line, on 
the morning of Saturday the 4th of September we 
sounded in lat. 59" 34' N., long. Go 34' W., with a 
depth of 155 fathoms and a temperature of 9O.5 C. 
Two other Stations after running distances of six 
and eight miles anly took us once more over the 
edge of the bank and into the cold river, the first 
giving a depth of 190 fathoms, with a temperature of 
9'3, and tlic second 445 fathoms, and - Y.0. 

As we were satisfied for the present with our work 
in the cold area, and as the next day was the day of 
rest, we steamed quietly westwards for about 100 
miles, past the Butt of the Lews and beyond the 
entrance of the channel to  Station 87, lat. 69O.35' N., 
long. 2" 11' W., a point nearly in the middle line of 
the deep water of the channel, and consequently in 
tlie axis of the cold stream, the line in which the 
peculiarities of the cold area are most pronounced. 
Here a sounding gave us a depth of 767 fathoms and 
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a bottom temperature of 5". 2 C. We were thus in 
the warm area, and the dead-cold water of the cold 
area lying fifty OF sixty miles off, with the bottom 

* a t  a higher level, was completely banked in. The 
bottom temperature here corresponded so closely 
with that of the same depth in the Roekall Channel 
that apparently scarcely a drop of the Arctic in- 

clrauglit makes its escape in this direction. The 
dredge here brought 1113 Iialf a ton of Atlantic 
' globigerina ooze,' a load wliicli tested its tackle 
and the donkey-engine to the utmost. The meig11.t; 
of the dredge itsel€ with tlie weight attached v-as 
8 ewt., so. bhnt a l togcth-~ the burclen rc:iclicd no t  
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far short of a ton, and the distance it had to be 
dragged through the water was not much less than a 
mile. As was frequently the case when these great 
loads came up, there were few of the higher animal 
forms in the dredge. The tangles brought up, how- 
ever, two or three specimens of st very handsome star- 
fish, the type of a new genus. 

Zoronstei* f u l p n s  (Pig. 26) is a five-rayed star-fish, 
250 mm, from tip to tip of the arms, which run close 
up to the centre leaving a small disk not more than 
20 mm. in diameter. There are four rows of sucking 
feet in the ambulacral grooves, a character which 
places the genus in the first division of the Asterida, 
along with Asterucuictlkm. The arms are compressed 
laterally, and run up to a Central longitudinal ridge, 
which bears a row of large pointed spines articulated 
to a row of projecting knob-like ossicles. Froin this 
ridge bands of ossicles curve downwards to the edge 
of the ambulacral groove so close together and so 
thick and solid that the ai’rns are continuously and 
strongly mailed over. The disk is paved wi th  large 
calcareous tubercles with articulated spines; the tuber- 
cles and spines becoming larger towards tlie centre of 
the disk. The whole surface of tlie body is covered 
with long fine spines, with here and there a group 
of pedicellaria? on short soft stalks attached to the 
tops of special spines, while a row of such spiues 
bearing large groups of pedicellariz runs along the 
edges of the ambulacral grooves. When living, the 
whole surface of ‘the animal is covered with a 
quantity of glairy mucus. The colour of the perisom 
is a magnificent yellow scarlet, but it is very evan- 
escent, fading immediately in spirit. This is a 
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distinct, as well as a very striking form. We only 
met with it on this occasion. The alteleton of this 
star-fish at first sight closely resembles that of some 
species of Opltidiuster, for instance 0. uspei*ulus, 
LUTKEN. It is at once distinguished, however, by the 
fundamental character of the quadruple row of ambu- 
lacral suckers; and the texture of the surface of 
the star-fish is utterly different. The arrangement 
of the ossicles of the frame-work is perhaps nearest 
to that in A r t l t ~ a s t e ~  dixoni, FORBES, from the lower 
chalk of Balcombo pit near AmLerley, Sussex; but 
the only specimen of that species, now in the British 
Museum, unfortunately does not show the arrange- 
ment of the plates in the ambulacral grooves. 

As our coals were beginning t o  run short, and 
what remained were blowing off fast-steaming 
against rather a strong .head wind-we thought it 
prudent to retrace our steps slowly towards Storno- 
way, dredging on our way. Accordingly, in the 
afternoon, we took a haul in lat. 59" 26, N., long. 
8" 23' W., with a depth of 705 fathoms, and a 
temperature of 6".0 C. Continuing our easterly 
course during the night, but heading sliglitly north- 
wards so as to come upon the ground where we 
had been previously so successful in dredging the 
singular anchoring sponges, we dredged in the 
morning in lat. 60" 38' N., long. 7" 46' W., with a 
depth of 445 fathoms and a teiuperature of 7". 5 C. 
This haul was not very rich, but it yielded one speci- 
men of extraordinary beauty and interest. As the 
dredge was coming in we got a glimpse from time to 
time of a large scarlet urchin in the bag. We 
thought it was one of the highly-coloured forms 
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of Ec7~in.u~ jlen.zingii of unusual size, and as it was 
blowing fresh and there was some little difficulty in 
getting the dredge capsized, we gave little heed to 
what seemed to be an inevitable necessity-that it 
should be crushed to pieces. We were somewhat 
surprised, therefore, when it rolled out of the bag 
uninjured; and our surprise increased, and was cer- 

Fro. ?i.--L'ulcccia hys lr ix ,  \\'\IYVILLE Tnoniso~.  Two-thirds tho iinturnl bize. (No. SO.) 

tainly in my case mingled with a certain amount of 
nervousness, when it settled down quietly in the form 
of a round red cake, and began to pant-a line of 
conduct, t o  say the least of it vcry unusual in its 
rigid undemonstrative order. Pet there it was with 
all the ordinary characters of a sea-urchin, its inter- 
ambulacral arcas, and its ambulacral areas with tlieir 
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rows of tube fcet, its spines, and five sharp blue teeth ; 
and curious undulations were passing through its 
perfectly flexible leather-like test. I had to summon 
up some resolution before taking the weird little 
monster in my hand, and congratulating myself on 
the most interesting addition to my favourite family 
which had been made for many a day. 

Calzleria I&ystrix-for I have named this genus and 
species after our excellent Cominander and his tidy 

little vesscl, in grateful coinmemoration of the plea- 
sant times we had together-is circular and depressed, 
rather ‘more than 120 miii. in diameter, and about 
25 mm. high (Fig. 28). Both interambulacral and 
ambulacral areas are wide. The peristome and the 
prriproct are unusually large ; the former covered with 
calcareous scale-like plates, perforated up to tlie rim of 
the mouth for the passage of ambulacral tube-feet, as 
in Cidcrris; the latter with a large inadreporic tubercle 
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and five large round openings in the ovarial plates 
in the centre of which open the wide ducts from the 
ovaries. The jaw pyramid, Aristotle’s lantern,’ is 
large and strong, and formed on the plan of the Dia- 
dematidae, and the teeth are large and simply chan- 
nelled. The point of structure, however, in which 
Calveria differs from all previously described recent 
urchins is the arrangement of the ambulacral and 
interambulacral plates. These, instead of meeting 
edge to edge and abutting against one another 80 as 
to form a continuous rigid shell as in most other 
echinids, overlap one another ; the plates of the inter- 
ambulacral areae from’ the apical pole towards the 
mouth, those of the ambulacral are= from the mouth 
towards the apical disk (Fig. 28). In  Calveria, the 
outer portions of the interamhulacral plates .leave 
spaces between them which are filled up with mem- 
brane, and the inner ends of the plates form large aide 
expansions, which overlap greatly. The ambulacral 
pairs of pores are singularly arranged: they are in 
arcs of three, but taro of the pairs of each arc penetrate 
small special accessory plates, while the third pair 

The 
outer ends of the interambulacral plates overlap the 
outer ends of the ambulacral plates, so that the 
ambulacral are= are essentially within the interambu- 
lacral. The interambulacral plates bear each close to 
the outer end where they overlap the ambulacral 
plates, a large primary tubercle; and two imperfect 
rows of primary tubercles bearing long spines are 
ranged in the middle of the ambulacral areae; the 
remainder of the surface of the plates is thickly 
studded with secondary tubercles and miliary grains. 

- penetrates the ambulacral plate near the end. 



The spines are very delicate and hollow, with pro- 
jecting processes arranged in an imperfect spiral; and 
resemble somewhat the small spines of the Diacle- 
Inatid=. The colour of the test is a rich crimson with 
a dash of purple, and it is very permanent ; tlie only 
perfect specimen procured which is 
preserved in spirit lias not lost 
colour greatly to the present time. 

In the summer of 1870, Mr. 
Gwyn Jeffreys, drcdging on tlie 
coast of Portugal, took two nearly 
perfect speciinens and several frag- 
ments of‘ another species ‘of the 
genus Ccilveriu ; and subsequent 
careful examination of fragments 
and clbbris has shown that this 
second species, C feizestruta, occurs 
likewise in the deep water off tlic 
coast of Scotlaiicl and Ireland. Thc 
interambulacral plates are nar- 
rower, and leave larger membra- 
nous spaces between them, and tlie 
great key-likc overlapping expan- 
sions in the middle line are much 
larger. The spines have the sarnc 
form and are arranged nearly in 
tlie same way ; hut parallcl to ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ i ~ ~  

thc outer row of large spines 
on each interambulacral space there is a POW 

of four or five or morc pediccllarix, of quite a 
peculiar type. Tlie head of thc pedicellaria which 
is supported on a long stalk, consists of four valves 
(Fig. 29), the wide terminal portion of each i‘orming 

FIG. 29 --Cnlmi w f c w s t r d n ,  
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a beautiful double fenestrated frame, with a peculiar 
twist in it reminding one of a Cunzpylodiscus, and a 
very elegant crenated border. These disks are raised 
on delicate hollow pedicels, which expand beneath, 
at their point of attachment to the common stalk. 
A large mass of muscle envelopes the lower part of 
the group of padicels, and doubtless determines the 
movement of the valves in reference to  one another. 

It is difficult t o  see what relation in position the 
valves can occupy alien the instrument, whatever 
may be its use, is’closed. 

We now steamed onwards to the south-east for 
about ten miles, and put down our dredge, fully 
equipped with ‘ hempen tangles ’ and every accessory 
device for entrapping the denizens of the deep, exactly, 
as our Cominnnder assured us, over the spot where we 
had drcdged the HoZtenia? early in the cruise. We 
got there in the evening, and adopted a plan which 
we had tried successfully once or twice before; we 
allowed the dredge to remain down all night, moving 
along with the drift of the vessel, and liauled it up 
in the early morning. I do not believe human 
dredger ever got such a haul. The special inhabit- 
ants of that particular region-vitreous sponges and 
echinoderms-had taken quite kindly t o  the tangles, 
warping themselves into them and sticking through 
them and over them, till the mass was such that wc 
could scarcely get it on board. Dozens of great Hal- 
tenia?, like 

“ Wrinkled lieads and aged, 
Witii eilver beard nnd hail,’’ 

a dozen of the best of them breaking off just. at 
that critical point d i e r e  everything doubles its 
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weight by being lifted out of the water, and sink- 
ing slowly away back again to our inexpressible 
anguish ; glossy whisps of Vyuloizema spicules ; a 
bushel of the pretty little mushroom-like l'isiphonia ; 
a fiery constellation of the scarlet Astmpecten tentcis- 
pinus ; while il whole tangle was ensanguined by the 

There was not much in the dredge-bag that was 
new. Some large Zzcnide, with their ' spheery eyne ; ' 
some fine specimens of I.opJ~obcle?maon niiilleri ; an 
example of the Euryalid, Asteronyx Zcrbiri, nearly 
the only Scandinavian echinoderm uliich we had not 
previously taken; and an injured speciincn of a 
flexible urchin, which we supposed t o  be of tho same 
species as that procured the day before, although i t  
differed greatly in colour, being of a uniform pale 
grey. Upon further examination, however, it proved 
to be the type of a totally different generic group of 
the same family. 

P~onnosoma  plccceiita resembles Culveiv'a in having 
the perisom flexible, the plates overlapping in the 
same way and in ths same directions ; but4 the plates 
overlap one another only slightly, and they leavc no 
inembranous fipaces between, so that they form a 
continuous shell. Thc great peculiarity of this form 
is that the upper surface is quite different from the 
lower. Above, the ambulacral and interambulacral 
arete are well defined and in ordinary proportion, 
the interambulacral are= being just twice as  wide 
as the ambulacral, and the spines are niucli like 
those of Cuheriu, and are arranged nearly in the 
same manner. A t  the periphery the shell comes to 
a kind of ridge, and alters entirely; from the edge 

disjecta membra ' of a splendid Bmkinga. 

nr 
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to the mouth the distinction between ambulacral 
and interambulacral are= is apparently lost, and 
the sutures between the plates can scarcely be made 
out;  the pore are% are reduced t o  mere lines of 
double pores, and the whole of the surface of the 
shell is studded over uniformly with the very large 
areolae of primary tubercles, bearing spines which 
are small and delicate and apparently quite out of 
proportion to the mass of muscle coiinected with 
them wliicli fills the areoliz. A s  in Calveria, the 
tubercles are pprforated. 

We have thus liecome acquainted with three 
members of a family of urchins which, while differ- 
ing in a most marked way from all other known 
living groups, bear a certain relation t o  some of these, 
and easily fall into their place in urchin classification. 
They are ‘regular echinids,’ and liave the normal 
number and arrangement of thc principal parts. 
They resemble the Cidaridtr: in the continuation of 
the lines of ambulacral pores over the scaly membrane 
of the peristome to the mouth, and they approach 
the Diadematidz in their liollow spines, in the form 
of their small pedicellariae, and in the general structure 
of the jaw pyramid. From both of these families they 
differ in the imbricated arrangement of the plates and 
in the structure of the pore areae, to the widest extent 
compatible with belonging to the same suborder. 

Many years ago Mr. Wickhani Plower of Park 
Hill, Croydon, procured a very curious fGssil from 
the upper chalk of Higham near Rochester. It con- 
sisted of a number of series of imbricated plates 
radiating from a centre, and while certain sets of these 
plates were perforated with the cliaracteristic double 
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pores of the urchins, these were absent in alternate 
series. Some points about this fossil, particularly 
the imbricated arrangement of the plates over portions 
indicating a circle at  least four iiiclres in diameter, 
caused great difficulty in referring it to  its place. 
Edward Forbes examined it., but would not hazard 
an opinion. The general impression was that it must 
be the scaly peristoine of some lange urchin, possibly 
of a large Cyphosonza, a genus abundant in the same 
bed. Some years after the discovery of tlie first 
specimen, a second was obtained by the Rev. Norman 
Glass, from Cliarlton in Rent. This specimen np- 
peared at  first to solvc the dificulty, for it contained 
in the centre a well-developed ‘ lantern of Aristotlo ; ’ 
there then was the peristome of the urchin, of wliich 
Mr. Flower’s spccimen was the periproct. The lute 
Dr. S. P. Mroodward examined the two specimens 
carefully, and found t h a t  the question was not so 
easily settled. He detected the curious reversal of 
the imbrication of the plates in the ambulacral and 
interambulacral arem which I have describcd in 
CaZliericr, and at onenpoint he traced the pla,tes over 
tlie edge of the specimen, and found that they were 
repeated inverted on the other side. With great 
patience and great sagacity he worked the thing out, 
and came to the conclusion that he was dealing 
with the representative of a lost, family of regular 
echinids. 

Woodward names his new genus Bcltinotltuviu, and 
describes the clialk species, B. JEoi-is, almost as fully 
and accurately as we could describe it now with a full 
knowledge of its relations -- for 2i’chilzothzcria is 
closely related to ~ t r ~ c c r i t r  and P/ioiwosorucc. In  all 

11 2 
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essential family characters they agree. The plates 
imbricate in the same directions and on the same 
plan, and the structure of the ambulacral areae, 
which is so special and characteristic, is the same. 
Echinothzcriu differs from Cnlvei*iu in the wider inter- 
ambulacral and ambulacral plates, in tlie smaller 
amount of overlapping, and in the absence of mem- 
branous intervals ; and from PJLoi-naosoiizu it differs 
in  having the structure aiid ornament of the apical 
and oral surfaces of the test tlie same. 

As the genus -.?3chinotJw~ia was the first described, 
I ha\-e felt justified in naming the family the Echino- 
tliuridB. I have done this with the greater pleasure, 
as it brings into prominence a term suggested by 
my late friend Dr. Woodward, whose early death 
was a serious loss to science. I n  Dr. Woodward’s 
memoir, the following curious paragraph occurs :- 

‘‘ After this apparently conclusive demonstration, 
it appears desirable to give a name to this fossil and 
to attempt a short description, although its rank and 
affinities are still a matter of conjecture. At present 
it is one of those anomalous organisms which Milne 
Edwards compares to solitary stars belonging to no 
constellation in particular. The disciples of Von Baer 
may regard it as a ‘ generalized form ’ of echinoderm, 
coming, however, rather late in the geological day. 
The publication of it sliould he acceptable to those 
.who base their hopes on the ‘imperfection of the 
geological record,’ as it seems to indicate the 
former existence of a family OF tribe, whose full 
history must ever remain unknown.” The special 
bearings of the discovery of this group, and of 
several othcr animal forms allied to chalk fossils 
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living among the recent chalk-mud of the Atlantic 
sea-bed, will be discussed in a future chapter. 

While we were examiuing our wonderful dredge- 
load the little ‘ Porcupine ’ was steaming slowly 
southwards-past the island of Rona, and Cape Wrath 
looking out into the north cold and blue, with the 
waves now curled up asleep at  its feet, as if they 
never did any harm; past the welcome Butt of the 
Lews, and into the little harbour of Stornoway. Here 
we remained some days ; not sorry-even although 
our cruise had been thoroughly pleasant-to exchange 
the somewhat cramped routine of life in llj gun-boat 
for the genial hospitalities of Stornoway Castle. 

The fauna of the ‘ warm area ’ is under circum- 
stances altogether special and peculiar, wliich must 
be discussed in full hereafter. While the cold area 
is sharply restricted, the warm area extends con- 
tinuously from the Fgroes to thc Strait of Gibraltar. 
At all events the same conditions are continuous; 
hut as will be explained more fully hereafter, the 
whole 690 or 700 fathoms of water down to the 
bottom a t  the mouth of tho %%roe Channel, corre- 
sponds with the surface layer only to a like depth in 
the Rockall Channel or in the Atlantic basin. The 
first 700 to 800 fathoms in all cases are actually 
lmrrn, but where the depth greatly exceeds 800 
fathoms, there is a mass of cold water beneath sink- 
ing slowly to nearly the freezing-point. The bottom 
therefore, the habitation of the fauna, is only warm 
where the depth is not greater than 800 fathoms, 
and in such a case only can the term ‘warm area’ 
be correctly applied. Such are tlie conditions off 
P&roe, and it is this which makes the contrast 
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between the warm and cold areas so marked in that 
region. The warm area, however, even as thus 
restricted, is continuous southwards so far as we 
know indefinitely for tlie North Atlantic, occupying 
the zone of depth along the coast from say300 t o  800 
fathoms. At great depths everywhere the c’lirnatal 
conditions approach those of the cold area, and the 
actual character of a fauna-an assemblage of animals 
at any one spot-must depend not merely upon tem- 
perature but upon the laws regulating the distribu- 
tion of desp-sea ahimals ; a subject on which we Icnow 
as yet very little. 

The bottom in the cold area in the FSroe Channel 
is rough ’gravel. That in the warm is everywhere 
neayly homogeneous ‘ globigerina ooze.’ This cir- 
cumstance alone is sufficient to determine a marked 
difference in the habits of thc animals and their 
mode of life. 

Referring then t o  the foraminifera, the dredge came 
up throughout the warm area full of GZobigwintc and 
O?*buZiiza, and fine calcareous mud, the product of their 
disintegration. Among these were multitudes of 
other forms, most of them of large size. I quote froin 
-Or. Carpenter. Speaking of the XoZteniu gkound, he 
says :-;; The I”oramin@m obtained on this and the 
neighbouring parts of the warm area presented many 
featixres of great interest. As already stated, several 
arenaceous forins (some of them new) were extremely 
abundant ; but in addition to  these we found a great 
abundance of Miliotiizes of various types, many of 
them attaining a very unusual and some -even 
an unprecedented size. As last year, we found 
Cornuspim iwembliiig in general aspect the large 
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Operculilzce of tropical seas, and Biloculince aud 
TriZocuZince far exceeding in dimensions the littoral 
forins of British shores; and with these were asso- 
cated Cristellnria! of no less remarkable size, pre- 
senting every gradation from an almost rectilineal 
to the nautiloid form, and having thc animal body in 
so perfect a state as to enable it to be completely 
isolated by the solution of the shell in dilute acid.” 

Sponges were extremely abundant., but they were 
restricted to only a small number of species; all of 
them with one form or another of the curious an- 
choring habit. Among the IXexactinellidz Eoltenia 
was the most striking and the most abundant form. 
ZQaJonema was also common; but we got few per- 
fect fipecimens with the sponge and glass-rope in 
connection. The conical sponge heads were very 
numerous; they seemed to have been torn off by 
the edge of the dredge, the rope remaining in 
the mud, and the ropes were freqnently brought 
up without the sponge. Almost a11 the ropes were 
encrusted with the constant ‘ commensal ’ of Byu- 
Ionentcc, Palythoa fatziu. Very young examples of 
~Iynlonema, with tho whisp from 5 mm. to 20 mm. 
long, had usually no Pulythoa on them; but when 
they had attained above the latter dimensions in 
almost every case one could see the first polyp of 
the Palythou making its appearance as a small 
bud, and its pink-encrusting ccenosarc spreading 
round it. By far the most common sponge in the 
chalk-mud is the pretty little hemispherical Corti- 
cate fopm Tisiplioiaiu agaric~ornz.is. This species, 
though differing from it greatly in appearance and 
habit, seems to  be closely allied to a, strong, heavy 
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eiicrusting sponge which we met with frequently 
sticking to stones i n  the ‘cold area.’ The form of 
the spicules was nearly though not quite the same, 
and their arrangement was very similar. It appeared 
as if the two forms placed in intermediate circum- 
stances might have approached one another very 

In  the warm area, as in the cold at these great 
depths, there is a singular absence of Hydrozoa. A 
few species of Seh.daria and Phmulnrh, and one or 
two allied forms‘occurred, and they are now in the 
skilful hands of Dr. Allman for determination ; but 
their small number and insignificance is remarkable. 

Neither are the true corals represented by numer- 
ous species, although in some places individuals 
are enormously abundant. During the ‘ Porcupine ’ 
cruises of 1869 twelve species of Madreporaria were 
procured which have been determined by Professor 
Martin Duncan. None of these belong to ‘reef- 
building’ genera, but to a group which are recognized 
as deep-sea corals, a group which appears to have had 
numerous representatives during all the later geolo- 
gical periods. In  a band somewhat restricted in 
depth, extending downwards from the 100-fathom 
liue, we met in some places with very large numbers 
of many varieties of Curyophyllia borealia, FLEMINQ 
(Fig. 4); and at  depths of 300 to 600 fathoms the 
handsome branching Lophohelia poli fera,  PALLAs 

(Pig 30), forms stony copses covering the bottom 
for many miles, the clefts of its branches affording 
fully appreciated shelter to multitudes of Arcrr 
gioddosa, I’soZus aquumnlus, Ophiopltolis aculeuta, 
end otlier indolent ‘ commensals.’ 

closely. 



Five species of Anapluihelia are cited by Professor 
Martin Duncan froiii the ' Porcupine ' expedition :- 
A. profunda, Pouwrnms ; A .  oczduda, L. sp. ; A. nzio- 
ccizica, SEGUENXA ; A.  atluizdicu, n. sp. ; and A. ormdu, 

n. sp. ; and on one or two occasioiis, cliicfly 011 the 
verge of the cold area, tlis hempen tangles involved 
soiiie elegant fragineiits of the stony coral if 11opo1~j 
OCl l l i l tCI ,  I~IIRENl3l3RG (Fig. 31). 
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Although many of the echinoderms of tlic cold 
area are common to the warm, the general facies 
of the echinoderm fauna is different, and there are 
a number of additional and very striking forms. 

Ciclu~is papillata, LESILE, is abundant at  moderate 

deptlis. On our second visit to the Bdtefi ia ground 
we dredged one small specimen of the handsome 
urchin already described, Po~*ociclnris purpurata. 
A iiiie brilliantly-coloured urchin of the Bch,inzrs 
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Jemingii group, but distinguished from E. fEemingii 
by characters which’ I must regard as of specific 
value, Eelhinus nzicrostoma, WYVILLE THOMSON, was 
common and of large size; and adong with it many 
very beautiful brightly-coloured examples of the 
smallest form of 3. ~zo~*uegicus. 

The three species of the Echinothuridm, CuZveria 
h,ystrix, C. fenestrutu, and Plhormosoma placenta have 
as yet been ,met with in this region only, and they 
seem t o  have a wide distribution, stretching at about 
the same depth and temperature from the Fsroe 
Islands to the south of Spain. I hear from Pro- 
fessor Alexander Agassiz that Count Pourtales has 
dredged fragments of one of the species under nearly 
similar circumstances in the Strait of Florida. 
CriBveZla sunguinolelzta was in thousands, of all 
colours-scarlet, bright orange, and chocolate brown. 
Several examples were found of a fine Scytustev, 
probably identical with the Asteiias canayiensis of 
D’Orbigny, and if so having a southern distribu- 
tion. The curious little Pedicellaster typicus of 
Sam was’ not unf‘requent ; a form which looks very 
much like the young of something else. One sinall 
specimen of Pteraster nrilitaris came up from the 
Holtenia ground, but with the exception of Astm- 
pectelz teiruispinus, which seemed to be more abun- 
dant than evcr, the characteristic arctic echino- 
derms were absent. We took no examples here of 
Toxopveustes dyobachiensis, Tkipylus fragilk,  Ai*- 
cActstci* and?*onwda, Cteiiodiscus crispatus, Astropecten 
crrctiw, Btcrple linkii, Ophioscolex gluciaZ&, or 
Antedon escrichtii. It is very likely that there may 
be coloiiics in the ‘ warm area’ of some or of all of 
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these-for the region in which they are common 
under very different climatal conditions is within a 
few miles, and there is no intervening barrier-but 

they certainly are not aliundant. A.~nplzi.urcc abys- 
SMO~CI., SARS, was in  great numbers sticking to thc 
sponges, and Oplziaccciztha spimdosu was nearly as 
common as in the cold arm. 
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We took oiie or t.wo sinall examples of a very fine 
ophiurid, of which larger speciiiiens liad been pre- 
viously found at  about the same depth and tem- 
perature during the second cruise of the same 
season off the coast of Ireland. This form proba,bly 
ought to  be referred to Lyman's genus Opli ioii2usium, 

though the charactcrs of the genus must- be somc- 
what altered to admit it. Oj~hioiizeisizcnz eburiaezim, 
LYMAN, of which several specimens mere talrcn by 
Count Pourtales at dcpths of from 270 to 335 
fathoins, off Sandy Key, is clistinguislied by the 
arcat solidity and coimplete calcification of the 



perisom. The plates of the disk are soldered 
together, so as to form a close mosaic (~uuo&w). 
The mouth-papills are fused into two lines, their 
number being only indicated by grooves. The 
lateral arm-plates are united together above and 
below, the upper and lower arm-plates are reduced 
to  mere rudiments, and there are no tentacle pores 
beyond the first arm-joints. 

I n  our new species, wliicli I name provisionally 
Op7~~onz~csium lymuizi, the diameter of the disli is 
28 mm., and the length of each arm 100 inm. in 
large specimcns. The two lateral arm-plates, fuscci 
together above and below, form complete rings, their 
distal edge notched on each side for the insertion of 
seven arm spines, of which the lowest is much longer 
than the rest. The dorsal arm-plates are small and 
diamond-shaped, let in between the lateral arm- 
plates at  the distal end of their upper line of 



CHAP. IV.] THE C‘RUI&W OF THE ‘PORCUPINZ.’ 1’7.5 

junction. The ventral arm-plates are entirely absent. 
This is a large handsome star-fish. I am not aware 
of any fossil form which can be referred to the same 
genus; but it looks like a thing which niiglit be 
expected to  have congeners in the upper chalk. 
Holothurids were not frequent, but the singular 
little Zclt,inocucunzis typica of Sam, covered with 
spiny plates, turned up in every sifting. 

I’m. YS.-AnLalhin carpntori, NOILMAX. Onao niid n 111111 the natural siro. ( A v  1; ) 

Crustacea are numerous ; but we have here entirely 
lost t‘ne gigantic Arctic amphipods and isopods of 
the cold area.’ A pretty little stalk-eyed form 
Dorpzdms tlzomsoizi, NORMAN (Fig. 34), small and 
delicate, and very distinct from all previously de- 
scribed specics of the g:‘cnus, is very widcly diffused. 
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This crab, from its long spiny legs and light body, 
very oft& comes up entangled on the part of thc rope 
which had been passing over the ground. Another 
liandsoue new species, Amathia cnrpenteri, NOR- 
BIAN (Fig. 35), was common in the sandy chalk- 
mud of the ‘ Holtenia groufid.’ The genus had 
previously been familiar as a Mediterranean form, 

I quote from a preliminary notice of the Crus- 
tacea by the ltev. A. Merle Norman: “Bthusa 
granulata (sp. n.), the same Rpecies as that found 
off Valentia, byt exhibiting a .most extra0rdiaar.y 
modification of structure. The examples taken a t  
110--370 fathoms in the more southcrn habitat 
have the carapace furnished in front with a spi- 
nose rostriim of considerable length. The animal 
is apparently blind, but has two remarkable spiny 
eye-stalks, with a smooth rounded termination 
where the eye itself is ordinarily situated. In the 
specimens however from the north, which live in 
649 and 705 fathoms, the eye-stalks. are no longer 
moveable. They have become firmly fixed in their 
sockets, and their character is quite changed. They 
are of much larger size, approach nearer to  each 
other at their base, and instead of being rounded at  
their apices they terminate in a strong rostrate 
point. No longer used as eyes, they now assume the 
functions of a rostrum; while the true rostrum so 
conspicuous in the southern specimens has, marvellous 
to state, become absorbed. Bad there been only a 
@ingle example of this form procured, we should a t  
once have concluded that we had found a monstrosity, 
but there is no room for such an hypothesis by which 
to escape from this most strange instance of modifi-, 
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cation of structure under altered conditions of life. 
Three specimens were procured on two different 
occasions, and they are in all respects similar.” 

Mollusca are much more abundant and varied 
in the warm area than in the cold. Mr. Gwyn 
Jeffreys remarks, however, that there is not such 
a decided difference in the Molluscan fauna of the 
two regions as might have been expected from the 
difference in their conditions ; very many species 
being common t o  both. At 500 fathoms the sponges 
are full of Pecten vitreus, CHEM., and Columbella 
Imliceti, JEFEREYS ; and throughout the area species 
occur of many Molluscan genera, including Lima, 
Dacridizcnz, Nucula, Leda, Montcicuta, Axinus, Astarte, 
Felliiza, Nea;ra, Dentalium, Cadulus, Siphonoden- 
tu lium, Rissocc, Aclis, Odostomia, Aporrha.is, Pleuro- 
toma, Pusus, and Buccinunz. 

Taken as a whole the fauna of the warm area off 
the north of Scotland seems t o  be an extension of 
a fauna with which we are as yet very imperfectly 
acquainted, occupying what we must now call 
moderate depths, say from 300 t o  800 fathoms, 
along coasts which are bathed by currents of eyua- 
torial water. The fauna of this zone is evidently 
extremely rich; and as it is beyond the reach of 
ordinary dredging from an open boat, and yet not 
at  a sufficient depth t o  present any very great diffi- 
culty from a yacht of average size, its exploration 
seems to present just the combination of adventure 
and novelty to stimulate amateurs; so we may 
hope shortly to have its conditions and distribution 
cleared up. A most snccesfiful step in this direction 
has been made already by Mr. Marshall Hall, who, 

h’ 



with bis yacht ‘Norna,’ and with the aid oE Mr. 
Saville Kent, has thrown a good deal of additional 
light upon the zoology of the ‘ warm area’ off the 
coast of Portugal. 

We left Stornoway on the 13th of September, and 
in the afternoon dredged for a few hours in Loch 
Torridon without much result. Late in the evening, 
steaming clown liaasay Sound, we came upon the 
luminous forest of Pavoizui*ia to which I have already 
referred. At noon, on the 14th, we were abreast of 
the Island of Null, and on the 15th we were once 
more moored in the Abercorn Basin, Belfast, where 
we took leave of tlie ‘ Porcupine’ and our highly- 
valued friends her captain and officers ; in the hope 
of meeting them again shortly, and thoroughly 
satisfied with the success of our summer’s work. 

On the 24th of March, 1870, a letter was read at 
the council meeting of the Royal Society from Dr. Car- 
penter, addressed to tlie President, suggesting that an 
exploration of tlie deep sea, such as was carried out 
during 1868 and 1869 in the regions to the north and 
west of the British Islands, should now be extended 
to the south of Europe and the Mediterranean, and 
that the council of the Royal Society should recom- 
mend such an undertaking to the favourable con- 
sideration of the Admiralty, with a view to obtain 
tho assistance of Her Majesty’s Government, as on 
the previous occasions. The official correspondence, 
with reference to the expedition of tlie summer of 
1870, is given in Appendix A to  the present chapter. 

It was intended, as on the previous occasion, to 
divide this year’s expedition into cruises ; and again 
MY. Gwyn Jeffreys undertook the scientific direction 



of the firstocruise, at  a time when both Dr, Carpenter 
and I were occupied with our official work. A young 
Swedish naturalist, M i .  Joshua Lindabl of the Uni- 
versity of Lund, accoinpanicd him as zoological 
assistant, and Mr. W. L. Carpenter took charge of 
the chemical department. It was arranged that Rlr. 
Jeffreys’ cruise should extend from Falmouth to  
Gibraltar. Dr. Carpenter and I were to have rc- 
lieved him at Gibraltar, meeting the vessel there, and 
to have worltecl together as we did the year before; 
but I was unfortunately laid up with an attack of 
fever, and the whole charge of the last cruise in the 
Nediterranean rested with Dr. Carpenter. Owing to 
this untoward circumstance, I must give at second- 
lraiid the brief account of the first part of the work 
of tho year 1870 which is necessary to complete tho 
s l d c h  of what has been done towards the illus- 
tration of the condition and fauna of the North 
Atlantic. I n  the Mediterranean Dr. Carpenter found 
the conditions of temperature and of the distribu- 
tion of animal life entirely exceptional, as might 
have been to a certain extent anticipated froni the 
exceptional circumstances of that land-locked sea. 
%’he investigation of 18’70 can only be said to have 
broken ground towards the solution of a series of 
very special and peculiar problems; and I am not 
in a position to go farther at present than to indicate 
the general results at which my colleague has arrived. 

The ‘ Porcupine ’ left Falmouth on the 4th of July, 
but was detained in the Channel for sever31 days by 
fogs and contrary winds. On the 7th of July, tli.ey 
reached the slope from the plateau of the Channel t o  
the deep water of ilic Atlantic, and took a first haul 

N 3  
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i n  567 fathoms. Mr. Jeffreys reports the contents of 
the dredge as small but very interesting. Among 
t h g  rnollusca he notes Terebratula septatn, Limopsis 
borealis, Hela tenella, Perticordia nbyssicota, Turbo 
Jilosus, and Bingiczcla ventricosn. Turbo filoszcs and 
its variety T. g l a b ~ a t t ~ s  had previously been known 
only as fossils iii tlie tertiaries of Calabria and Mes- 
sina. Terebratula septata, Lincropsis borealis, and 
Hela teizella are likewise fossil in the Pliocene beds of 
southern Italy, and are found 'living in the Scandi- 
navian seas. k M r .  Norman notes among the crus- 
taceans new species of Ampelisca and of six other 
genera ; and the beautiful scarlet Zchinzcs microstoncra 
was the most conspicuous echinoderm. 

The wind, as the vessel passed over the slope of the 
Channel, mas rather too light €or succcssful dredging ; 
the drift-way was scarcely sufiicient to carry the 
dredge along. The tangles were most valuable, 
coming in as  highly effective aids, particularly in 
securing all things provided with anything in tlie 
form of spincs or other asperities. 

On the 8th the first haul was iiearly a failure. Other 
hauls later in the day, at 690 and 600 fathoms, gave 
important results. Rhynchonelln sicula, SEGUXNZA ; 
Plewonactia, sp. n. ; and Actceon, sp. n., occurred : 
besides the usual northern species. Mr. Norman 
reports as to No. 3 : " A  most important dredging, 
the rcsults among the crustacea being more valu- 
able than all thc rest put together-at any rate 
of the first cruise. It contains almost all of' the 
choicest of the new species in last year's expedi- 
tion, and four stalk-eyed crustaceans of great in- 
terest, three of which are new, and the fourth, 
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Geryon tridem, is a fine Norwegian species. With 
these are associated two forms of a more southern 
character, 3aachzLs dorsettensis and Bbalia cmnchii, 
which I should not have expected at so great a 
depth.” The echinoderms were a very northem 
group. They included Cicluris pupillata, Echinus no?*- 
vegicus and #. naicrostoma, the young of Biissopsia 
lyri$ei*a, Astropecten amticus, Awliaster aiidromedu, 
and A. parellii, with a small specimen of Ophio- 
~ms ium lymaiai, several examples of Oplriucaiztlm 
spiizulosu, and as usual one or two of the universally 
distributed ~cl~inocz6cuniis typicu. Dr. McIntosh, to 
whom the annelids were referred, notices as a species 
supposed to be specially northern, I’ILeleps cow- 
fiatus, FAB. ; and IIolteiaia carpeiateii, our familiar 
anchoring sponge, of all sizes and ages and in consider- 
able numbers, was entangled in the hempen ‘ swabs.’ 

July gth.-The wind still too light for effective 
work. Dredged in 717 and 355 fathoms, thc assem- 
blage of inollusca having tlie usual.character of being 
to a great cxtent common to the recent fauna of tlie 
seas of Norway and to the pliocene fauna of Sicily 
and the Mediterranean. It included on this occasion 
Terebratella spitzhergensis, an arctic and Japanese 
form, Pecten vitmres, and P. arutus, Leda pemulu, 
Frochus sutuwdis, Oclostoiiaia nitens, and PZeurotonaa 
hkpidulum. Among the echinoderms was a fine 
specimen of B?*isiiagn eiadecacnemos, RBSJORNSEN, 
very markedly different from B. coronata, which was 
the form commonly met with in the north. The 
corals mere represented by Aiqddie l ia  oculata and 
Dessmophytluiu crista-galli. Among the annelids were 
Pista wistatu,  0. F. MULLER, and T~*oplrowia glc(t(cc(, 
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MALMGXXN, both of thcin Arctic species. The 10th 
was Sunday, and the vessel lay-to, and on the 11th 
they dredged, still on the slope of the channel plateau, 
with nearly the same result as before, thc fauna 
maintaining the same cliaracter. 

Mr. Gwyn Jeffreys was now anxious to get a haul 
or two in the very deep water off the mouth of the 
Bay of Biscay, which we had explored successfully 
in 1869. They therefore steamed southwards, going 
a considcrable distance without dredging, as they 
were afraid of conzing in contact with tlie cable 
between Urest and North America. When they got 
to their ground unfortunately bad weather set in, 
and they were obliged t o  make for Vigo. On Thurs- 
day, July 14t11, they passed Cape Pinisterre, and 
dredged in 81 fathoms about 9 miles from the 
Spanish coast. Along with a number of familiar 
forms, some of them with a wide northern exten- 
sion, they here -took on the tangles two specimens. 
one young and one apparently mature, both con- 
siderably injured, of the singular Echinidean already 
mentioned, Calve~ia fenestratu. This is evidently 
not a rare form nor is it confined to very deep water ; 
it is rather remarkable that it should have escaped 
notice so long. On the 15th, they sounded in from 
100 to 200 fathoms, about 40 miles from Vigo, and 
on the 16th took onc or two liauls in Vigo Bay a t  
a depth of 20 fathoms. This locality had already 
been well-nigh exhaustcd by Mr. McAndrew in 1849, 
and only a fern additions were made t o  his list. 

They left Vigo on the 18th. I quote from Mr. 
Gwyn Jeffreys :- 

" Wednesduy, July BOtk.-Drcdged all day with 
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considerable success at  depths from 380 to 994 
fathoms (Stations 14-16> : the wind and sea had now 
gone down; and we took with the scoop-net a few 
living specimens of Clio cuspidutu. The dredgings in 
380 and 4G9 fathoms yielded among the mollusca 
Leda lucida (Norwegian and a Sicilian fossil), Axiizus 
euntynrizcs (also Norwegian), N e w a  obesn (Spitz- 
bergen to the West of Ireland), OdostonzicL, 11. sp., 0. 
eizimta (Mcditermnean), and Cedhiuaa, n. sp. ; and 
among the echinoderms were B&i?zga eizdecacneinos 
and Asteroizyx ZovEni. But the results of the dredg- 
ing in 994 fathoms were so extraordinary as to excite 
our utmost astonishment. It being late in the eren- 
ing, the contents of the dredge could not be sifted 
and examined until daylight the next morning. We 
then saw a marvellous assemblage of shells, mostly 
dead, but comprising certain species which we had 
always considered as exclusively northern, and others 
which Mr. Jeffreys recognized as Sicilian tertiary fos- 
sils, while nearly 40 per cent. of the entire number 
of species were undescribed, and some of them repre- 
sented new genera. The following is an analysis of 
the mollusca perfect and fragmentary taken in this 
one haul:- 

0 l . d C l . S  

I3mcliio~odu. . . . 1 ' 1 
Conc\iif;tra . . . . 50 

Eeteropoda . . . . I 1 

8 -  Solcnoconchia . . . I I 

Gasteropoda . . . . 1 113 

14 Pteropoda , . . . 

' l8G 
-- i 

. . . .  

33 
3 

42 
1 

12 

9 1  
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The northern species above referred to are 34 in num- 
ber, and include Dacridiunz zjiti*eunt, Nucula punzila, 
Leda lucida, L, f i i g i d a ,  Yerticordia ahyssicola, Neara 
jugosa, N. obesa, Tectura fulva, Pissurisepta papillosu, 
Torellia vcstita, Pleurotoma tuwicula, Admete viridula, 
Cylichna alba, Cyliclma ovata, JEFPREYS n. sp., Bulla 
conulus, S .  WOOD not DESIIAYES (Coralline Crag), 
and Xccqhx?adei* librarius. Leda lucida, Neera  jugosa, 
Tectura fulva, Fhsurisepta papillosa, Torellia vestitct, 
as well as several other known species in this dredging, 
are also fossil in Sicily. Nearly all these shells, as 
well as a few small echinoderms, corals, and other 
organisms, had evidently been transported by some 
current to the spot where they were found ; and they 
must have formed a thick deposit similar to those of 
which many tertiary fossiliferous strata are composed. 
It seemed probable also that the deposit mas partly 
caused by tidal action, because a fragment of Melanz- 
pus nzyosotis (a littoral pulmonibranch) was mixed 
with deepwater and oceanic l’ectinibranchiates and 
Lamellibrancliiates. None of the shells were Miocene 
or of an older period. 

“This remarkable collection, of which not much 
more than one-half is known to conchologists, not- 
withstanding their assiduous labours, teaches us how 
much remains to be done before we can assume that 
the record of Marine Zoology is complete. Let us 
compare the vast expansc of the sea-bed in the North 
Atlantic with that small fringe of the coast on both 
sides of it which has yet been lmrtially explored, and 
consider with refcrence to the dredging last men- 
tioned what are the prospects of our ever becoming 
acquainted with all the inhabitants of the deep 
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throughout the globe ! We believe, however, that a 
thorough examination of the newer Tertiaries would 
materially assist us in the inquiry ; and such exami- 
nation is feasible and comparatively easy. Much 
good work has been done in this line ; but although 
the researches of Brocchi, Bivona, Cantraine, Phi- 
lippi, Calcara, Cost a, Awlas, Brugnone, Seguenza, 
and other able palteontologists in the south of Italy 
have extended over more than half a century, and 
are still energetically prosecuted, many species of 
inolluscous shells are continually being discovered 
there, and have never been published. Besides the 
Mollusca in this dredging from 004 fathoms, Pro- 
€essor Duncan informs us that there are two nev 
genera of corals, and Flabellzcm dist i i w t t i m ,  which last 
lie regards as identical with one from Korth Japan. 
It coincides with the discovery on the Lusitanian 
coasts of two Japanese species of a curious genus of 
Mollusca, Ye,ticos.dia, both of which are fossil in 
Sicily and one of them in the Coralline Crag of 
Suffolli." 

In  the same dredging there are a number of very 
singular undescribed sponges, many of' them recalling 
some of the most marked characters of one of the 
sections of Ventriculates. These will be referred to 
in a future chapter. 

On Thursday, the 21st of July, dredging was 
carried on all day at depths from 600 to 1095 fathoms, 
lat. 39" 42' N., long. 9'43' TV., with a bottom tempera- 
ture at 1095 fathoms of 4"*3 C. and at  740 fathoms 
of 9"-4 C .  The dredging was most successful ; many 
of the new and peculiar mollusca of the last dredging 
were talteii liere alive, with several additional forms. 
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Several undescribed crustaceans were addecl ;-a new 
species of the genus Caxocyuthus among the corals, 
and a species of an unimown genus allied t o  Batf iy-  
cycdhus. U?*isingu cnclcccmzcrnos and some new oplii- 
urids were part of the treasures, but the greatest 
prize was a splendid Pelztucriizus about a foot long, of 
which several specimens came up attached to the tan- 
gles. This northern Sea-lily, on  which my friend Mr. 
Gwyn Jeffgeys has bestowed the name Pe?ztuc~i?zzcs 
i~yzsiZle-tl~onzsoizi, will be described hereafter with some 
other equally interesting members of the same groul). 

Cape Espichel was reached on the 25th. The 
weather was now, however, so rough that Captain 
Calver was obliged to  take shelter in Setubal Bay. 
Professor Barboza de Bocage of Lisbon liad given 
Mr. Gwyn Jeffreys a letter of introduction to the 
coastguard oGcer at Setubal, who knew the placc 
where the deep-sea shark and the 2IyuZonenzu are 
taken by the fishermen, but the  state of the weather 
prevented his taking advantage of it. 

Off Cape Espichel in 74.0 and 718 fathoms, with a 
temperature of 1 0 O . 2  C., the mollusca were much the 
same as those from Station 16, but included Lcda 
pusio, Limopsis pygmceu (Sicilian fossils), and Perti- 
cordiu acziticostatu. The last-named species is in- 
teresting in a geological as well as a geograpliicul 
point of view. It is fossil in the Coralline Crag 
and the Sicilian Pliocene beds, and it now lives in the 
Japanese archipelago. Mr. Jeffreys suggests a mode 
of accounting for the coininunity of so many species 
to the eastern borders of the Atlantic basin and the 
Mediteimnean, in which several Japanese brachi- 
opods and crustaceans are founcl, and the scas of 
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Northern Asia, by supposing a inigratiou through 
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more than we yet do of the extension both in time 
and space of the fauna of deep water before we can 
come to any certain conclusion on these questions. 

Dredging across the entrance of the Strait of Gib- 
raltar in 477, 651, and 554 fathoms, Stations 31, 32, 
and 33, with a bottom temperature of 10O.3, l O O . 1 ,  

and 10"*0 respectively, many remarkable forms were 
dredged, including a very elegant sponge, apparently 
allied to, i f  not identical with, Oscar Schmidt's, 
Cuminus vulcuni, and some beautiful forms of the 
Corallio-spongiE; which will be noticed in a future 
chapter. Station No. 31 yielded a sponge form 
which recalled the branching heather-like Cladorhixu 
of the cold area off Ftieroe. Chonclrocladiu virgata 
(Fig. 36) is a graceful branching organism from 
twenty t o  forty centimetres in height. A branching 
root of a cartilaginous consistence, formed of densely 
packed sheaves of needle-shaped spicules bound 
together by a structureless organic cement, attaclies 
the sponge to some foreign body, and supports it 
in an upright position; and the same structure is 
continued as a solid axis into the main stem and the 
branches. The axis is made up of a set of very definite 
strands like the strands of a rope, arranged spirally, 
so as t o  present at first sight a strong resemblance t o  
the whisp of Hyulonenza ; but the strands are opaque, 
and break up under the point of a knife ; and uuder 
the microscope they are found to consist of minute 
needle-like spicules closely felted together. The soft 
sponge substance spreads over the surface of the axis 
and rises into long curving conical processes, towards 
thc end of which there is a dark greenish oval mass 
of granular sponge matter, and thc outline of the 
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cone is continued beyond this by a number of 
groups of needle-shaped spicules which surround a 
narrow oscular opening. All parts of the sponge 
ai-e loaded with triple-toothed ‘ bihamate ’ spicules 
of tlie sarcode. 

On the 5th of August the ‘ Porcupine ’ steamed into 
Tangier Bay, after ineffectually trying t o  dredge in 
190 fathoms off Cape Spartel. I n  Tangier Bay two 
casts were taken at a depth of 35 fathoms. The 
fauna was chiefly British, with a few more southern 
forms. 

On the Gth of August Nr.  Jeffreys went t o  Gib- 
raltar, and there yielded up the reins to Dr. Car- 
penter, going on to Sicily wid Xalta, for the purpose 
of examining the newer tertiary formations in the 
south of Italy, and the collections of fossil shells at 
Catania, Messina, Palermo, and Naples, in connec- 
tion with the results of his cruise. 

On Monday, the 15th of August, Captain Calver, 
with Dr. Carpenter, mho fortunately retained the 
services of Mr. Lindahl as assistant, in charge of the 
science department, steamed out into the middle of 
the Strait for the purpose of‘ commencing a series 
of olxm*vations on the currents of the Strait of 
Gibraltar. 

These experiments, which at  the time were not 
considered very satisfactory, mere repeated and ex- 
tended in the summer of 1871 by Captain Nares, 
R.N., and Dr. Carpenter, in H.M. S. ‘ Shearwater.’ 
Their curious results have been given in great detail 
by Dr. Carpenter in tho Proceedings of the Royal 
Society of London, and by Captain Nares in a special 
repod t o  tlie Admiralty. As it is my purpose to  



confine myself at  present almost exclusively to the 
description of the phenomena of the deep water in the 
Atlantic so far as these have been worked out, I 
will not liere repeat the narrative of the experiments 
in the Strait. I will, however, give a brief sketch of 
DP. Carpenter's cruise in the Mediterranean, as thc 
remarkable phenomena connected with the distribu- 
tion of temperature and of animal life which hc 
observed, . illustrate while they contrast with the 
singularly different conditions which have Been 
already described in the outer ocean. 

The first sounding in the basin of tlie Mediter- 
i*anean was talien on the 16th of' August, lat. 36" 0'- 
K., long. 4'40' W., at  a depth of 586 fathoms, with a 
bottom of dark grey mud. The surface temperature 
was 2 3 O . G  C., and the bottom teuiperature 12"% C., 
about tlirec degrees higher than at thc same depth 
in the ocean outside. A serial sounding was taken to 
cletcrmine the rate of the diuliiiutioii of temperature, 
with the following curious result :- 

Surfiiro . . . . . . . . . . .  23"- 6C. 
10 fntllouis . . . . . . . . .  20 . I) 

. . . . . . . . .  1 8 . 6  20 9 1  

30 3 ,  . . . . . . . . .  1 7 . 5  
40 9 )  . . . . . . . .  . 1 6 . 7  

. . . . . . . . .  1 5 . 6  50 > >  

100 ,) . . . . . . . . .  1 2 . 8  
586 ,, . . . . . . . . .  1 2 . 8  

Thus the temperature fell rapidly for the first 30 
fathoms, more slowly for the next 20, from 60 to  100 
lost only 3" C., and before reaching the depth of a 
liundrcd fathoins had attained its ininiinum tempers- 
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ture, there being no further diminution to thc bottom. 
This serial sounding and all the subsequent tempera- 
ture observations taken during t hc lleditcrranean 
cruise showed that the trough of the Meditcrranean 
from the depth of 100 fathoms downwards is filled 
with tl mass of water at almost exactly tlic same 
temperature throughout, B temperature a little above 
or below 1 2 O . 7 5  C. 

The following .instances have been cited by Dr. 
Carpenter from the earlier observations in the M.edi- 
teirancan basin, to show thc great uniformity of the 
bottom temperature for all depths :- 

730 ! 13". 4C. 33". GC.; Lal. 35" A?' N. 
790 1 1 3 . 2  2 3 . 2  35 45 
1G2 ' 1 3 . 4  2 3 . 8  35 24 
455 1 1 3 . 0  21 e o  35 42 20" 
207 12 * 4  22 * G  35 36 10" 
493 1 3 . 0  5 2 3 . 0  35 59 
845 1 2 . G  ! 3 1 . 0  : 3 7 2 5 3 0 "  

- ! i 

- ...... 
S U l l l b C l  

0 I 
StlLtloll. 

41 
42 
43 
44 
4 s 
4. 6 
47 

Long.Pl2'W. 
3 57 
3 1 30" 
3 00 30" 
3 39 30" 
1 56 
1 10 30" 

At this last Station (No. 47) a serial sounding was 
taken, which entirely coilfirmed the results of tbe 
first (No. 40) :- 

Surface.  . . . . . . . . . .  20". 9 C. 
10 firthoms . . . . . . . . .  15 . 2 
20 ,, . . . . . . . .  . 7 4 * 4  

. . . . . . . . .  13.8 30 ,, 

. . . . . . . . .  1 3 . 3  40 9 :  

. . . . . . . . .  13.1 50 9 )  

. . . . . . . . .  1 2 . 6  100 ,, 
815 ), . . . . . . . . . .  1 2 . 6  
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-again a mass of water lying at the bottom, 745 
fathoms-not far from a mile-in depth, at the 
uniform temperature of 1T.6 C. ( 5 4 O . 7  I?.) 

The dredge was sent down at each successive 
station, but with very poor result; and Dr. Car- 
penter was driven t o  the conclusion that the bottom 
of the Mediterranean at depths beyond a few hundred 
fathoms is nearly azoic. The conditions are not 
actually inconsistent with the existence of animal 
life, for at most of the stations some few living forms 
were met with, But they are certainly singularly un- 
favourable. Thus at Station 49, at a depth of 1412 
fathoms, and a temperature of 12"-7 C., the following 
species of mollusca were obtained : Nuculu quudmtu, 
n. sp. ; N .  pu?nilu, ABSJORNSEN ; Ledu,  n. sp. ; Yerti- 
cordia grunuluta, SEG. ; nelu  te?ze&%, JEPPREYS ; 
T?*ocltus gemmulatus, PH.; Rissoa subsolutu, RRADAS ; 
Nutica a&is, GMELIN ; l'rophon nz.ultilumellosus, 
PH. ; Nussu pisnzutica, Bn. ; Columhella haliidi, 
JEFF. ; Buccinium acuticostutunz, PH. ; Pleui-otonza 
cui-inatum, CRISTOFORI and JAN ; P. torpuatum, PH. ; 

Near the African coast the fauna was more abun- 
dant, but the bottom was so rough that it was unsafe 
to use the dredge, and the tangles were usually sent 
down alone. Many polyzoa, echinoderms, corals, and 
'sponges were taken in this way, but they were mostly 
well-known Mediterranean species. After remaining 
for a few days at Tunis and visiting the ruins of 
Carthage, dredging was resumed on the 6th of 
September on the ' Adventure' Bank, so called from 
its having been discovered by Admiral Smytli when 
surveying in H.M.S. ' Adventure.' Here, at depths 

f P. decussatunt, PIX. 
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froin 30 t o  260 fathoms, animal life was tolerably 
abundant. With other mollusca the following were 
found : -TTOC~LUS suturalis, PIE. (Sicilian fossil) ; 
Xenopltora crispa, KONIO (Sic. €ossil) ; C’liclma 
striatutu, FORBES (Sic. fossil) ; C. ovdata,  BROCCHI 
(Sic. fossil) ; Gadinia excent?-ica, TIBERI ; Xcalai*iw 

jhondosn, J. SOWERBY (Sicilian and Coralline Crag 
fossil) ; Pyramidella pZicosa, BRONN (Sic. and Cor. 
Crag fossil) ; Actaon pusillus, FORBES (Sic. fossil). 
The Echinodermata were abundant so far as indi- 
viduals went, but the number of species was small, 
and they were nearly all well-known Mediter- 
ranean forms. Cidwis pupidlwta, LESKE, showing 
many varieties, but differing in no specific character 
from the many forms of the same speci2s which 
range from North Cape to Cape Spartel in the 
ocean outside. The Mediterranean varieties of this 
species are certainly Cidaris hystrix, of Lamarck. 
I feel a degree of uncertainty about the pretty 
little Cidaiis, described by Philippi under the name 
of C. afinis. Characteristic examples of it, which 
are abundant on the ‘Adventure’ Bank and along 
the African coast, loolr very distinct. They are of 
a beautifid deep rose red, the spines are banded 
with red and brownish-yellow, and come to a fine 
point, while those of C. papillata are. usually blunt 
at the point, and frequently even a little expanded 
or cupped; and the portion of the interamliu- 
lacral plates covered mith miliary gramles is wider, 
and two defined rows of body spines nearly of equal 
size lie up against the bases of the primary spines, 
over the alveolec. These mould appear t o  be cha- 
racters of specific value, but then again there are 

0 
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a mass of intermediate forms; and although after 
careful consideration I have described the two 
species as distinct, I find it a matter of great diffi- 
culty to  draw the line between them. Several 
specimens of a handsome Asirogoizium allied to 
A.  granulccrs were taken on the cAdveiiture' 
Bank. Professor Duncan reports sornc interesting 
corals, and Professor Allman two new species of 
dgluopheizia ; and Dr. Carpenter detected once 
more the delicate Orbitolites telzzcissimw, and the 
large nautiloid Lituola, with which he was familiar 
in the dredgings in the Atlantic. 

After a short stay at  Malta, on September 20ththe 
'Porcupine' steamed out o i  Valetta Harbour, and 
steered in a north-easterly direction, towards a point 
seventy miles distant, at which a depth of 1700 
fathoms was marked on the chart. This was reached 
early the next morning, and the line ran out 1'743 
fathoms, lat. 36" 31' 30" N., long. 15" 46' 30" (No. 60), 
with a temperature of 13'4 C., more than half a 
degree higher than the temperature of the deepest 
sounding in the western basin. The tube of. the 
sounding apparatus brought up a sample of yellow 
clay, so like the bottom at some of the most unpro- 
ductive spots in the western Mediterranean, that 
it was not considered advisable to delay the time 
necessary for even a single cast of the dredge, which 
at that depth would have occupied nearly a day. 
Bhring thus satisfied themselves as far as they 
could by a few observations that the physical con- 
ditions of the eastern basin of tho Mediterranean 
were similar t o  those of the western, they steered for 
the coast .of Sicily. Quietly along 'the Sicilian coast 
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during the night, in early morning through the 
narrowest part of the Strait between Mcssina and 
Reggio, past Charybdis and tlie castled rock of Scylla, 
and so out of the cFaro' into the open sea to the 
north of Sicily, studded with the Lipari Islands. 
A temperature sounding taken near Stromboli, lat. 
38" 26' 3 0  N., long. 15" 32' E., gave a depth of 730 
fathoms, and a bottom temperature of 1S.1 C., while 
the temperature of the surface was 22O.8 C. 

Under the rugged cone of Stromboli the dredgers 
took another set of temperatures, with the result COM- 

mon t o  the whole volcanic neighbourhood of Sicily, 
of a temperature slightly higher than that of the deep 
water in the western basin of the Mediterranean, a 
phenomenon of which it would take long and careful 
observation to determine the cause ; and while doing 
so they pondered on the cloud of smoke hanging over 
the peak, so suggestive of the theatre of subterranean 
change beneath, and admired the industry and enter- 
prise of those who, rendered contemptuous by the 
familiarity of ages, carried tlieir vineyards c c  all over 
the zone, save on two sides, looking north-west and 
south-east, over one or other of which there is a con- 
tinual discharge of dust and ashes." 

Their course was now laid straight for Capo de 
Gat, which they passed on the 27th of September, 
arriving at Gibraltar on the 28th; At Gibraltar, 
Dr. Carpenter resumed his observations and experi- 
ments on the currents of the Strait. These obser- 
vations were continued until tlie 2nd of October, 
when it became necessary for Captain Calver to re- 
turn homewards. T l i ~  coast of Portugal was repassed 
in fine weather, the time at their disposal not s I ~ V -  

0 2  
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ing any further use of the dredge in the deep water, 
and after encountering a fresh breeze in the chops o i  
the Channel, on the evening of October the Sth, the 

Porcupine ' anchorecl at Cowcs. 
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APPENDIX A. 

Extracts front t h ~  Minula of Council of the Royal Xocicty, and 
other qficial  Documents mferring to the Cmise of H.M.S. 
‘ Poycupine’ during t k c  Sunmer of 18’10 :- 

March 24, 1870. 

A Letter was read from Dr. Carpenter, addressed to the 
President, suggesting that an Exploration of the Deep Sea, such 
as was carried out during 1868 and 1869 in  the regions to the 
North of the British Islands, should now be extended to the 
South of Europe and the Mediterranean, and that the Council 
of the lZoyal Society should recorninend such an undertaking to 
the favourable consideration of the Admiralty, with a view to 
obtain the assistance of Her Majesty’s Government as on the 
previous occasions. 

Hesolved,-That a Committee, consisting of the President 
and Officers, with the Hydrographer, Mr. Gwyn Jeffreys, 
Mr. Siemens, Professor Tyndall, and Dr. Carpenter, with 
power to  add to their number, be appointed, to consider 
the espediency of adopting tlie proposal of Dr. Carpenter, 
and tlie plan to be follomed in carrying it out, as well 
as the instruinents and other appliances that would be 
required, and to report their opinion thereon to the 
Council ; but with powor previously to communicate to tlie 
Admiralty a draft of such report as they may agree upon, 
if it shall appear to them expedient to do so in order to 
save time. 

April  28, 1870. 

Read the following Report :- 

“ The Committee appointed on the 24th of March to consider 
a proposal for a further Exploration of the Deep Sea during the 
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ensuing summer, as well as the scientific preparations which 
would be required for a new expedition, beg leave to report as 
follows :- 

“The general course proposed to be followed, and the chief 
objects expected to be attained in a new expedition, are pointed 
out in the following extract from the letter of Dr. Carpenter, 
read to the Council on the 24th ult., which was referred to the 
Committee :- 

I‘ ‘ The plan which has been marked out between my colleagues 
in last year’s work and myself is as follows :- 

(‘ I Having reason to hope that the I‘ Porcupine ” may be spared 
towards the end of June, we propose that she should start early 
in July, and proceed in a S.W. direction towards the furthest 
point to which our survey was carricd last year; carefully 
exploring the bottom in depths of 400 to 800 fat.honls, on 
which, as experience has shown us, the most interesting collec- 
tions are to be made; but also obtaining 8 few casts of the 
Dredge with Temperature-soundings at  greater depths, as oppor- 
tnuities may occur. 

“ ‘ The course shoidd then be nearly due South, in a djrection 
of general parallelism with the coast of France, Spain, and 
Portugal, keeping generally within the depths just mentioned, 
but occasionally stretching westwards into yet deeper waters. 
From what has been already done in about 400 fathoms’ water 
off the coast of Portugal, there is no doubt that the ground is 
there exceedingly rich. When approeching the Straits of 
Gibraltar, the survey, both Physical and Zoological, should be 
carried out with great care and minuteness; in  order that the 
important problem as to the currents between the Mediterranean 
and Atlantic Seas, and the relation of the Mediterranean Fauna 
to that of the Atlantic (on which Mr. Gwyn Jeffreys is of 
opinion that the revults of our last year’s work throw an entirely 
new light), may be cleared up. 

Mr. Gwyn Jeffreys is prepared to undertake the scientific 
charge of this part of the expedition ; and if Professor Wyville 
Thomson shonlc! not be able to accompany him, it will not bo 
difficult to find him a suitable assistant. 

‘ I  I The ship would probably reach Gibraltar early in August, 

‘ I  
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and there I should be myself prepared to join her, in place of 
&. Jeffreys, with one of my sons as an assistant. We should 
Propose first to complete the survey of the Straits of Gibraltar, 
if that should not have been fully accomplished previously ; and 
then to proceed eastwards along the Mediterranean, rnaking 
stretches between the coasts of Europe and Africa, so as to carry 
out as complete a survey, Physical and Zoological, of that part 
of the Mediterranean basin as time may permit. Malta would 
probably be our extreme point; and this we should reckon to 
reach about the middle of September. 

‘‘ ‘ It is well known that there are questions of great Geolo- 
gical interest connected with the present distribution of Animal 
life in this area; and we have great reason to believe that we 
shall here find at considerable depths a large number of Tertiary 
species which have been supposed to be extinct. And in regard 
to the Physics of the MediteiTanean, it appears, from d.l that 
we have been able to  learn, that very little is certainly known. 
The Temperature mid Density of the water, at different depths, 
in a basin so remarkably cut off from the great ocean, and 
having a continual influx from it, form a most interesting sub- 
ject of inquiry, to which we shall be glad to give our best 
attention, if the means are placed within our reach.’ 

“ Considering the success of the two previous Expeditions, and 
especially that of the ‘Porcupine ’ last year, the Committee are 
persuaded that no less important acquisitions for the furtherance 
of scientific knowledge would be gained by the renewed esplora- 
tion as now proposed ; and they accordingly recommend that a 
representation to that effect be made to the Admiralty, with a 
view to obtain the aid of Her Majesty’s Government as’ on the 
previous occasions. 

“The Committee approve of a proposal made by Mr. Gwyn 
Jeffreys to accept the services of Mr. Lindahl, of Lund, in the 
expedition as unpaid Assistant Naturalist. 

“As regards scientific instruments, the Committee have to 
report that those employed in last year’s voyage will be 
again available for use; and 1x1: Siemens hopes to  render 
his electro-thermal indicator of more easy employment on 
ship-board. 
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‘ I  The Committee, having learned that Dr. Frankland has con- 
trived an apparatus for bringing up the deep-sea water charged 
with its gaseous contents, have resolved to add his name to 
their nnmber; and they request leave to meet again in order 
to complete the arrangements aiid make a final report to the 
Couiicil.” 

Itesolved,-Tliat the Report now read be received and adopted, 
and that the Coiiimittee be requested to continue their 
meetings and report again on the arrangenients when finally 
decided on. 

Resolved,-That the following &aft of a Letter to be 
addressed to the Secretaiy of‘ the Admiralty be approved, 

“SIR,-~ am directed by the President and Council of the 
Royal Society to  acquaint you, for the information of the 
Lords Commissioners of the Admiralty, that, considering the 
important scientific results of the Physical and Zoologicd 
Exploration of the 1,cep Sen carried on in 1868 and 1869 
through tlie aid of Her RIajcsty’s Government, they deem it 
highly desirable that the investigation should be renewed during 
the ensuing summer, and extended over a new area. 

‘‘ The coursc which it would be proposed to follow in a new 
Expedition, tlie principal objects to be attained, and the general 
plan of operations, are sketched out in the enclosed extract from 
R Letter addressed to the President by Dr. Carpenter, and have 
in a11 points been approved by the Council. 

The President and Council would therefore earnestly recom- 
mend such an undertaking to the favourable consideration 
of My Lords, with the view of obtaining the assistance of 
I3er Majesty’s Goveriiinent so liberally accorded and effectively 
rendered on the previous occasions. 

“The scientific conduct of the cxpedition would, as in the 
last year, be shared by Dr. Carpenter, Professor Wyvillc Thonison, 
provided that gentleman is able to undertake the duty, and Nr. 
Gwyn Jeflreys. It is also proposed that Mr. Lindahl, a young 
Swedish geiitlenian accustomed to niariiie researches, should 
accompany the expedition as Assistant Naturalist. 

VIZ. :- 
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‘ I  I have to -add that whatever appertains to the strictly 
Scientific equipnient of the Expedition will, as formerly, be at  
the charge of the Royal Society. 

W. SHARPEY, Sccwtary.’) 

A sum of El00 froin the Government Grant was assigned 
for tlic Scientific purposes of the Expedition. 

May 19, 1870. 

kead the following Letter from the Admiralty :- 
“ ADnlIRALTY, 10th 1870. 

Srn,-Having laid before My Lords Commissioners of the 
Adiiiiralty your letter of the 2nd iiist., requesting that further 
re~earches may be made of the deep sea, I am commanded by 
their Lordships to acquaint you that they will spare Her 
Majesty’s Steamvessel ‘ Porcupine ’ for this service, and that the 
Treasury have been requested, as on the former occasion, to 
defray the expense of the messing of the scientific gentlemen 
composing the Expedition. 

am, Sir, 
Your obedient Servant, 

VERNOX LUSHINGTON.” 
“To W. Shaypcy, Eq., M.D., 

I ‘  ScrrrlnIy of t h e  Ro?/nl Sociclil, Bitrlingto~ H ~ c . ”  
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APPENDIX B. 

Particulars of Depth, Teinpcrature, and Position at the various 
Porcupine,' in t h  Summer Drcdging-stations of E M S .  

of 1870 :- 

I 

I 

Niimher Depth in 
I Rtution. Fnthorris 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 3. 
22 
23 
24 
. -  

567 
305 
690 
717 
100 
358 

93 
257 
539 
81 

332 
128 
220 
469 
722 
994 

1095 
1065 
248 
965 
620 
718 
802 
292 

Bottom 
Tempernturo. 

- 
14". 8 C. 

7 ' 5  
10 7 
10 0 
10 6 
9 . 9  
8 . 9  

1 1 . 9  
10 * 2 
11 3 
11 * 0 
10 - 8 
9 . 8  
4 . 5  
4 . 3  
4 . 5  

1 1 . 0  

10 * 2 
10 7 
9 . 0  

11 * 5 

Burfnco 
Tompornturo. 

16". 2 C. 

16 * 3 
16 * 8 
16 * 9 
16 e 2 
15 * 9 
17 * 8 
16 * 4  
16 * 1 
16 3 
18 * 1 
18 - 4  
20 - 0 
21 0 
19 ' 8 
18 2 
18 * 1 

1 9  5 
19 * 1 
19 * 0 
19 - 6 

- 

- 

Position. 

48O.38' N. 
48 37 
45 31 
48 32 
48 29 
48 26 
48 18 
48 13 
48 6 
42 44 
42 32 
42 20 
40 16 
40 6 
40 2 
39 55 
39 42 
39 29 
39 27 
39 25 
38 19 
38 15 
37 20 
37 19 

10" 15' JV, 
10 9 
10 3 
9 59 
9 45 
9 4 4  
9 11 
9 11 
9 18 
9. 23 
9 24 
9 17 
9 37 
9 4 4  
9 49 
9 56 
9 43 
9 4 4  
9 39 
9 45 
9 30 
9 33 
9 30 
9 13 
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I 
Niin~bor Do th in 
Ytntion. Pn%oms. 

25 
26 
27 
28 
28a 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
50a 
51 
52 
52a 
53 
54 
55 
56 
57 
58 
59 
G O  
- 

374 
3G4 
322 
304 
286 
227 
386 
477 
G51 
554 
414 
335 
128 
190 
503 
517 
58G 
730 
790 
1G2 
455 
207 
493 
845 

1328 
1412 

51 
152 

1415 
660 
590 
112 

1508 
1456 
390 
224 
266 
445 

1743 
- 

11". 9 c. 
11 - 5 
10 G 
1 1 . 7  

12 9 
11 * 7 
10 * 3 
10 * 1 
1 0 . 0 .  
10 1 
10 * 9 
12 * 9 
11 * 8  
11 * 8 
13 - 3 
1 3 . 4 .  
13 *4 
13 2 
13 * 4 
13 0 
12 ' 4 
13 0 
12 6 
12 - 8 
12 * 7 

12 * 7 

c 

- - 
- - 

1 3  * 0 
13 0 
12 * 8 
13 ' 6 

13 * 6 
13 * 6 
13 4 

- 

--._I 

Surfaco 
Tainpornture. 

20". 9 C. 
22 ' 0 
22 - 7 
2 1 . 8  

22 * 8 
22 * 6 
21 ' 7 
21 - 8  
22 * 4 
21 8 
23 2 
23 8 
22 ' 0 
22 0 
21 0 
23 * 6 
23 6 
23 2 
23 8 
21 0 
22 ' 6 
23 * 0 
21 0 
23 e 0 
22 0 

- 

L 

24 0 

25 0 
24 * 4 
24 8 
25 * 6 

24 * 1 
24 * 6 
23 * 3 

L - 

L 

- 

Position. 

370 11' N, 
36 44 
36 37 
36 29 
36 27 
36 20 
36 15 
35 56 
35 41 
35 32 
35 4 
35 39 
35' 35 
35 50 
35 58 
35 59 
36 0 
35 57 
35 45 
35 24 
35 42 
35 36 
35 39 
37 25 
37 10 
36 29 
3G 14 
36 18 
36 55 
36 38 
36 36 
36 53 
37 41 
37 29 
37 3 
37 0 
36 43 
36 32 
36 31 

9" 71w. 
8 8  
7 33 
7 16 
6 54 
G 47 
6 52 
7 6  
7 8  
6 54 
6 53 
6 38 
6 26 
6 0  
5 26 
5 27 
4 40 
4 12 
3 57 
3 54 
3 0  
2 29 
1 56 
1 10 
0 31 
0 31 
0 17E. 
0 24 
1 10 
1 38 
1 38 
5 55 
6 27 
6 31 

11 37 
13 10 
13 36 
14 12 
15 46 

--- 
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~ 

61 
62 
63 
64 
65 
66 
67 

-- 

392 13". 1C.  
730 13 * 0 
181 12 * 4  
460 12 * 4  
198 12 * 1 
147 - 
185 12 . 8  

~ 

i Poaition. Surfncc 
Tamporuturc. 

22". 5 c. 
22 * 5 
20 * 2 
18 * 8 
17 3 

22 * 9 
- 

35" 26' N. 
38 38 
36 1 
35 58 
35 50 
35 56 
35 49 

15 21 

5 28 
5 57 

G 21 I 
I 

5 57 I 



CHAPTER V. 

DEEP-SEA SOUNDING.  

The ordinary Sounding-laad for moderate Depths. -Liable to Error 
when employed in Deep Water. -Early Deep Soundings un- 
reliable.-Improved Methods of Sounding.-Tho Cup-lmd.- 
Crooke’A Sounding 1nstrumont.-The ‘ Bull-dog ’ ; Fitxgerald’s ; 
the Hydra.’-Sounding from the ‘ Porcupine.’-Tho Contour 
of the Bed of the North Atlantic. 

IN all deep-sea investigations it is of course of the 
first importance to have a means of determining the 
depth to the last degree of accuracy, and this is not 
so easy a maotter as might be at first supposed. 
Depth is almost invariably ascertained by some 
modification of the process of sounding. A weight 
is attached to the end of a line graduated by attached 
slips of different coloured buntine (the woollen mate- 
rial of which flags are made, in’which the colours are 
particularly bright and fast) into fathoms, tens of 
fathoms, and hundreds of fathoms ; or, for deep-sea 
work, with white buntine at  every 60, black leather 
at every 100, and red buntine at  every 1,000 fathoms. 
The weight is run down as rapidly as possible, and 
the number of fathoms ‘out when the lead touches 
the bottom gives a more or less close approximation 
to the depth. 
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The ordinary deep-sea lead is a prismatic leaden 
block about two feet in length and 80 to 1201bs. in 
weight, narrowing somewhat towards the upper end, 
where it is furnished with a stout iron ring. Before 
heaving, the lead is ‘ armed,’ that is to say the lower 
end, which is slightly cupped, is covered with a thick 
coating of soft tallow. If the lead reach the bottom 
it brings up evidence of its having done 80 in a 
sample sticking to the tallow. Usually there is 
enough to indicate roughly the nature of the ground, 
and it is on the evidence of Ramples thus brought 
up on the ‘arming’ of the lead that our charts note 
‘ mud,’ shells,’ gravel,’ ooze,’ or ‘ sand,’ or a corn- 
Bination of these, as the kind of bottom at the 
particular sounding ; thus we have m2rg,oa., mud, shells, 
and sand at 2,000 fathoms ; &’:!, ooze and stones at  
2,050 fathoms ; ::y: mud, sand, shells, and scoriz 
at 2,200 fathoms, and so on. 

When no bottom is found, that is t o  say, when 
there is no arrest to the running out of the line 
and nothing on the ‘arming’ of the lead, the sounding 
is entered on the chart thus, o-j60, no bottom at 3,200 
fathoms. Such soundings are not to be depended 
upon in deep water, but they are usually quite 
reliable for moderate depths, so far as they go. They 
give us no help in the exploration of the bottom of 
the sea., but they are of great practical value, and 
indeed they give all the information which is directly 
required for the purposes of navigation ; for if there 
be ‘no bottom’ at  200 fathoms, there is probably no 
dangerous shoal in the immediate neighbourhood. 

Soundings are usually taken from the vessel, and 
while there is some way on. Where great accuracy 
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is required, as in coast-surveying, it is necessary to 
sound from a boat, which can be kept in position by 
the oars and reference to some fixed objects on shore. 

This ordinary system of sounding answers perfectly 
well for comparatively shallow water, but it breaks 
down for depths much over 1,000 fathoms. The 
weight is not sufficient to carry the line rapidly and 
vertically to the bottom; and if a heavier weight be 
used, ordinary sounding line is unable to draw up its 
own weight along with that of the lead from great 
depths, and gives way. No impulse is felt when the 
lead reaches the bottom, and the line goes on running 
out, and if any attempt be made to stop it it breaks. 
In some cases bights of the line seem to be carried 
along by submarine currents, and in others it is 
found that the line has been running out by its own 
weight only, and coiling itself in a tangled mass 
directly over the lead. All these sources of error 
vitiate very deep soundings. In many of the older 
observations made by officers of our own navy and 
of that of the United States, the depth returned 
for many points in the Atlantic we now know to  
have been greatly exaggerated ; thus Lieutenant 
Walsh, of the U.S. schooner ‘ Taney,’ reported a cast 
with the deep-sea lead at 34,000 feet without 
bottom;’ Lieutenant Berryman, of the U.S. brig 
‘Dolphin,’ attempted unsuccessfully t o  sound mid- 
Ocean with a line 39,000 feet long;2 Captain 
Denham, of H.M.S. Herald,’ reported bottom in the 

(1854), p. 213. 
Maury’a Sailing Directions, 6th edition, p. 165, and 6th edition 

Maury, Phpicul Geogmphy of the Sea. Eleventh edition, 
p. 309. 
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South Atlantic at  a depth of 46,000 feet;’ and 
Lieutenant Parker, of the U.S. frigate ‘ Congress,’ ran 
out a line 50,000 feet without reaching the 
In  these cases, however, the chances of error were 
too numerous; and in the last chart of the North 
Atlantic, published on the authority of Rear-Admiral 
Richards in Nov. 18’70, no soundings are entered 
beyond 4,000 fathoms, and very few beyond 3,000. 

A great improvement in deep-sea sounding, first 
introduced in the United States navy, was the use 
of B heavy weight and a fine line. The weight, a 
32 or 68 lb. shot, is rapidly run down from a boat ; 
and when it is supposed to have reached the bottom, 
wliich is usually indicated with tolerable certainty by 
a sudden change in the rate of running out of the 
line, the line is cut at the surface, and the depth 
calculated by the length of line left on the reel. 

As the great problems of physical geography, the 
strength and direction of currents, and the general 
conditions of the bottom of the sea began t o  acquire 
more general interest, the particles brought up on tlic 
‘ arming ’ of the lead from great depths were eagerly 
sought for and scrutinized ; it thus became important 
that a greater quantity should be procured, enough 
at  all events.for the purposes of chemical and micro- 
scopical examination. Many instruments have been 
contrived from time to time for this purpose, and a 
vast amount of information has been gained by their 
use. It has now been shown that dredging on a large 
scale is possible at all depths, but dredging can only 
be performed under specially favourable circum- 
stances, and requires a vessel specially fitted at con- 

1 LOC. cit. 2 LOC. cit. 
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siderable expense. We must still, therefore, depend 
mainly upon some form of sounding apparatus for 

adual accumulation of observations which will 
give s in time a consistent idea of the nature of 
the bottom of the sea throughout. A simple instru- 
ment which will bring up a surface sample of a 
pound or so, from a depth of 2,000 fathoms, with- 
out much trouble and with sonie certainty, is still a 
desideratum. 

In the ye&i* 1818,.Sir John Ross, in command of 
H.M.S. ‘IsabeUa,’ on a voyage of discovery for the 
purpose of exploring Baffin’s Bay, invented a machine 
.‘‘for taking up soundings from the bottom of any 
fathomable depth,” which lie called a ‘ deep-sea 
clamm.’ A large pair of forceps were kept asunder 
by a bolt, and the instrument was so contrived that 
on the bolt striking the ground, a heavy iron weiglit 
slipped down a spindle and closed the forceps, which 
retained within them a considerable quantity of the 
bottom, whether sand, mud, or small stones.’ On the 
1st of Septeinber, 1818, Sir Joliii Boss sounded in 
1,000 fathoms, lat. 73” 37‘ N., long. 75” 25’ W. The 
soundings consisted of “soft mud, in which there 
were worms, and, entangled on the sounding-line, at 
the depth of 800 fathoms, was found a beautiful Capwt 
Medusce.” On the 6th of September Sii* John Itoss 
sounded in 1,050 fathoms, lat. 7a“23‘ N., long. 
73” 075’ W., and the clamlvs brought up G lbs. of very 

t‘le cy; 

A Voyage of Discovery mado undor tho 0rdei.s of the Admiralty 
in His Majesty’s Ships ‘ Isabella ’ and ‘ Alexander,’ for the purpose of 
exploring Batfin’s Pny, nnd iirquiriiifi into the Possibility of D North- 
sus t  Pasage. L O ~ U I I  : By Jolin XOSB, K.S., Ctipttiin 120~d A’wY. 
1811); 17. 178. 

1’ 



soft mud. I mention thcse soundings thus parti- 
’ cularly because they are the first authentic instances 
of any quantity of the bottom having been br 
up from such depths. The clamms were used \vith 
strong whale line made of the best hemp, 23 inches 
in circumference. The weight recomniended by Sir 

John Ross for the sounding in the North 
Sea is fifty pounds. 

One of the earliest and certainly not  the 
worst of these miniature dredges is a simple 
modification of the coimnon deep-sea lead, 
the ‘cup-lead7 (Fig. 37). A rod of iron 
passes through the lead, and ends n few 
inches beneath it in a conical iron cup. 

* A thick bend-leather washer slides freely 
on the rod between the end of the lead and 
the cup. The theory of this instrument is, 
that as the lead runs clown, the current o€ 
water keeps up the washer, leaving the 
mouth of the cup free. On reaching the 
ground, the weight of the lead drives the 
cup into tlic mud or sand, and the lead falls 

n to one side. When the lead is hauled up, 
a sample of tlie bottom goes into the cup, 
and is ~*etained there by the washer, which 
is pressed clown upon the top of the cup 

no 37--~i!e during its upward journey by the reversal 
of’ the current. The ‘cup-lead’ is very 

useful for moderate clcptlis. Twice out of three 
times it brings up a samplc, but the cup is too open 
and the means of closing it are too crude, and the 
third time everything is mashed out and the cup 
comes LIP perfectly clean. Deep soundings take too 

Wht 

6 cnp lend. 
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much time and are too valuable to admit SO large 
an average of losses. 

E 

About tile year 1S54, J. 31. Brooke, passed-mid- 
shipman in the U.S. navy, a clever young officer who 

rr! 
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was a t  the time doing duty in the Observatory, pro- 
posed to Captain Maury a contrivance by which the 
shot might be detached as soon as it reached the 
bottom, and specimens brought up in its stead. The 
result of this suggestion was Brooke’s deep-sea sound- 
ing apparatus (Figs. 38 and 39), of which all the more 
recent contrivances have been to a great extent modi- 
fications and improvements, retaining its fundamental 
principle, the detaching of the weight. The instru- 
ment as devised by Mr. Brooke is very simple. A 
64 lb. shot E is cast with a hole through it. An 
iron rod A has chamber I) at the lower end, and 
two moveable arms hinged to the upper end with 
eyes to fasten two cords by which the rod is sus- 
pended ; so that when the instrument is hanging free 
the arms are nearly vertical (Fig. 38). Each arm 
bears a projecting notched tooth, and before sounding 
the shot is suspended, with the rod passing through 
it, in a canvas OF leather sling c attached by cords 
whose loops pass over the teeth. The cup at the 
lomrer end of the rod is filled with tallow arming,’ in 
which a chamber has been made by pushing in a 
wooden plug. When the instrument strikes, the end 
of the rod is driven into the material of the bottom, 
which fills the chamber in the arming, the two jointed 
arms fall down, thc loops of the sling are relieved 
from the teeth, and the rod slips through the hole in 
the shot and comes up alone with its enclosed sample 
of sediment. 
In this simplest and earliest form Brooke’s sound- 

ing apparatus had some of the defects of the cup-lead. 
The sample of the bottom was too small, and ran a 
risk of being washed out in hauling up. Modifica- 
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Commander Dayman made 
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,ions were soon made. 



H.M.S. Cyclops’ in 1857.’ He used iron wire braces 
to support the sinker: as these detach more freely 
than slings of rope ; he replaced Brooke’s round-shot 
by a leaden cylinder to  diminish the resistanco and 
thus increase the velocity in descending; and he 
adapted a valve opening inwards, t o  the terminal 
chamber in the rod, to prevent the washing out of 
the sample. Commander Dayman seems to have 
found the apparatus thus improved to answer well. 
He used it throughout his important survey of the 

The ‘ Bull-dog ’ sounding machine (Fig. 40) is now 
probably the most generally known of these dredging- 
leads. This instrument is an adaptation of Sir John 
Ross’ deep-sea clamms, with the addition of Brooke’s 
principle of the disengaging weight. It was invented 
during the famous sounding voyage of H.M.S. Bull- 
dog’in the year 1860, and Sir  Leopold M‘Clintock 
gives the chief credit of its invention to the assistant- 
engineer on board, Mr. Steil.2 A pair of scoops A 

close upon one another scissorwise on a hinge, and have 
two pairs of appendages I), which stand to the open- 
ing and closing of the scoops in the relation of scissor 
handles. This apparatus is permanently attached to 
the sounding-line by the rope F, which in the figure 
is represented hanging loose, and which is fixed to  

1 Deep-Sea Soundings in the North Atlantic Ocean, botweeii 
Ireland and Kewfouudland, made i u  H.M.S. ‘ Cyclops,’ Lieut.-Coni- 
niandor Joseph Daymau, in June and July 1657. Published by 
order of the Lords Commissioners of tho Admiralty. London : 1658. 

2 Remarks illustrative of the Sounding Voyage of H.M.S. ‘null- 
dog’ in  1860; Captain Sir Leopold M‘Clintock commanding. Pub- 
liahud by order of tho Lords Cotiiniis~ionors of tho Admiralty. 
Loiirlon : 1861. 

telegraph plateap.’ 
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the spindle on which the cups turn. Attached to 
the same spindle is the rope D, wliicli ends above in 
an iron ring. E represents a pair of tumbler hooks, 
fastened likewise to the end of the sounding-line; 
c a heavy leaden or i?on weight, with a hole through 
it wide enough to allow the rope II with its loop and 
+ing t o  pass freely ; and B, a strong india-rubber band 
which passes round the handles of the scoops. In  the 
figure the instrument is represented as it is sent 
down and before it reaches the bottom. The weight 
c and the scoops A are now suspended by the rope D, 
whose ring is caught by the tumbler hooks E. The 
elastic ring u is in a state of tension, ready to draw 
together the scoop handles and close the scoops, but 
it is antagonized by the weight C, which, pressing 
down into a space between the handles, keeps them 
asunder. The moment the scoops are driven into the 
ground by the weight, the tension on the rope D is 
relaxed, the tumblers fall and release the ring, and 
the weight falls and allows the elastic band to close 
the scoops and t o  keep them closed upon whatever 
they may contain; the rope D slips through the 
weight, and the closed scoops are drawn up hy the 
rope F. This is a pretty idea, and an ingenious and 
elegant apparatus, hut it is rather complicated. I 
have never seen it in use, but I should fear that the 
observer might often be thwarted by the scoops fall- 
ing in a wrong direction, or by pebbles getting into 
the hinges and preventing their closing thoroughly. 
The simpler all these things are the better. 

We used in our trip in the ‘ Lightning’ in 1868 an 
instrument (Fig. 41) which at first sight scarcely 
looks promising from its apparent want of compact- 



ness, but I will say this for the 
‘ Pitzgerald’ sounding apparatus 
that I never knew it fail; and 
we were obliged, unfortunately 
for ourselves, t o  try it fre- 
quently in very bad meather 
and under most unfavourablc 
circurnstaiiccs. The sounding- 
line ends in a loop passing 
through an cyc in the centre of 
a bar of iron F. The bar ter- 
minates a t  one end in a cla’w 
and a t  the other in il second 
eye, to  which a c h i n  is at- 
tached. A scoop A, with a 
sharp, spade-like lip, is fixed to 
a long and rather heavy iron 
rod D, with an expanded rudder- 
shaped elid t o  steady it in pass- 
ing quicldy through the water, 
and hencatli this an eye, which 
fits the claw of the bar I“. A 
door B fits the scoop to  wliicli 
i t  is hinged, and it is also 
hinged to  the arm c,  which, 
when held in a vertical posi- 
tion, keeps it open. The arm c 
is attached by the chain to the 
eye in the bar P, and the arm 
and chain correspond in lcngth 
to the rod n. Two teeth E E  

project from n, and on these are 
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apparatus is so acl*justecI, that when 
the weight is attached and tlie instru- 
ment hanging ready for use, as reprc- 
sentecl in the figure, the rod F rnain- 
tains a horizontal position. When the 
instruinelit strikes the ground, the 
tension on thu bar I” is relieved, the 
weight draws the rod D off the claw 
and slips off, at the same time filling 
the scoop. IVhciz hauling up, a l l  the 
instrument falls into a nearly vertical 
line, and Clie scoop conics up full in 
tlie middle, the weight of D keeping 
its mouth closed up against its lid. 

The apparatus used during the 
cruise of the ‘ Porcupine,” where 
sounding was carried on to  the utmost 
attainable accuracy and a t  great 
depths, was a somewhat elaborate 
modification of Broolie’s solinding 
machine which had been previously 
employed by Captain Sliortland in 
the voyage of 1’I.M.S. ‘ I’Iyclra,’ sound- 
ing across the Arabian Gulf prepara- 
tory to laying the Indian Cable. 

This special modification, which cer- 
tainly answered remarlcably well, ap- 
pears to have been due entirely to 
Mr. Gibbs, the blacksmith on 11oard 
the vessel.‘ We cliristened i t  thc 

1 Sounding Voyage of 1I.hJ.S. ‘ ITydra,’ Captain 
1’. F. Ghortlancl, 18GS. I’~1~~1islicd by order of tho 
1,ords Cominiss. of L1,e htlmiralt,y. T,nnclon : 1 SG!). 
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‘Hydra,’ in recognition of its inventor and of the 
vessel in which it was first used. 

The axis of the Hydra ’ (Fig. 42) is a strong brass 
tube, which unscrews into four chambers. The three 
lowest of these are closed above by conical valves 
opening upwards, but not fitting absolutely tightly, so 
as to allow a little water t o  pass; and the lowest 
chamber B is closed by a butterfly valve also open- 
ing upwards. The upper (fourth) chamber A contains 
a piston, and thg piston-rod c is continued upwards 
into a rod which ends in the ring to which the 
sounding-line is attached. The upper chamber in 
which the piston works has a large hole on either 
side about the middle of its length, and a small hole 
passes through the piston itself. Projecting from the 
upper part of the rod there is a notched tooth D, and 
over the tooth passes an arched steel spring, with 
a slit which allows the tooth to pass through its 
centre, and its two ends fastened moveably t o  the 
rod. When the spring is forcibly puslied back, it 
allows the tooth with its notch to  protrude through 
the central slit. The weight consists of three or four 
cylinders of iron F, toothed and notched so as to  fit 
into one another and make one mass. The weight 
used in the Porcupine’ was from two to three 
hundredweight, according to the depth. The weight 
is suspended by an iron wire sling which passes over 
the notched tooth, the spring having been pressed 
back. The weight is amply sufficient to retain the 
spring in that position. 

The figure represents the instrument prepared to let 
go, the whole weight suspended from the ring at the 
top of the piston-rod, which. is thus fully drawn out 

. 
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of its c,yEnder. As the instrument runs down the 
water passes freely through the tube and valves, and 
pours out by the holes in the wall of the cylinder. 
When it touches the ground the piston is pulled 
down by the weight, but its progress is somewhat 
arrested by the water in the lower part of the 
cylinder, which can only escape slowly, thus giving 
the weight time to force the terminal chamber with 
the butterfly valves into the ground. The weights 
then rest’ upon the bottom and relieve the spring 
which throws’the sling off the tooth. The tube 
comes up free with all-the valves closed, and the last 
chamber filled with the substance of the bottom, and 
the other chamber with bottom water. 

In the skilful bands of Captain Calver the Hydra’ 
never once failed, and from the great weight used it 
is admirably suited for accurate soundings in deep 
water ; but it is somewhat complicated, and it brings 
up very small samples of the bottom. In tho case of 
the .cruise of the Porcupine,’ where the large dredge 
was sent down at  almost every sounding-station, this 
was of little consequence ; but where dredging is im- 
practicable, and all information as to the condition of 
the bottom must be got from soundings, some simple 
adaptation of the ‘ Bull-dog ’ scoops or the Fitzgerald 
apparatus would certainly have a great advantage. 

During the cruise of the CPorcupine’ in 1869 
soundings were taken with the utmoet care at  ninety 
stations, and in 1870 at sixty-seven stations, and on 

’every occasion the operation was conducted by Capt. 
Calver himself, whose great experience on the sur- 
veying service was in itself a guarantee of the greatest 
possible accuracy. Captain Calver told me that on 
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every occasion, even at the greatest depths, he felt 
distinctly the shock of the arrest of the weight upon 
the bottom communicated t o  his hand. A careful 
sounding was always taken immediately before letting 
go the dredge. I will take as an example the sound- 
ing which determined the depth of the deepest haul 
of the dredge yet made, in 2,435 fathoms in the Bay 
of Biscay on the 22nd of July, 1869, and describe 
the moclzls operarbdi. 

The ' Porcupine ' was provided at  Woolwich with 
an admirable double cylinder donkey-engine of 12- 
horse power (nominal), placed on the deck amidships, 
with a couple of surging drums. This little engine 
was the comfort of our lives; nothing could exceed 
the steadiness of its working and the ease with which 
its speed could be regulated. During the whole ex- 
pedition it brought in with the ordinary drum, the 
h e ,  whether sounding-line or dredge-rope, with 
almost any weight, at a uniform rate of a foot per 
second, Once or twice it was over-strained, and then 
we pitied the willing little thing panting like an over- 
taxed horse ; and sometimes we put on a small drum 
for very hard work, gaining thereby additional power 
at some expense of speed. 

Two powerful derricks were rigged for sounding 
and dredging operations, one over the stern and one 
Over the port bow. Tlie bow derrick was the stronger, 
and we usually found it the more convenient to 
dredge from. Sounding was most frequently carried 
on from the stern. Both derricks were provided with 
accumulators, accessory pieces of apparatus which 
we found of great value. Tlie block through which 
the sounding-line or dredging-rope passed vas not 



229 THE DEPTHS OF THE SE'S. [CRAP. V. 

attached directly to tha derrick, but to a rope which 
passed through an eye a t  the end of the spar, and 
was fixed to a 'b i t t '  on the deck. On a bight of 
this rope between the block and the ' bitt ' the accu- 
mulator was lashed. This consists of thirty or forty 
or more of Hodge's vulcanized india-rubber springs 
fastened together at the two extremities, and kept 
free from one another hy being passed through 
holes in two round wooden ends like the heads of' 
churn-staves. The loop of the xope is made long 
enough to permit the accumulator to stretch to double 
01' treble its length, but it is arrested far within its 
breaking point. The accumulator is valuable in the 
first place as indicating roughly the amount of strain 
upon the line; and in order that it inay do so witli 
some decree of accuracy it is so arranged as to play 
along the derrick, which is graduated from trial to thc 
number of cwts. of strain indicated by the greater or 
less extension of the accumulator ; but its more im- 
portant function is to take off the suddenness of thc 
strain on the line when the vessel is pitching. The 
friction of one or two miles of cord in the water is so 
great as to prevent its yielding freely to a sudden jerk 
such as that given to  the attached end when the 
vessel rises to a sea, and the line is apt to snap. A 
letting-go frame like that used on board the ' Hydra,' 
a board with a slit through which the free end of the 
sounding machine passed, and which supported the 
iveights while the instrument was being prepared, was , 

fitted under the stern derrick. The sounding instru- 
The 

soundingline mas wound amidships just abaft the 
donkey-engine on a large strong reel, its revolution 

' ment was the ' Hydra,' weighted with 336 lbs. 
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commanded by a brake. The reel held about 4,000 
fathoms of medium No. 9 line of tlic best Italian 
hemp, the No. of threads 18, the weight per 100 
fathoms 12  lbs. 8 ozs., the circumference 0.8 inch, and 
the breaking strain, dry, 1,4021bs., soaked a day 
1,211 lbs., marked for 60, 100, and 1,000 fathoms. 

The weather was remarkably clear and fine; the 
wind from the north-west, force = 4; the sea mode- 
rate, with a slight swell from the north-west. We 
were in lat. 47' 38' N., long. 12" 08'5W., at, the 
inouth of the Bay of Biscay, about 200 miles to  the 
west of Ushant. The sounding instrument, with two 
Miller-Casella thermometers and a water bottle 
attached a fathom or two above it, was cast off the 
letting-go frame a t  211. 44,m. 20s. p.m. The line was 
pun OR by hand from the reel and given to the 
weight as fast as it would take it, so that there might 
not be the slightest check or strain. The following 
tnble gives the absolute rate of descent :- 
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In this ctlsc the timing was only valuable as cor- 
robora.ting other evidence of the accuracy of the 
sounding, for even at this great depth, nearly three 
miles, the shock of the arrest of the weight at the 
bottom was distinctly perceptible to the commander, 
who passed the line through his hand during the 
descent. ‘l’his was probably the deepest sounding 
which had been taken up to that time which was 
perfectly reliable. It was taken under unusually 
favourable conditions of weather, with the most 
perfect appliances, and \vi th consummate skill. The 
whole time occupied in descent was 33 minutes 
35 seconds; and in heaving up, 2 hours 2 minutes. 
The cylinder of the sounding apparatus came up 
filled with fine grey Atlantic ooze, containing a con- 
siderable proportion of fresh shells of Globigepina. 
The two Miller-Casella thermometers registered a 
minimum temperature of  2O.5 C. 

Various attempts have been made t o  devise an 
instrument which should determine accurately the 
amount of vertical descent of the lead by self-regis- 
tering machinery. The most successful apparatus for 
this pnrpose, and the one most in use is ‘Massey’s 
sounding-machine.’ This instrument, in its latest and 
most improved form, to be used with the common 
lead, is shown in Pig. 43. Two thimbles PI- pass 
through the two ends of the heavy oval brass shield 
A A ;  t o  the upper of these the sounding-line is 
attached, and to the lower the weight at about half 
a fathom from the machine. A set of four lwass 
vanes or wings u are soldered obliquely t o  an axis 
in such a position that as the machine descends the 
axis revolves by the pressure of the water against 
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the vanes. The revolving axis coinmunicates its 
motion to  the indices on the dial-plate c, which are 
so adjusted that the index on the right-hand dial 
passes through a division for every fathom of 

1' ' 
ho. 48.-' Afnsscy's ' Bounding I\lncliinc. 

vertical descent, [whetherfquiclr or slow, and iiialm 
an entire revolution for 15 fathoms, while the kft- 
h n d  index passes through a divisioii on the circle for 
15 fathoms, and makes a11 entire rev01utinn (1Liring 

0 
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a descent of 225 fathoms. Where greater depths 
are required it is only necessary t o  add another 
dial and indzx. This sounding instrument answers 
very well in moderately deep water, and is extremely 
valuable for checking soundings by the ordinary 
method, where deep currents are suspected, as it 
ought t o  register vertical descent only. It is not 
satisfactory in very deep water, and its uncertainty 
is shared apparently by all instruments involving 
metal wheel-work. It is difficdt to tell the reason. 
The machinery seems to get jammed in some way 
under the enormous pressure of the water. 

The ‘ Massey’s sounding-machine ’ in common use 
is somewhat different from the ‘ shield ’ instrument 
described and figured above. It is constructed on 
precisely the same principle, but it is bolted to a 
special form of sounding lead, and is thus somewhat 
more cumbrous. 

Besides the increasing attention which has been 
paid of late years to all subjects of scientific interest, 
and especially to those connected with physical geo- 
graphy, the conditions of the depths of the sea, the 
nature of the bottom, the force and direction of deep 
currents, the temperature at great depths, and, in 
fact, all the conditions affecting the sea bottom, 
have lately acquired great practical importance in 
connection with telegraphic communication by ocean 
cables. 

The Atlantic Ocean, with the accessible portions 
of the Arctic Sea, has naturally, from the relation in 
which it stands to the first maritime and commercial 
nations of the present period, been the most carefully 
surveyed; and as it appears t o  contain depths nearly 
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if not quite as great as any to be found in the other 
ocean basins, it may probably be talcen as a fair 
example of ordinary conditions. It is open from 
pole to pole, and thus participates in all conditions 
of climate, and it coniuzunicates freely with the 
other seas. We have still but scanty information 
about the beds of the Indian, the Antarctic, and the 
Pacific oceans, but the few observations which have 
hitherto reached us seem t o  indicate that neither is 
the depth extreme in these seas, nor does the nature 
of the bottom differ greatly from what we find nearer 
home. The Mediterranean - a closed cul-de-suc 
almost cut off from the general ocean-is under 
most peculiar circumstances, which will be discussed 
hereafter. The general result to which we are led 
liy the cnreful and systematic deep-sea soundings 
which liave been undertaken of late yeai-s by our 
own Admiralty and by the American and Swedish 
Governments, is that the depth of the sea is not so 
great as was at  one time supposed. I have already 
mentioned that in some of the earlier sounding expe- 
ditions enormous depths were registered from various 
parts of the Atlantic, and I have also mentioned the 
reasons, depending chiefly upon clefective appliances, 
why many of these soundings are now considered un- 
trustworthy. .Lieutenant Berryman, of tlic U.S. brig 
' Dolphin,' reported 4,580 fathoms (27,480 feet), equal 
to the height of Dwalagiri, in lat. 41" 7' N., long. 
49" 23' W., half-way between New York and the 
Aqores ; ' no bottom ' at 4,920 fathoms (29,620 feet), 
deeper than the height of Deodunga, the higliest 
peak in the world, in lat. 38" 3' N., long. 67" 14' w.; 
and 'no bottom' at 6,600 fathoms (39,GOO feet), 

(2 2 



228 THE DEPTHS OF THE SEA. [CHAP. V. 

lat. 32" 65' N., long. 47" 58' W., indicating a chasm 
between the coast of America and the Western 
Islands, which might easily engulph the whole range 
of the Himalayas. This space probably represents 
the deepest part of the North Atlantic ; but there is 
little doubt that these depths are greatly exagge- 
rated. The average depth of the ocean bed does not 
appear t o  be much more than 2,000 fathoms (12,000 
feet), about equal to the mean height of the elevated 
table lands of Asia. 

The thin shell of water which covers so much of 
the face of the earth occupies all the broad general 
depressions in its crust, and it is only limited and 
more abrupt prominences which project above its 
surface as masses of land with their crowning pla- 
teaux and mountain ranges. The Atlantic Ocean 
covers 30,000,000 of square miles and the Arctic Sea 
3,000,000, and taken together they almost exactly 
equal the united areas of Europe, Asia, and Africa 
-the whole of the old world ; and yet there seem 
to be few depressions in its bed to a greater depth 
than 16,000 or 20,000 feet-a little more than the 
height of Mont Blanc-and except in the neigh- 
bourhood of the shores there is only one very 
marked mass of mountains, the volcanic group of 
the Agores. 

The central and southern parts of the Atlantic 
appear to be an old depression, probably at  al l  events 
cosval with the deposition of the Jurassic forma- 
tions of Europe, and throughout these long ages 
the tendency of that great body of water has no 
doubt been to ameliorate the outlines, softening down 
asperities by the disintegrating action of its waves 
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and currents, and filling up hollo~vs by drifting about 
and distributing their materials. 

The first careful surveys of the Atlantic, in which 
great depths were determined with considerable accu- 
racy, are the cruises of Lieut.-Commanding Lee, in 
the U.S. brig Dolphin ’ (1851-62), and of Lieut.- 
Commanding 0. 13. Berryman, in the same vessel 
in 1862-63; but the sounding voyage in which 
modern appliances were first employed with perfect 
accuracy with a practical object was that of Lieu- 
tenant Berryman in 186G, in the U.S. steamer 
‘ Arctic,’ in which twenty-four deep-sea soundings 
were taken with the Brooke’s and Massey’s sounding 
machines on a great circle between St. John’s, New- 
foundland, and Valentia in Ireland, with a view 
to the laying of the first cable. The same ground 
was gone over by Lieutenant Dayman, in H.IV1.S. 
‘Cyclops,’ in June and July 1857, and thirty-four 
soundings were taken, the depth being estimated by 
Massey ’s sounding-machine and a modification of 
Brooke’s machine already described. The next im- 
portant sounding expedition was that of Commander 
Dayman, in H.M.S. ‘ Gorgon,’ from Newfoundland to 
the Aqores, and thence to  England. The depths 
were taken in this case with a lead usually 188 lbs. 
in weight which was lost at  each cast, and alba- 
core line with a breaking strain of 420 lbs. Only 
on one occasion, about a third of the way from the 
Agores to  England, a cup-lead was let go, attached 
to  a stronger line, in 1,900 fathoms, and came up half 
filled with grey ooze. 

Another route for a telegraph cable having been pro- 
posed, H.M.S. Bull-dog ’ started in July 1860, under 
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the coniinand of Captain Sir Leopold M'Clintoclr, and 
took depths between the Fcroc Islands and Iceland, 
and thence to Greenland and Labrcdor. The sound- 
ings were taken first by cod-line and an iron sinker 
of about 1 cwt., the line and sinker being cut off at  
each operation ; and the sounding was then usually 
repeated with the ' Bull-dog ' sounding-machine, with 
which large samples of the bottom were procured. 
A diary of this voyage was kept by Dr. Wallich, 
Naturalist to  the Expedition, and was afterwards 
published by him as part of thc extremely important 
memoir on the R-orth Atlantic sen-bed, t o  which 
I have already referred. Some further questions 
having arisen as to the best line to be taken by 
an Atlantic telegraph cable, Captain I-Ioskyn, R.N., 
was despatclied in the ' Porcupine ' to examine the 
curious dip from 550 to 1,750 fathoms, descrihccl 
by Captain Dayiiian in 1857 as occurring about 170 
miles west of Valentia. One important result of this 
cruise was the discovery of the Porcupine ' Bank, 
about 120 miles west from Galway Bay, with a mini- 
mum depth of 82 fathoins. 

Towards the latter part of tlic year lSG8 1-T.M.S. 
' Gannet,' Commander \IT. Chimino, lt.N., was 
ordered by the Admiralty to define during her 
liomeward voyage from the West India Station 
the northern limits of the Gulf Stream, and to 
take deep soundings and temperatures. Thirteen 
soundings were taken with the Brooke's machine 
over an arca of upwards of 10,000 square miles 
from Sable Island (lat. 43" 20' N., long. 60" W.), a t  
depths varying from SO t o  2,700 fathoms. 

For ninny ycars past tlic American Government 
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have lieen prosecuting a most careful and elaborate 
survey of their coast-line ; and latterly the Coast 
Survey, under the late Professor Baclie and the pre- 
sent energetic head of the Bureau, Professor Pierce, 
has pushed its operations into deep water, particu- 
larly in the Gulf-stream rcgion north-westwards of 
the Strait of Florida. Dredging operations have 
been conducted most successfully under Count Pour- 
tales, and it will be seen hereafter that his results 
are a valuable complement and corroboration of our 
own. The Swedish Government has twice executed 
careful soundings in the sea between Spitzbergen and 
Greenland and to the south-west of Spitzbergen ; in 
1860 under the direction of Otto Thorell, and in 
1868 through the Sn-edish Arctic Xxploring Expe- 
dition under Captain Count von Otter of the Royal 
Swedish steamer Sophia.’ In 1869 the Swedish 
corvette ‘ Josephiiie ’ sounded and dredged in the 
North Atlantic, taking soundings to the depth of 
upwards of 3,000 fathoms, and discovered the ‘ Jose- 
phine Bank,’ with a miniinurn depth of 102 fathoms, 
in ]at. 3G” 43’ N., long.’ 14” 10’ W. to the north-west 
of the Strait of Gibraltar. Tho Korth-German Polar 
expeditions greatly increased our knowledge of tlie 
Spitzbergen and tlie Greenland Seas ; and fiiially, 
on December 20th, 1870, the American nautical 
school-ship Mercury,’ Captain P. Girand, crossed the 
Tropical Atlantic to Sierra Leone, which she reached 
on the 14th of February, 1871. She left Sierra 
Leone 011 February 21st, and soundings and other 
observations mere continued till she reached Havan- 
iiah on the 13th of April. The object of this ex- 
pedition and the cliaracter of tlie observers are 
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singular and instructive. It seems that the ‘Mer- 
cury’ is a vessel helonging to the Commissioners in 
charge of the hospitals and prisons of New York, and 
it is employed for the purpose of training boys, 
committed by the magistrates for vagrancy and slight 
misdemeanours, to become thorough seamen. One 
important part of the training in this ship is that 
she makes long cruises, and the boys are thus fitted 
quickly to enter into the service of the navy or the 
mercantile marine. In the present cruise, the Com- 
missioners, desiring to  promote the education of the 
lads and to advance the interests of science as much 
as lay in their power, instructed the captain to obtain 
a series of soundings on the line of or near the 
equator from the coast of Africa to the mouth of the 
Amazon, and to observe the set of the surface currents 
and the temperature of the water at various depths. 

The Commissioners report most favourably of this 
mode of training, which is now being so generally 
adopted in this country. For such boys the adven- 
turous life has a special charm, and, “instead of 
growing up to be a curse to the community, they 
are made into valuable men.” Two hundred and 
fifty scapegraces were sent out on this voyage, and 
on the return of the ship, in the opinion of the 
captain 100 of these were capable of discharging the 
duties of ordinary seamen. 

Brooke’s detaching sounding apparatus was used 
in the ‘Mercury,’ and in the report of the scientific 
results of the voyage, which was drawn out by Pro- 
fessor Henry Draper of R’ew York, a diagram of the 
bed of the Atlantic a t  the twelfth parallel is intro- 
duced, based on fifteen soundings. It shows that, 
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“ parting froiii the African coast, the bed of the 
ocean sinks very rapidly. A couple of degrees west 
of the longitude of Cape Verde the soundings are 
2,900 fathoms. From this point the mean depth 
across the ocean may be estimated at  about 2,400 
fathoms, but from this there are two striking 
departures-first, a depression, the depth of which 
is 3,100 fathoms ; and, second, an elevation, at which 
the soundings are only 1,900, tlie general result of 
this being a deep trough on the African side and a 
narrower and shallower trough on the American.” ’ 

Keferriiig to the chart (Pl. VII.), in which the 
greater depths are indicated by the deeper shades of 
blue, a shade to every 1,000 fathoms; in the Arctic 
Sea there is deep water ranging to 1,500 fathoms to 
the west and south-west of Spitzbergen. Extending 
from the coast of Norway and including Iceland, the 
P&roe Islands, Slietlaiid and Orkney, Great Britain 
and Ireland, and the bed of the North Sea to the 
coast of France, there is a wide plateau on which the 
depth rarely reaches 600 fathoms, but to the west of 
Iceland and communicating doubtless with the deep 
water in the Spitzbergen Sea a trough 500 miles wide 
and in some places nearly 2,000 fathoms deep, 
curves along the east coast of Greenland. This is 
the path of one of the great Arctic return currents. 

l Cruiso of tho School-ship ‘Mercury’ in tho Tropical Atlanlic, 
with a Report to the Commissioners of Public Charities and Correction 
of tho City of New York on tho Chemical and Physical Facts collocted 
from the Deep-sea Resenrchos niado during tho Voyago of tho Nautical 
School-ship ‘ Mercury,’ undertaken in tho Tropical Atlantic and Carib- 
bean Sca, 2870-71. By Henry Droper, M.D., Professor of Analyticnl 
Chcmistry nnd Physiology in tho University of New Yorlr. Abstrnctcd 
in Nature, vol. v. 1). 324. 
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After sloping gradually to  a depth of 500 fathoms 
to  the westward of the coast of Ireland in lat. 52" N., 
the bottom suddenly dips to 1,700 fathoms at thc 
rate of about fifteen to nineteen feet in the 100; 
and from this point t o  vithin about 200 miles of 
the coast of Newfoundland when it begins t o  shoal 
again, there is a vast uiidulating submarine plain, 
averaging about 2,000 fathoms in depth below the 
surface-the telegraph plateau.' 

A valley about 500 miles wide, and with a mean 
depth of 2,500 fathoms, stretches from off the south- 
west coast of Ireland, along the coast of Europe 
dipping into the Bay of Biscay, past the Strait of 
Gibraltar, and along the west coast of Africa. Oppo- 
site the Cape deVerdc Islands it seems to merge into 
a slightly deeper trough, which occupies the axis of 
the South Atlantic and passes into the Antarctic Sea. 
1% nearly similar valley curves round the coast of 
North America, about 2,000 fathorns in depth off 
Newfoundland and Labrador, and becoming consider- 
ably deeper t o  the southward ; where it follows the 
outline of the coast of the States and the Bahamas 
and Windward Islands, and finally joins the central 
trongh of the South Atlantic off' the coast of Brazil, 
with a depth of 2,500 fathoms. A wide nearly level 
elevated tract with a mean depth below the surface 
of 1,500 fathoms, nearly equal in area to the con- 
tinent of Africa, extends southwards froin Iceland as 
fa, as the 20th parallel of north latitude. This 
plateau culminates at  the parallel of 40" north 
latitude in the volcanic group of the Ac,orcs. Pico, 
the higliest point of the &ores, is 7,613 feet (1,201 
fathoms) n l m e  the lcvel of the sea, which gives from 
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the level of the plateau a height of 1G,206 feet (2,701 
fathoms), a little more than the height of Mont 
Blanc above the sea-level. 

Accurate soundings are as yet iiiuch too distant 
to justify anything likc a detailed contour map of the 
bed of the Atlantic, and such a, sketch as the one 
here given can oiily be regarcled as a first rough 
draft. Nothing, howcvcr, can give a more erroneous 
01" exaggcrated conception of its outline than the 
ideal section in Captain Maury's Physical Geo- 
graphy of the Sea,' although it is in a certain sensc 
correct. 

Accorcliiq to  our present information, me must 
regard the Atlantic Ocean as covering a vast region 
of wide shallow valleys and undulating plains, with 
a fern groups of volcanic mountains, insignificant 
both in height and extcnt, when we consider tho 
enormous area o€ tlic occaii bed. 



CHAPTElt VI. 

DEEP-SEA DREDGING. 

Tho Naturalist’s Dredge.-0. F. Muller.-Ball’s Dredge.-Dredging 
at moderate Depths.-The Dredge-rope.-Dredging i n  Deep 
Water.-The ‘ Hempen tangles.’-Dredging on board the ‘ Porcu- 
pine.’-The Sieves.-The Dredger’s Note-book.-The Dredging 
Committee of tho British Association.-Dredging on tho Coast of 
Britain.-Dredging abroad.-Hitory of the Progress of Know- 
ledge of tho Abyssal Fauna. 

APPEXDIX A.-Olie of tho Dredging Papers issued by tho British 
Association Committee, filled up by Mr. 3IacAndrew. 

UP to the middle of last century the little that 
was known of the inhabitants of the bottom of the 
sea beyond low-water mark, seems to have been 
gathered almost entirely from the few objects found 
thrown upon the beach from time to time after 
storms, and from chance captures on lead-lines, and 
by fishermen on their long lines and in trawls and 
oyster and clam dredges. Even these precarious 
sources of information could not be used to the 
utmost, for it mas next to impossible to induce fisher- 
men to bring ashore anything except the regular 
oljjects of their industry. Even now the schoolmaster 
has scarcely made way enough to  eradicate old pre- 
judices. Fishermen are often so absolutely ignorant 
of the nature of these extraneous animals, that it  
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is conceivable to them that they may be devils of 
some kind which may have the power in some occult 
way of influencing them and the results of their 
fishing. I believe, however, that with the progress 
of education this notion is dying out in most places, 
and that now fewer rarities and novelties are lost 
because it is ‘ unlucky’ to  keep them in the boat. 

The naturalist’s dredge does not appear to have 
been systematically used for investigating the fauna 
of the bottom of the sea, until it was employed by 
Otho Frederick Muller in the researches which 
afforded material for the publication in 1779 of his 
admirable (‘ Descriptions and History of the rarer and 
lesR known Animals of Denmark and Norway.” In  
the preface t o  the first volume Muller gives a quaint 
account of his machinery and mode of working which 
it is pleasant to read. 

The first paragraph quoted gives a descfiption of a 
dredge not very unlike that used by Ball and Forbes 
(Fig. 4 4 ,  only the mouth of the dredge seems t o  
have been square, a modification of the ordinary 
form which we find useful for some purposes still, 
but in most cases it gives fatal facilities for ‘wash- 
ing out ’ in the process of hauling in. 

(‘ Praecipuum instrumentum, quo fundi maris et 
sinuum incolas extrahere conabar, erat SacczcZzls re- 
ticularis, ex funiculis cannabini~ concinnatus, mar- 
gine aperturae alligatus laminis quatuor ferreis ora 
exteriori acutis, vlnam longis, quat uor vncias latis, 
et in quadratum dispositis. Angulis laminarum ex- 
surgebant quatuor bacilli ferrei, altera-extremitate in 
annulum liberum iuncti. Huic annectitur funis du- 
centarum et plurium orgyarum longitudine. Saccus 
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mari immissus pondere ferrei apparatus fundum 
plerumque petit, interdum diuersorum et contra- 
riorum saepe fluminum maris inferiorurn aduersa 
actione moleque ipsius funis plurium orgyarum in 
via retineri, nec fundum a ttingere creditur.” 

The figure of this first ‘ naturalist’s dredge ’ is taken 
from an ornamental scroll on the title-page of 
Bluller’s book. 

“Pundo iniacens ope remor,um aut venti modici 
trahitur, donec tractum quendam quaenis o h i s  exci- 
piendo confecerit. In cymbam denique retrahitur spe 
et labore, at opera et oleum saepe perditur, nubesque 
pro Iunone captatur, vel enim totuv argilla fumante 
aut limo foetente, aut meris silicibus, aut testaceorum 
et coralliorum emortuorum quisquiliis irnpletur, vel 
saxis praeruptis et latebrosis cautibus implicitus 
horarum interuallo vel in perpetuum omnia experi- 
entis retrahendi inuenta frustrat ; interdum quidem 
T-num et alterurn molluscum, helminthicunz, aut tes- 
tuceum minus notum in duke laborum lenimen 
repartat.” Muller graphically describes the difficul- 
ties which he cncountered in carrying on his work. 
The phucity of animal life on the Scandinavian coasts; 
the wild and variable climato, (‘ aeris intemperies, 
marisque in sinubus et oris maritimis Norvegiae 
inconstantia adeo praepropera et praepostera, vt aer 
calidissimus vix minutorum interuallo in frigidum, 
tempestas serena in horridam, malacia infida in aestu 
ferventem pelagum haud raro mutetur.” Still nothing 
can quell the energy of the enthusiastic old naturalist, 
who looks upon all his hardships as part of the day’s 
work : 6 6  H a m  mutationem saepius cum vitae periculo 
et sanitatis dispendio expertus sum, nec tamen, 
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membra licet fractus, animum demisi, nec ab incept0 
desistere potui. Discant dehinc historiae natura& 
scituli, rzlriors naturae absqus indefesso labore nec 
comparari, nec iuste nosci.”’ It does not appear, 
however, that Otho Frederick Muller dredged much 
beyond thirty fathoms, and in his day the knowledge 
of marine animals was not sufficiently advanced to 
warrant any generalization as 
to their bathymetricsl distri- 
bution. 

The instrument usually em- 
ployed in this and other 
northern countries for dredg- 
ing oysters and clams is a 
light frame of iron about five 
feet long by a foot or so in 
width at the mouth, with a 
scraper like a narrow hoe on 
one side, and a suspending 
apparatus of thin iron bars 
which mcet in an iron ring for 
the attachment of the dredge 
rope on tlie other. From 

about two feet in depth, of 
iron chain netting, 01’ of wide-meshed hempen cord 
netting, or of a mixture of both. Naturalist dredgcrs 
at first used the oyster dredge, and all the different 
dredges now in use are mod5cations of it in one 
direction or in another ; for in its simplicity it is not 

I Zoologia Danica. Sov Anirualivm Daniae et Norvegiao rariorum 
ac minvs notorvm Doscriptiones et Historia. Avctore Othono Friderico 
Miillor. Eavniue, 1788. 

the frame is suspended a bag FIG. 44 -0thO Frederick MUllol‘s 
Drcdge. A D .  1760. 
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suitable for scientific purposes. The oyst-er dredge 
has a scraper only on one side. In the skilled hands 
of the fishermen this is no  disadvantage, for it is 
always sent down in such a way that it falls face 
foremost, but philosophers using it in deep mater 

the unaided eye. 
The remedy for these dc- 

fects is to have a scrapcr 
on each side, with the arms attached in such a way 
that one or other of the scrapers must reach the 
b oround in wliatever position the dredge may fall ; and 
to have the bag deeper in proportion to the size of 
the frame, and of a material which is oiily sufficicntlp 

Flci. 43.-‘Unll’s Ihuilgi’  ’ 

very generally found that 
mhether from clumsiness 
or from want of sufficient 
practice, they had got the 
dredge‘ down on its back, 
and of course it came 
up empty. Aga,in, oyster 
dredgers are only allowed 
to take oysters of a certain 
size, and the meshing of 
the coinmercial dredge is 
so contrived as to allow 
all bodies under a certain 
considerable sixc t o  pass 
throngli. This defeats the 
object of the naturalist ; 
for some of the prizes 
to which he attaches the 
highest value are mites of 
things scarcely visible t o  
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open to allow the water to pass freely through, with 
the openings so distributed as to leave a part of the 
bag close enough to bring up the finest mud. 

The late Dr. Robert Ball of Dublin devised the 
modification which has since been used almost uni- 
versally by naturalists in this country and abroad 
under the name of ' Ball's Dredge' (Fig. 45). The 
dredges on this pattern used in Britain for ten 
years after their first introduction about the year 
1838, wero usually small and rather heavy-not 
more than from twelve t o  a teen  inches in length 
by four or four and a half inches in width at the 
mouth. There were two scrapers the length of the 
dredge-frame aqd an inch and a half or two inches 
wide, set at an angle of about 110" to  the plane 
of the dredge's mouth, so that when the dredge 
was gently hauled along it took hold of the ground 
and secured anything loose on its surface. 1 have 
seen Dr. Ball scatter pence on the drawingroom 
floor and pick them up quite dexterously with 
the dredge drawn along in the ordinary dredging 
position. 

Latterly we have used Ball's dredges of consider- 
ably larger size. Perhaps the most convenient form 
and size for dredging from a row-boat or a yawl at  
depths under a hundred fathoms is that represented 
by Fig. 45. The frame is eighteen inches long, and 
its width is five inches. The scrapers are three 
inches wide, and they are so set that the distance 
across between their scraping edges is seven inches 
and a half. The ends OP the frame connecting the 
scrapers are round bars of iron five-eighths of an 
inch in diameter, and from these two curved arms of 

H. 
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round iron of the same thickness, dividing beneath 
into two branches which are attached t o  the ends of 
the cross-bars by eyes allowing the arms t o  fold down 
over the dredge-mouth, meet in two heavy eyes at a 
point eighteen inches above the centre of the frame. 
The total weight of the dredge-frame a.nd arms is 
twenty pounds. It ought to be of the best Lorn- 
moor on Swedish wrought-iron. I have seen a stout 
dredge-frame of Lowmoor iron. twisted like a bit 
of wax in extricating it from a jam between two 
stones, and, singularly enough, the dredge which 
came up in that condition contained the unique 
example of an echinoderm never found before or 
since. 

The thick inner edges of the scrapers are perforated 
by round holes at  distances of about an inch, and 
through these, strong iron rings about an inch in 
diameter are passed, and two or three like rings run 
on the short rods which form the ends of the dredge- 
frame. A light iron rod bent to the form of the 
dredge opening usually runs through these rings, and 
to this rod and to the rings the mouth of the dredge- 
bag is securely attached by stout cord or strong 
copper mire. 

In  the dredge nom before me, which has worked 
well and seen good service, the bag is two feet in 
depth, and is of hand-made net of very strong twine, 
tho meshes half an inch to the side. So open 
a network would let many of the smaller things 
through, and to avoid this the bottom of the Bag, to 
the height of about nine inches, is lined with bread- 
bag,' a light open kind of canvas. 

Many other materials have been used for dredge- 



CUP. VI.] DEEP-SEA DR EDGING. 243 

bags. Raw buffalo- and cow-hides are very strong, 
but they are apt t o  become offensive. When these 
are used it is necessary to  punch holes here and there 
t o  let the water through or to leave the seams which 
are sewed with thongs a little open. Another bag 
which I have used frequently is made of sail-cloth, 
with a window of strong brass wire gauze let in on 
either side. Nothing, however, seems to  me so good 
as strong cord netting. The water passes easily 
through and carries with it a large part of the fine 
mud, while enough mud is retained by the bread- 
bag lining in the bottom to give a fair sample of its 
contents. It may be said that many small valuable 
objects may be mashed through tlio meshes of the 
upper part of the dredge along with the mud, and 
thus lost ; but, on the other hand, if the bag be very 
close it is apt to get filled up with mud at once, and 
to collect nothing more. 

It is always well when dredging, at  whatever 
depth, to ascertain the approximate depth with the 
lead before casting the dredge; and the lead ought 
always to be accompanied by a protected tliermome- 
ter, for the subsequent haul of the dredge will gain 
greatly in value as an observation in geographical 
distribution if it be accompanied by an accurate noto 
of the bottom temperature. For depths under 100 
€athoms the amount of rope paid out should be at 
least double the depth. Under thirty fathoms, where 
one generally works more rapidly, it should be more 
nearly three times. This gives a good deal of slack 
before the dredgo if the boat be moving very slowly, 
and keeps the lip of the dredge well domi; and if the 
boat be moving too quickly through thc water, by 

It 2 
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far the most common error in amateur dredging, 
from the low angle at which the line is lying in the 
water the dredge has its best chance of getting an 
occasional scrape. It is bad economy to use too 
light a rope. E'or a dredge such as that described, 
and for work round the coasts of Europe at depths 
attainable from a row-boat or yawl, I would recom- 
mend bolt-rope of the best Russian hemp, not less 
than one and a half inch in circumference, which 
should contain from eighteen to twenty yarns 
in three strands. Each yarn should bear nearly a 
hundredweight, so that the breaking strain of such a 
rope ought to be upwards of a ton. Of course it is 
never voluntarily exposed t o  such a strain, but in 
shallow water the dredge is often caught among 
rocks or coral, and the rope ought to be strong 
enough in such a case t o  bring up the boat, cven if 
there were some little way on. 

Dredging in sand or mud, the dredge-rope may 
simply be passed through the double eye formed by 
the extremities of the two arms of the dredge; but in 
rocky or unknown ground it is better to  fasten the 
rope to the eye of one of the arms only, and t o  tie the 
two eyes together with about three or four turns of 
rope yarn. 'I'his breaks much more readily than the 
dredge rope, so that if tho dredge get caught it is 
the first thing to give way under a strain, and in 
doing so it very often so alters the position and form 
of the dredge as t o  allow of its extrication. 

The dredge is slipped gently over the side, either 
from the bow or from the stern-in a small boat 
more usually the latter-while there is a little way 
on, and the direction wliich tlie rope takes indi- 
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cates roughly whether the dredge is going down 
properly. When it reaches the ground and begins 
to scrape, an experienced hand upon the rope can 
usually at once detect a tremor given t o  the dredge 
by the scraper passing over the irregularities of the 
bottom. Tho due amount of rope is then paid out, 
and the rope hitched to a bench or rollock-pin. 

When there is anything of a current, from what- 
ever cause, it is usually convenient t o  attach IL weight 
varying from fourteen pounds to half a liundred- 
weight, to the rope three or four fathoms in front of 
the dredge. This prevents in some degree the lift- 
ing of the mouth of tlie dredge. I f  the weight be 
attached nearer the dredge, it is apt t o  injure ddicate 
objects passing in. 

The boat should move very slowly, probably not 
faster than a mile an hour. In still water, or with 
a very slight current, the dredge of coursc anchors 
the boat, and oars or sails are necessary; but if 
the boat be moving at all iii is all that is required. 
I like best to dredge with a close-reefed sail before a 
light wind, with weights, against a very slight tide 
or current ; but these are conditions which cannot 
always be commanded. The dredge may remain 
down from a quarter of an hour t o  twenty minutes, 
by which time, if things go well, it ought t o  be 
fairly filled. 

In dredging from a. small boat the siiiiplest plan is 
for two or three men to haul in hand over hand and 
coil in the bottom of the boat. For a large yawl 
or yacht, and for depths beyond fifty fathoms, a 
winch is a great assistance. Tlie rope takes a couple 
of turns round tlie winch, wliicli is worked by t ~ o  
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men, while a third takes it from the winch and 
coils it. 

Dredging in deep water-that is, a t  depths beyond 
200 fathoms-is a matter of some difficulty, and can 
scarcely be compassed with the ordinary machinery 
at the disposal of amateurs. Deep-sea dredging can 
no doubt be carried on from a good-sized steam yacht, 
bnt the appliances are so numerous. and so bulky, 
and the work is so really hard, that it is scarcely 
compatible with pleasure-seeking. 

I do not know that much improvement can be 
made upon the apparatus and method employed in 
the ‘Porcupine’ in 1869 and 1870. I mill therefore 
describe her dredging gear and the dredging opera- 
tion carried on from her at the greatest depths in 
the Bay of Biscay, that which tested our resources 
most fully, somewhat in detail. 

The ‘Porcupine’ is a 382-ton gun-boat, fitted up 
for the surveying service, in which slie has been em- 
ployed for some years past among the Hebrides, and 
latterly on the east coast of England. She was 
assigned for our special work in 1869, with a11 her 
ordinary surveying fittings; and certain very im- 
portant additions were made; among others the 
double-cylinder donkey engine, which worked up 
to about twelve horse-power, with surging drums 
of different sizes, large drums for bringing up light 
weights rapidly, and smaller drums for heavy work. 
This engine vas  set up amidships, 60 that lines cohld 
be led t o  the dmms either from fore or aft. The 
donkey-engine proved a most serviceable little 
machine. We almost always used the large drum, 
b0t.h in dredging and sounding; and except on one 
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or two occasions when an enormous load, ouce 
nearly a ton, came up in the dredge-bag, it de- 
livered the rope steadily, at a uniform rate of more 
than a foot per second, for the ~ 1 1 0 1 ~  summer. 

A powerful derrick projected over the port bow. 
A large block was suspended at  the end of the 
derrick by a rope which, as in the case of the sound- 
ing-line, was not directly attached to the spar but 
passed through an eye, and was attached to a ' bitt ' 
on deck. On a bight of this rope was lashed a 
powerful accumulator, the machine already described 
(p. 222) as of so much use in the management of 
the sounding-line. In  dredging from a large vessel 
the ' accumulator ' is invaluable. From the great 
strength of the springs the dredge is usually drawn 
along without stretching them to  any great degree ; 
they become tense and taut, and yield, with a kind 
of slight pulsation, t o  the rise and fall of the vessel. 
Whenever they run out it is a sure indication that 
either the dredge has caught or the weight in it is 
becoming too great, and that the dredge-rope ought 
to be relieved by a turn of the paddle-wheel or screw. 
Care should be taken not to have the bight of the 
rope to  which the accumulator is attached more 
than about twice the length of the unstretched 
springs. Springs in good order ought to  stretch to 
much more than double their length ; but it is unsafe 
to try them too far, as a lash from one, if it were t o  
give way, would be most serious. M7hen a great 
strain comes upon the rope, it acts first upon the 
accumulator, pulling down the block and stretching 
the elastic bands ; and a graduated scale on the der- 
rick, against which the accumulator plays, gives in 





CHAP. VI.] DEEP-SEA DREDGING. 24!) 

cwts. an approximation at  all events to the strain 
on the rope. 

A second derrick, nearly equally strong, was rigged 
over the stern, and we dredged sometimes from one 
and sometimes from the other. The stern derrick was, 
however, principally used for sounding ; the letting- 
go board, &c., being fitted up in conncction with it. 
We had an excellent arrangement for stowing the 
dredge-rope in the ‘ Porcupine ;’ an arrangement 
which made its manipulation singularly easy, not- 
withstanding its great weight-about 6,600 lbs. A row 
of about twenty great iron pins, about two and a half 
.feet in length, projected over one side of the quarter- 
deck, rising obliquely from the top of the bulwark. 
Each of these held a coil of from two to three hun- 
dred fathoms, and the rope was coiled continuously 
along the whole row (Fig. 46). When the dredge 
was going down, the rope was taken rapidly by tho 
men from these pins-‘Aunt Sallies’ we called them, 
from their ending over the deck in smooth white 
balls-in succession, beginning with the one nearest 
the dredging derrick; and in hauling up, a relay of 
men carried the rope along from the surging drum 
of the donkey-engine and laid it in coils on the pins 
in inverse order. Thus, in letting go, the rope 
passed to the block of the derrick directly from the 
‘Aunt Sallies; ’ in hauling up, it passed from the 
block t o  the surging drum of tho donkey-engine, 
from which it was taken by the men and coiled on 
the l Aunt Sallies.’ 

The length of the dredge-rope was 3,000 fathoms, 
nearly three and a half statute miles. Of this, 2,000 
fathoms were ‘ hawser-laid,’ of the best Russian 
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hemp, 2+ inches in circumference, with a breaking 
st,rain of 2& tons. The 1,000 fathoms next the 
dredge were ' hawser-laid,' 2 isches in circumference. 
A Russian hemp rope appears to be the most suit- 
able. A manilla rope is considerably stronger for 
a steady pull, but the fibre is more brittle and liable 
to go at a ' kink.' I have never seen a wire-rope used, 
but I should think it would be liable to the same 
objection. The ' Challenger' is to be supplied with 
' whale-line ' for her great expedition. The frame of 
one of the dredges which we used in the Bay of 
Biscay is represented at Figs. 47 and 48. The length of 

G " _ _ _ _ _ _ _  + 

Fro. 47.-Tl1c End of the Dredgc fmme. 

the dredge-frame is 4 ft. 6 in., and it is 6 inches wide 
at the throat or narrowest part. The dredge used in 
the deepest haul was somewhat different. About 
half of each arm next the eye t,o which the rope was 
attached, was of heavy chain. I doubt greatly, how- 
ever, if this is an advantage. The chain drags along 
in front of the dredge, and may possibly obstruct 
the entrance of objects and injure them more than a 
pair of rigid arms would do. On one side the chain 
was attached t o  the arm of the dredge by a stop of 
five turns of spun-yarn, so that in case of the dredge 
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becoming entangled or wedged among rocks or 
stones, a strain less than sufficient to break the 
dredge rope would break the stop, alter the position 
of the dredge, and probably enable it to free itself; 

h a .  IS.-Dredgo.framo ahodng tho modo of attachment of the Bag. a. Spunyarn Stop. 

and in case of its taking in a greater load of mud 
than the rope could bring up, the stop would like- 
wise give way and allow the dredge to fall into such 
a position that a large part of its contents would slip 
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out. The' weight of the frame of this dredge, the 
largest we ever used, was 265 lbs.; it was forged by 
Messrs. Harland and M'olff of Belfast of the best 
Lowmoor iron. The dredge-bag was double-the 
outer of strong twine netting, the inner of bread- 

Fro. 4K-Tlie End of the 
Dredge-fmnie, sliowliig 
tho mode or attachinelit 
of tho Bag. 

A represents 

bag. Three sinkers-one of 1 cwt., 
the other two of 66 lbs. each-were 
attached to the dredge-rope at  600 
fatlioins froin the dredge. 

The operation' of sounding at a 
depth of 2,435 fathoms in the Bay 
of Biscay on the 22nd of July, 1869, 
has already been described in detail. 
When the depth had been accurately 
ascertained, about 4.46 P.N. the 
dredge was let go, the vessel drift- 
ing slowly before a moderate breeze 
(force= 4) from the N.W. The 3,000 
fathoms of rope were all out at 6.60 
P.M. The diagram (Fig. 60) will 
give an idea of the various relative 
positions of the dredge and the vessel I 
according to the plan of dredging 
adopted by Captain Calver, which 
worked admirably, and which ap- 
pears, in fact, to be the only mode 
wliich would answer for great depths. 
the position of the vessel when the 

dredge is let go, and the dotted line A B  the line of 
descent of the dredge, rendered oblique by the tcn- 
sion of the rope. While the dredge is going down 
the vessel drifts gradually t o  leeward; and when 
the whole (say) 3,000 fathoms of rope are out, c,  m, 
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and D might represent respectively the relative posi- 
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from the dredge, and the dredge itself. The vessel now 
steams slowly t o  windward, occupying successively 
the positions E, F, G, and H. The weight, to which 
the water offers but little resistance, sinks from 
w to w’, and the dredge and bag more slowly from 
D to  B. The vessel is nom allowed to drift back 
before the wind from H towards C. The tension of 
the motion of the vessel, instead of acting immedi- 
ately on the dredge, now drags forward the weight 
m’, RO that the dredging is carried on from the 
weight and not directly from the vessel. The 
dredge is thus quietly pulled along with its lip 
scraping the bottom in the attitude which it 
assumes from the centre of weight of its iron frame 
and arms. If, on the other hand, the weights 
were hung close to the dredge, and the dredge were 
dragged directly from the vessel, owing to the great 
weight and spring of the rope the arms would be 
continually lifted up and the lip of the dredge pre- 
vented from scraping. In very deep dredging this 
operation of steaming up to windward until the 
dredgerope is nearly perpendicular, after drifting 
for half an hour or so to  leeward, is usually. 
repeated three or four times. 

At 8.50 P.M. we began to haul in, and the ‘Aunt 
Sallies ’ to fill again. The donkey-engine delivered 
the rope at  the rate of rather more than a foot per 
second, without a single check. A few minutes 
before 1 A.M. the weights appeared, and a little after 
one in the morning, eight hours after it was cast 
over, the dredge was safely hauled on deck, having 
in the interval accomplished a journey of upwards 
of eight statute miles. The dredge contained 14 cwt. 
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of very characteristic pale grey Atlantic ooze. The 
total weight brought up by the engine was- 

2,000 fathoms, Bi-incli rope . . . . . . .  4,000 lbs. 
1,000 fathoms, 2-inch rope . . . . . . .  1,500 .. 

5,500 lbs. 

Weight of ropo roduced to one-fourth in water -- 1,375 Ibs. 

c 

Dredgo and bag . . . . . . . . . . .  275 .. 
Oozo brought up 168 1, . . . . . . . . . .  
Weight attached . . . . . . . . . .  224 .. 

2,042 lbs. 

Much more experience will yet be necessary before 
we can assure ourselves that we have devised the 
dredge of the best form and weight for work in the 
deep sea. I rather think that the dredges, 160 to 
225 lbs., which we have been in the habit of using, 
are too heavy. In  many instances we have had 
evidence that the dredge, instead of falling gently 
upon the surface and then gliding along and gather- 
ing the loose things in its path, has fallen upon its 
mouth and dug into the tenacious mud, thereby 
clogging itself, so as t o  admit but little more, I 
mean t o  try the experiment of heavier weights and 
lighter dredge-frames in the ' Challenger,' and I 
believe it will be an improvement. 

In many of our dredgings at all depths we found 
that, while few objects of interest were brought up 
Within the dredgo, many echinoderms, corals, and 
sponges came to the surface sticking to tho outside 
of the dredge-bag, and even to the first few fathoms 
of the dredge-rope. 

This suggested many expedients, and finally 
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Captain Calver sent down half-a-dozen of the ‘swabs’ 
used for mashing the decks attached to the dredge. 
The result was marvellous. The tangled hemp 
brbught up everything rough and moveable which 
came in its way, and swept the bottom as it might 
have swept the deck. Captain Calver’s invention ini- 
tiated a new era in deep-sea dredging. After various 
experiments we came t o  the conclusion that the 
best plan was to attach a long iron transverse i a r  
to the bottom of the dredge-bag, and to  fasten large 
bunches of teazed-out hemp to the free ends of the 
bar (Fig. 51). We now regard the ‘ hempen tangles ’ 
as an essential adjunct to the dredge nearly as 
important as the dredge itself, and usually much 
more conspicuous in its results. Sometimes, when 
the ground is too rough for ordinary dredging, we 
use the tangles alone. There is some danger, how- 
ever, in their use. The dredge employed under the 
most favourable circumstances may be supposed or 
hoped to pass over the surface of the floor of the 
sea for a certain distance, picking up the objects in 
its path which are perfectly free, and small enough 
to enter the dredge mouth. If they chance to be 
attached in any way, the dredge rides over them. 
Tf they exceed in the least the width of the dredge- 
opening, at  the particular angle at which the dredge 
may present itself at  the moment, they are shoved 
aside and lost. 

The Mollusca have by far the best chance of being 
fully represented in investigations carried on by the 
dredge alone. Their shells are comparatively small 
solid bodies mixed with the stones on the bottom, 
and they enter the dredge along with these. Echino- 
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dwms, corals, and sponges, on thc contrary, are bulky 
objects, and are frequently partially buried in tlie 

Fro. Ri.-Drcclgc with ‘Iiornprn tn1~gIi.b ’ 

mud or more or less firmly attached, so that the 
h d g e  gcncraIIy misses them. With thc tangles it 

S 



255 II'IIE DEPTHS OF THE SE-4. [CIIAP. VI .  

is the reverse. 'l'lie smooth heavy shells are rarely 
brought up, while frequently tlic tangles loaded with 
the spiny spheres of Cidaris, great white-beardcd 
Rroltenia?, glistening coils of Ijr?lalonei)acc, relieved by 
the crimson stars of Astyopecten and Brisinga, pre- 
sent as remarkable an appearance as can well be 
imagined. On one occasion, to which I have already 
referred, I am sure not fewer than 20,000 examples 
of Bhinzcs noruegicus came LIP on the tangles at 
one haul. They were warped through and through 
the hempen fibres, and actually filled the tangles 
so that we could not get them out, and they hung 
for days round the bulwarks like nets of pickling 
onions in a greengrocer's shop. The use of the 
tangles, which seem so singularly well adapted to 
their capture, givcs therefore a totally unfair advan- 
tage to the radiate groups and the sponges, and this 
must always be taken into account in estimating 
their proportion in the fauna of a particular area. 

The tangles certainly malie a sad mess of the 
specimens; and the first feeling is one of woe, as we 
undertake the almost hopeless task of clipping out 
with a pair of short nail-scissors the mangled 
remains of sea-pens, the legs of rarc crabs, and 
the dismembered disks and separated arms of delicate 
crinoids and ophiurids. We must console ourselves 
with the comparatively few things which come up 
entire, sticking to the outer fibres ; and with the re- 
flection that had we not used this somewhat ruthless 
moans of capture the mutilated specimens would have 
remained unknown to us at the bottom of the sea. 

The dredge comes up variously freighted according 
to the locality. Usually, if dexterously managed, 
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the bag is about half full. 'If, from a great depth, 
beyond the reach of currents, wliere there is only so 
slow a movement of the mass of water that the finest 
sediment is not carried away, it contains usually 
fine calcareous or aluminous mud alone, with the 
animals forming the fauna of the locality distributed 
through it. In shallower water we may have sand 
or gravel, OF stones of various sizes mixed with mud 
and sand. 

The next step is to examine the contents of the 
dredge carefully, and to store the objects of search for 
future use. ?'he dredge is hauled on deck, and there 
are two ways of emptying it. We may either turn it 
up and pour out its contents by the mouth, OF we 
may have a contrivaiice by which the bottom of the 
bag may be made to unlace. The first plan is the 
simplest and the one most usually adopted. The 
second has the advantagc of letting the mass out 
more smoothly and easily, but the lacing iutroduces 
rather a damaging complication, as it is apt t o  
loosen or give way. In  a regularly organized dredg- 
ing expedition, a frame is often arranged with a 
ledge round it to receive the contents of the dredge, 
but it does very well to capsize it on an old piecc of 
tarpauling. Any objects visible on the surface of 
the heap am now carefully removed and placed for 
identification in jars or tubs of sea-water, of which 
thero should be a number standing ready. The 
heap should not be much disturbed, for the delicate 
objects contained in it have already been unavoid- 
ably subjected to  a good deal of rough usage, and 
the. less friction among the stones the better. 

Close to the place where the dredge is emptied 
s 2  



there ought t o  be one or two tubs about two feet 
in diameter and twenty inches deep, and each tnb 
should be provided with a set of sieves so arranged 
that the lowest sieve fits freely within the bottom 
of the tub, and the three succeeding sieves fit freely 
within one another (Fig. 82). Each sieve is pro- 
vided with a pair of iron handles through which 
the hand can pdss easily, and the handles of tlie 
largest sieve are inacle long, so that the whole nest 
can be lifted without stooping and putting the arms 

FIG. 62.-Sct of Drcdgirig Sicves. 

into the water. The upper smallest sieve is usually 
deeper than the others ; it is made of a strong open 
net of lxass wire, the iueslies a half inch to a sidc. 
The second sieve is a good tlcal finer, the meshes 
n quarter inch to a sidc. The third is fincr still, 
and the fourth SO close as only to allow the passagc 
of mud or fine sand. The sieves are put into tlic 
tub, and the tub filled up to the middle of the top 
sieve with sea-water. The top sieve is then half 
filled with the contents of the dredge, and tlie set 
of sievcs are gently inoved up and down in thc 
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water. It is of great importance not to give any 
rotatory motion to the sieves in this part of the 
process, for such is very ruinous to fragile organisms. 
The sieves should be gently churned up and down, 
whether singly or together. The result, of course, is 
that the rougher stones and gravel and the larger 
organisms are washed and retained in the upper 
sieve. The fine mud or sand passes through the 
whole of the sieves and subsides into the bottom of 
the tub, while the three remaining sieves contain, in 
graduated series, tlic olljects of intermediate size. 
The sieves are examined carefully in succession, and 
the organisms which they contaiii gently removed 
with a pair of brass or bone forceps into the jars 
of sea-water, or placed at  oiice in bottles of weak 
spirit of wine. 

The scientific value of a dredging operation de- 
pends mainly upon two things,-the care with which 
the objects procured are preserved ahd labelled for 
future identkfication and reference, and the accuracy 
with which all the circuinstancev of the dredging, 
position, depth, nature of ground, bottom tempera- 
ture, date, &c., are recorded. With regard to the 
preservation of the animals, I cannot here go into 
detail. There are many ways of preserving, special 
to the different invertebrate groups ; and ' taxidermy ' 
is in itself a complicated art. I will merely men- 
tion one or two general points. A specimen in 
almost every group is of infinitely grcater scientific 
value if it be preserved entire with its soft parts. 
For this purpose the most usual plan is to place it 
at  once in spirit of wine diluted to  about proof. 
Care must be taken not to put too many specimens 
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togzther in one jar, or they will very shortly become 
discdoured ; and the jars ought to be looked to care- 
fully and the spirit tested, and i f  necessary renewed 
after they have been set aside for a day or two, as 
sea animals contain a large quantity of mater. In 
hot weather, and if the specimens be bulky, it is 
often better to use strong spirit. The ordinary 
methylated spirit of commerce answers sufficiently 
wcll for ordinary purposes, though if a specimen be 
raserved for minute dissection: I prefer using pure, 
or even absolute alcohol. 

For very delicate transparent objects,-such as 
salpx?, siphonophora, polycystintt, &c., - Goadby’s 
solution seems to  be preferable: but do what we 
may, a preserved specimen of one of these lovely 
objects is a mere caput moi-tzmn, a melancholy sug- 
gestion of its former beauty; good only for the 
demonstration of anatomical structure. 

In preserving marine animals dry, as much of 
the soft parts should be removed as possible, and 
replaced by tow or cotton, and tlie object to be 
dried should be steeped in several changes of fresh 
water to get rid of the whole of the salt, and then 
dried very thoroughly aad not too quickly. Every 
specimen, whether dry or inspirit, should be labelled 
at once, with the number under which this particular 
dredging is entered in the dredger’s note-book. It 
is wonderful how soon things get into confusion 
if this be not rigorously attended to. The Emall 
paper tickets with a fancy margin and gummed on 
the back, which haberdashers use for ticketing 
their goods, are to  be had of all wholesale 
stationers a t  nominal prices, and they are very con- 
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venient. Their great disadvantage is that .  if  the 
botkles on which they are fixed get wet they are apt 
t o  come off. 

Pencils are sold by seed-merchants for writing on 
tallies which are t o  be exposed to  rain. Perhaps 
the safest plan is to  mark the number and date with 
such a pencil on a shred of parchment or parch- 
ment paper, and put it into the bottle. This may 
seem a trifling detail, but’ so great inconvenience 
constantly arises from carelessness in this matter, 
that I feel sure of the sympathy of all who are 
interested in the scientific aspect of dredging when 
I insist upon the value of accurate labelling. 

It is of even greater importance that certain 
circumstances relating t o  every individual haul of 
the dredge should be systematically noted, either 
in the dredger’s diary, or on a special form prepared 
for the purpose. The precise position of the station 
ought to be defined in shore dredging by giving 
the distance from shore and the bearings of some 
fixed objects; in ocean dredging by noting accurately 
the latitude and longitude. In the Lightning,’ in 
1868, we dredged at a station about 100 miles to  
the north of the Butt of the Lew, and came upon 
a singular assemblage of interesting animal forms. 
Next year, in the 6 Porcupine,’ we were anxious to  
try again the same’ spot to procure some additional 
specimens of a sponge whioli we were studying. 
The position had been accurately given in the log 
of the Lightning,’ and the first haul at a depth of 
upwards of half a mile gave us the very same group 
of forms which me had taken the year before. On 
our return Captain Calver again dropped the dredge 
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upon the same spot, with like success. The depth 
in fathoms should be carefully noted, as a most im- 
portant element in determining the conditions of life 
and distribution of species; and the nature of the 
bottom-whether mud, sand, or gravel; and if the 
latter, it is well t o  state the nature and composition 
of the pebbles, and if possible the source from which 
they may probably have been derived. Now that 
we have in the Miller-Casella. thermometer a reliable 
instrument for this purpose, the bottom temperature 
ought always t o  be noted. This is important whether 
in shallow or in deep water. In shallow water it 
gives a datum for determining the range of annual 
variation of temperature which can be endured by 
certain species; and at  great depths it is even more 
important, as we are now aware that, owing to the 
movement of masses of water at  different tempera- 
tures in various directions, totally different condi- 
tions of climate may exist in deep water within a 
few miles of one another, and the limits of these 
conditions can only be determined by direct experi- 
ment. It is important when determiping the bottom 
temperature to note also the temperature of the 
surface of the sea, the temperature of the air, the 
direction and force of the wind, and the general 
atmospheric conditions. If the dredger be purely a 
zoologist, having no particular interest in special 
physical problems, it will still be well worth his 
while to make all the observations indicated and t o  
publish the results. These then pass into the 
hands of physical geographers, to whom all trust- 
worthy additions io the myriad of data which are 
required to  arrive at  a true generalization of the 
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phenomena of the distribution of temperature are 
most acceptable. 

At the Birmingham Meeting of the British Asso- 
ciation in 1839 an important committee was ap- 
pointed c 6  for researches with the dredge, with a 
view to  the investigation of the marine zoology of 
Great Britain, the illustration of the geographical 
distribution of marine animals, and the more 
accurate determination of’ the fossils of the plio- 
cene period: under the superintendence of Mr. 
Gray, Mr. Forbes, Mr. Goodsir, Mr. Patterson, Mr. 
Thompson of Belfast, Mr. Ball of Dublin, Dr. George 
Johnston, Mr. Smith of Jordan Hill, and Mr. A. 
Strickland.” The appointment of this committee 
may be regarded as the initiation of the systematic 
employment of this method of research. Edward 
Porbes was the ruling spirit, and under the genial 
influence of his contagious enthusiasm great pro- 
gress was made during the next decade in the know- 
ledge of the fauna of the British seas, and many 
wonderfully pleasant days were spent by the original 
committee and by many others who, from year to 
year, were ‘ added to  their number.’ Every annual 
report of the British Association contained commu- 
nications from the English, the Scottish, or the Irish 
branches of the committee, and in 1850 Edward 
Forbes submitted its first general report on British 
marine zoology. This report, as might have been 
anticipated from the eminent qualificatims of the  
reporter, was of the highest value; and talion along 
with his remarkable memoirs previously published, 
“on  the distribution of the Nollusca and Radiata 
of the Bgean Sea,” aiid 6‘ on the geological relations 
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of the existing Fauna and Flora of the British 
Isles,” may be said t o  mark an era in the progress 
of human thought. 

After enumerating various additions to our know- 
ledge of the distribution of marine invertebrata 
within the British area which were still to be de- 
sired, Forbes concludes his report with the following 
sentence : “And lastly, though I fear the consum- 
mation, however devoutly wished for, is not likely 
soon t o  be effected, a series bf dredging between 
the Zetland and the Fgroe Isles, where the greatest 
depth is under 700 fathoms, would throw more light 
on the natural history of the North Atlantic and 
on marine zoology generally than any investigation 
that has yet been undertaken.” 

To Forbes’s general report succeeded many reports 
from the different sections into which from year to 
year the committee divided, itself. Among these I 
may mention particularly tho very excellent work 
done by the Belfast dredging committee, communi- 
cated t o  several meetings of the Association by the 
late Mr. George 0. Hyndman; the reports of the 
Dublin committee by the late Professor Kinahan 
and Profcssor E. Perceval Wright; the important 
lists of the fauna of the East Coast of England re. 
ported on behalf of the Natural History Society of 
Northumberland, Durham, and New cast le-upon-Tync, 
and of the Tpe-side Naturalists’ Field Club, by Mr. 
Eenry T. BIennell and Mr. G. S. Brady; and lastly 
the invaluable reports on the marine fauna of the 
&<rides and Shetland, compiled at an extraordinary 
expense of labour, discomfort, and privation-doubt- 
less with an immediate guerdon of infinite enjoyment 
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-through many years, by Mr. Gwyn Jeffreys, Mr. 
Barlee, the Rev. A. Merle Norman, and Mr. Edward 
Waller, and communicated to the Transactions of the 
Association from 1863 to 1868. The dredging com- 
mittees of the British Associatioh, combining the 
pursuit of knowledge with the recreation of their 
summer holidays, may be said to have worked out the 
fauna of tlie British area down to the 100-fathom 
line, for the dredger is now rarely rewarded by a 
conspicuous novelty, and must be contented that the 
greater number of his additions to the British list 
are confined t o  the more obscure groups. 

Meanwhile some members of the dredging com- 
mittee and their friends who had time and means 
at  their disposal pushed their operations farther 
a-field, and did good service on foreign shores. In  
1850, Mr. MacRndrew published many valuable notes 
on the lusitanian and mediterranean .fauna ; and 
in 1866, at  the request of the biological section of 
the British Association, lie submitted to the Chel- 
tenham meeting a general “report on the marine 
testaceous mollusca of the Koorth-east Atlantic and 
neighbouring seas, and the physical conditions affect- 
ing their development.” The field of these arduous 
labours extended from the Canary Islands to the 
North Cape, over about 43 degrees of latitude, and 
many species are recorded by him as having been 
dredged at  depths between 160 and 200 fathoms off 
the coast of Norway. Subsequently, Mr. Gwyn 
Jeffreys went over some of tho same ground, Elnd 
made inany additions to the lists of his predecessors. 

In Scandinavia 
a brilliant triumvirate- Lov6n of’ Stockholm, Steen- 

Nor were our neighbours idle. 



strup of Coyenhagen, and Michael Sars of Chris- 
tiania-were making perpetual advances in the 
knowledge of marine zoology. Milne-Edwards was 
illustrating the fauna of the coast of Prance, and 
Philippi, Grube, Oscar Schmidt, and others were 
continuing in the Mediterranean and the Adriatic 
the work so well begun by Donati, Olivi, Risso, 
Delle Chiage, Poli, and Cantmine ; while Deshayev 
and Lacaze Dutbiers illustrated the fauna of the 
coast of Algeria. So much brogress had already 
been made at home and abroad, that in the year 
1354 Edward Forbes considered that the time had 
arrived for giving to  the public, at all events a pre- 
liminary sketch of the fauna of the European seas 
-a work which he commenced, but did not live t o  
finish. 
I need scarcely say that these operations of the 

British Association dredging committees were carried 
011 generally under tho idea that at the 100-fathom 
line, by which amateur work was practically limited, 
they approached the zero of animal life-a notion 
which was destined t o  be gradually undermined and 
finally completely overthrown. From time t o  time, 
however, there were not wanting men of great skill 
and experience to maintain, with Sir James Clark 
ftoss, that (‘ from however great a depth we may be 
enabled to bring up the mud and stones of the bed 
of the ocean, we shall find them teeming with animal 
life.” From the very general prevalence of the 
negative view there was little to stimulate to the 
investigation of the bottom at great depths, and data 
gathered very s l o d ~ .  
1 have already referred (p. 18 et i,/ifva) to  the 
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observations of Sir John Ross in 1818, of Sir 
James Ross in 1840, and of Mr. Harry Goodsir 
in 1846. I n  the year 1844 Professor Lov6n con- 
tributed a paper, ‘‘ on the bathymetrical distribu- 
tion of submarine life on the northern shores of 
Scandinavia,” t o  the British Association. He says, 
“ With us the region of deep-sea corals is character- 
ized in the south by Oculinu rantea and Terebratula, 
and in the north by Astro$?byton., cidaris, Spatangus 
pwpuwus of an immense size, a11 living; besides GOT- 
gonia! and the gigantic Alcyonium arborcum, which 
continues as far down as any fishermau’s line can be 
sunk. As to the point where animal life ceases, i t  
must be somewhere, but with us it is unknown.”’ 

In  1863 the same naturalist, referring to the 
result of the Swedish Spitzbergen expedition of 
1861, when mollusca, crustacea, and hydrozoa were 
brought up from a depth of 1,400 fathoms, expresses 
the remarkable opinion, which later investigations 
appear generally to support, that at  great depths, 
wherever the bottom is suitable, “ 8  fauna of tlic 
hame general character extends from pole t o  pole 
through all degrees of latitude, some of- the species 
of the fauna being very widely distributed.” 
In 1846 Keferstein mentions having seen in Stock- 

holm a whole collection of invertebrate animals- 
crustacea, phascolosoma, annelids, spatangus, myrio- 
tzochus, sponges, Bryozoa, rhizopoda, &c.-taken at 
n depth of 1,400 fathoms during 0. Torell’a Spitz- 

Report of the Fourteenth Meeting of the British Association, held 
(Transactions of the Sections, p. 50.) 

Forh. ved do Skand. Nuturforskeres Mode i S tockhob  1863, 
at Tork in September 1844. 

p 384. 
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bergen expedition in the ‘Maclean nets,’ and in 
the same year 0. Torell alludes t o  one of the crus- 
taceans from that depth being of a bright colour.’ 

In  1846 Captain Spratt, R.N., dredged at a depth 
of 310 fathoms forty miles east of Malta a number 
of mollusca which have been subsequently examined 
by Mr. Gwyn Jeffreys and found to be identical with 
species dredged at considerable depths in the north- 
ern seas duricg the ‘ Porcupine’ expedition. The 
list includes L e d a  pellucida, ‘PHILIPPI ; Leda  ucu- 
minata, JEFFREYS ; Dental ium agile, SARS ; Hela  
tenella, JEFFREYS ; Eulima stenostonzu, JEFFREYS ; 
Tropholz Barvicemis, JOHNSTON ; Pleurotoma cari- 
natum, BIVONA; and Philine quadrata, S. V. WOOD. 
Captain Spratt observes that he ‘‘ believed animal 
life to  exist much lower, although the general 
character of the Bgean is to limit it to 300 
fathoms.” 

In 1850 Michael Snrs, in an account of a zoolo- 
gical excursion in Finland and Loffoten, expressed 

. his conviction that there is a full  development of 
animal life at  considerable depths off the Norwegian 
coast. He enumerated nineteen species taken by 
himself at depths beyond 300 fathoms, and pointed 
out that two of these were the largest species 
known of their respective genera? 

1 Nachrichteii der Konigl. Ge6elle.ch. der Wissensch. zu Gottingen. 

2 On the Influrncc of Temperature upon the Distribution of the 
Report of the Eighteenth Meeting of tho 

8 Deretning 0111 en i Somrneren, 1840, foretagen zoologisk Reise i 

Maris 18 t G. 

Fauna in  the a g e a n  Sea. 
British Association, 1848. 

Lofoten og Finmarken. Christiania, 1850. 
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I have referred likewise (p. 26) to Professor 
Fleeming Jenkin’s notes on the living animals 
attached to the Mediterranean cable at a depth of 
1,200 fathoms, and to the results of DF. Wallich’s 
special investigations on board H.M.S. ‘ Bull-dog.’ 

I n  a general review of the progress of knowledge as 
t o  the conditions of life at great depths, these investi- 
gations deserve special notice, as, even if they must 
still be regarded as somewhat unsatisfactory, they 
distinctly mark a stage in advance. Although, from 
the imperfection of the means at his disposal, Dr. 
Wallicli could not bring home evidence sufficient 
absolutely to satisfy others, he was convinced in his 
own mind from what he saw, that living beings high 
in the scale of organization might exist at any depth 
in the ocean; he expounded clearly and forcibly 
the train of reasoning which led him to  this belief, 
and subsequent events have amply justified his con- 
clusion. The space at  my disposal will not allow 
me to  quote and discuss Dr. Wsllich’s arguments, in 
some of which I thoroughly concur, while from 
others I am compelled to dissent. The facts were 
most important, and their significance increases now 
that they are fully confirmed and illustrated by ope- 
rations on a large scale. In  lat. 69” 27‘ N., long. 
26“ 411’ W., a depth of 1,260 fathoms having been 
previously ascertained, a new kind of deep-sea dredge 
was lowered; but in consequence of its partial failure, 
a second apparatus (namely, the conical cup) was em- 
ployed, fifty fathoms of line in excess of tho recorded 
depth being paid out in order to ensure the unchecked 
descent and impact of the instrument at tho bottom* 
Tho dredge ‘had already brought up a small quantity 
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of unusually fine globigerina deposit and some small 
stones. The second instrument came up quite full of 
the deposit ; but it was neither SO free from amorphous 
matter, nor did it contain any of the small stones. 
Adhering, however, to the last fifty fathoms of line, 
which had rested on the ground for several moments, 
were thirteen ophiocomlle, varying in diameter across 
the arms from two t o  five inches.” The misfortune 
of these star-fishes was that they did not go into the 
dredge; had they done so, they would at once have 
achieved immortality. Now, of course, we have no 
doubt that they came from the bottom, but their 
irregular mode of appearance left, in the condition 
of knowledge and prejudice at the time, a loophole 
for scepticism. 

In three soundings, including that in which the 
star-fishes were obtained, at 1,260, 1,913, and 1,268 
fathoms respectively, “ minute cylindrical tubes oc- 
curred, varying from one-eighth to half an inch in 
length, and from one-fiftieth to  one-twentieth of an 
inch in diameter. These were built up almost ex- 
clusively of very small globigerina shells, and still 
more minute calcareous d h i s  cemented together.” 
. . . . “The shells forming the outer layer of the 
tubes were colourless, and freed of all sarcodic 
matter; but the internal surface of the tubular 
cylinder was lined with a delicate yet distinct layer 
of reddish chitine.” Dr. Wallich is satisfied that 
these tubes contained some species of annelid. ‘‘ In 
a sounding taken in lat. 63” 31’ N., long. 13” 4&’ W., 
in 682 fathoms, a portion of a seiyula-tube five- 
twelfths of an inch in length, and about three- 
sixteenths of an inch in diameter, belonging to a 
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known species, came up in such a condition as to 
leave no room for doubt that it liad been broken 
off the rock or stone to which it was adherent by 
the sounding-machine, and that the animal was 
living; whilst a smaller Serpula and a cluster of 
apparently living polyzoa were adherent to its ex- 
ternal surface. A minute Spii*ovbis also occurred in 
this sounding. Lastly, from a depth of 445 fathoms, 
within a short distance of the south coast of Iceland, 
a couple of living amphipod crustaceans were ob- 
tained, aud a filanientous annelid about three-quarters 
of' an inch in length." Basing liis opinion principally 
upon these facts, Dr. TVallicli, in coiiclusion, submits 
several propositions, tlie two most important of which 
may be said to anticipate the more remarkzble results 
of our subsequent work. As tlie others are merely 
founded upon what I conceive to be a mistaken 
determination of the animal species captured, I need 
not now quote them.' 

1. The conditions prevailing at  great depths, 
although differing materially from those wliich pre- 
vail at  the surface of tlic ocean, are not incompatible 
with the iiiaintcnance of animal life. 

* * * * * * * 
" 5. The discovery of even a single species, living 

uormally at great depths, warrants the inference that 
the deep sea has its own special fauna, and that it has 
always had it in ages past;  and hence that many 
fossiliferous strata heretofore regarded as having beeu 

And see Professor Sara' 6cBeniierkninger over J u t  dyrislce Livs 
Udbredning i IItlrets Dybder, iued sacrligt Hensp  til et af Dr. 
jf'nllich i London nylig udkoniruet Skrift, ' The North Atluntic Sea- 
L d '  " 

'I' 
(Pid..Sslsk. Forhnndlinger for 1864.) 
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deposited in comparatively shallow water, have been 
deposited at great dept’lis.” 

I n  1864, Professor Sars made a great addition t o  
his list of spccies from depths of from 200 to 300 
fathoms off the coast of Norway. He remarks :- 
(‘ The species of animals named are not certainly very 
numerous (92), yet when we consider that most of 
them were taken accidentally, attached t o  the lines 
of the fishermen, and that only in a few instances the 
dredge was used at these great depths, it will be seen 
that there is a very interesting field here for the 
Naturalist furnished mith the proper instruments.” 

I n  1888 Professor Sars made a still €urther addi- 
tion t o  the deep-sea fauna of the Norwegian Seas; 
an addition so important, that he remarks “that  it 
is so great as t o  give a tolerably complete idea of 
the general fauna of these coasts.” This increase of 
knowledge, Profcssor Sars states, is almost entirely 
due to the indefatigable labours ‘of his son, G. 0. 
Sars, an Inspector of Fisheries under the Swedish 
Government, who took advantage of the opportuni- 
ties given by his occupation t o  dredge down to 450 
fathoms on some parts of the coast, and among the 
Loffoten Islands. Sars likewise acknowledges many 
contributions from his old fellow-labourers, Danielssen 
and Koren. The number of species from depths be- 
tween 250 and 450 fathoms on the coast of Norway 
now reaches 427, tlius distributed :- 

species. 
Rhizopoda. . . . . . . .  G8 
Porifera . . . . . . . .  5 . . . .  

- 73 
--._ 

Protozoa. 

,-__--.-- 

I North Atlantic Sea bed, p. 154. 
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y rozoa . . . . . . . .  . . .  Anthozoa . . . . . . . .  
Crinoidea . . . . . . . . .  
Asteridea, inclnding Ophiuridea . 
Echinoidea. . . . . . . .  
Holothuriden 

Calenterata. { 

. .  Echinodermata. 

. . . . . . .  
Gephyrca . . . . . . . .  

Vermes { Annulida . . . . . . . . .  . . . . . .  

Pulyzoa. . . . . . . . .  
Tunicata . . . . . . . .  

Molluscn . . . .  I ~rnc11iopoda . . . . . . .  
I Conchifora. . . . . . . .  

Bpecles. 
2' 

20 - 22 
2 

21 
5 
8 -  - 3G 
(i 

;51 
- 57 
35 
4 
4 

37 
Cephalopho~x . . . . . . .  63 

- 133 
Arachnida . . . . . . . . .  1 
Crustacea . . . . . . . .  105 . . . .  

- 106 
Arthropodti 

Of these 24 protozoa, 3 echinoderms, and 13 mol- 
hsca are from a depth of 460 fathoms. Professor 
ears adds: ('We may say, according to our present 
information, that the true deepwater belt commences 
at about 100 fathoms. The greater number of deep- 
sea species begin to appear thcn, though sparingly, 
and they increase in number of individuals as we 
descend to 300 fathoms, or in some cases to 460, 
when investigations 'have heen carried so far. TO 
what depth this belt extends, or whether there is 
another below it .of a different character, is not yet 
known. * * 1 

In the year 1864, M. Rarboza du Bocage, Director 

Fortsntte Bemscrkninger over det dyrska Livs Udbredning i 
Ilav@ts Dybder, af 15.. Sars. (Vidonsk-Selsk. Forhandlinger for 
1868.) 

T 2  



of the Natural History Museum of Lisbon, greatly 
surprised tho zoological world by a notice of the 
occurrence on the coast of Portugal of wllisps of 
silicious spicules resembling those of the .I€gu- 
Zoitenzm of Japan.’ They were brought up by the 
Setubal shark-fishers, who, it seemed-an equally sin- 
gular circumstance--plied their vocation at  a depth 
of 500 fathoms. Professor Perceval Wright, anxious 
to ascertain the fu l l  history of the case and to 
get JZyalonenta in a f resl i~ state, went to Lisbon 
in the autumn of 1868, and with the assistance of 
Professor du Bocage and some of his friends procured 
at  Setubal an open boat and a crew of eight men, 
with ‘‘ 600 fathoms of rope, the dredge, lots of hooks 
and bait, and provisions for a couple of days. Leav- 
ing the port of Setubal a little before five o’clock in 
the evening, we, after a fair night’s sailing, yeached 
what thc fishermen signed to me to Be the edge of 
the deep-sea valley, d i e r e  thcy were in the habit 
of fishing for sharks, and there, while thus engaged, 
they had found the IIyalonemx. It was now about 
five o’clock in the morning ; and the men, having had 
their breakfast, put the boat up to the wind, and let 
down the dredge ; before it reached the bottom, about 
480 fathoms of rope were run out, some thirty more 
mere allowed for slack, and then \?.e gently drew it- 
by hoisting a small foresail-for the distance of about 
a mile along the bottom. It required the united 
efforts of six men, hauling thc line hand over hand, 
with the assistance of a double pulley-block, to pull 
in the dredge: the time thus occupied was just an 

18G1, p. 265. 
Proceeding8 of tho Zoological Scciety of Lopdon for the Year 
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hour. The dredge was iiearly full of a tenacious 
yellowish mud, through which sparkled innumerable 
long spicules of the Byalonema; indeed, if you drew 
Your fingers slowly through the mud, you would 
tllereby gather a handful of these spicules. One 
fipecimen of HyaJonemn, with the long spicules in- 
serted into the mud and crowned with its expanded 
sponge-lace portions, rewarded my first attempt a t  
dredging at  such .a  depth.”’ This dredging is of 
especial interest, for it shows that although difficult 
and laborious, and attended with a certain amount of 
risk, it is not impossible ill an open boat and with a 
crew of alien fishermen, to test the nature of the 
bottom and the character of the fauna, even t o  tho 
great depth of 500 fathoms. 
In the year 1868, Count L. F. de Pourtales, one 

of the officers employed in the United States Coast 
Survey under Professor Pierce, commenced a series of 
deep dredgings across the gulf-stream off the coast of 
Plorida ; which were continued in the following year, 
and were productive of most valuable results. Many 
important memoirs at  the hands of Count Pourtales, 
Mr. Alexander Agassie, Mr, Theodore Lyman and 
others, have since enriched the pages of the Bulletin of 
the Museum of Comparative Zoology, and have greatly 
extended our knowledge of the deep-sea gulf-stream 
fauna ; and much information has been gained as t o  
the qature of the bottom in those regions, and the 
chauges which are there taking place. Unfortunately 
a large part of the collections were in Chicago in the 

Notes on Deep-sea Dredging, by Edward Percoval Wright, 31.D.~ 
F.L.S., from the Annals and Magazine of Natural History for 
December 18G8. 
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hands of Dr.’Sthpson for description at the time 
of the terrible catastrophe which laid a great part 
of that city in ashes, and were destroyed; but, by 
a singularly fortunate accident, our colleague Mr. 
Gmyn Jeffreys happened to be in Chicago shortly 
before the fire, and Dr. Stimpson gave him a series 
of duplicates of the mollusca for comparison with 
the species dredged in the ‘Porcupine,’ and a valu- 
able remnant was thus saved. M. de Pourtales, 
writing to  one of the editors’ of Silliman’s Journal 
on the 20th of September, 18G8, says : “ The dredg- 
ings were made outside the .Florida reef, at the 
same time as the deep-sea soundings, in lines ex- 
tending from the reef to a depth of about 400 to 
600 fathoms, so as t o  develop the figure of the 
bottom, its formation and fauna. Six such lines 
were sounded out and dredged over in the space 
comprised between Sandy Bay and Coffin’s Patches. 
All of them agree nearly in the following particu- 
lars: from the reef to about the 100-fathom line, 
four or five miles off, the bottom consists chiefly 
of broken shells and very few corals, and is rather 
barren of life. A second region extends from the 
neighbourhood of the 100-fathom line to about 300 
fathoms ; the slope is very gradual, particularly 
between 100 and 200 fathoms ; the bottom is rocky, 
and is inhabited by quite a rich fauna, The breadth 
of this band varies from ten to twenty miles. The 
third region begins between 260 and 300 fathoms, 
and is the great bed of foraminifera so widely ex- 
tended over the bottom of the ocean. . . . . 

“From the third region the dredges brought up 
fewer though not less interesting specimens, the 



CIIAP. VI.] DEEP-SEA DREDGIXG. 279 

chief of which was a new crinoid belonging to the 
genus Bourgzcetticrinus of D’Orbigny ; it may even 
be the species named by him B. holessieri, which 
occurs fossil in a recent formation in Guadaloupe, 
but of which only small pieces of the stem are 
known. I obtained half-a-dozen specimens between 
230 and 300 fathoms, unfortunately more or less 
injured by the dredge. The deepest cast made was 
in 617 fathoms; it gave a very handsome Mopsea 
and some annelids.” 

The results of the ‘ Lightning ’ cruise in 1868, -in 
which dredging was success€ully carried down to  
650 fathoms, have already been recorded. 

In the summer of 1870, MF. llarshall Hall, F.G.S., 
with an interest in science which is unfortunately 
rare among yachtsmen, devoted his yacht ‘ Norna ’ 
t o  deep-sea dredging work during a cruise along 
the coast of Portugal and Spain. I f  we may judge 
by several preliminary sketches which have from 
time to  time appeared at  the hands of Mr. Saville 
Kent, the collections made during this expedition 
must have been extensive aud valuable.2 

The last researches in order of’ time are tho& con- 
ducted on board H.M.S. ‘Porcupine’ in 1869 and 
1870. With the use of a Government surveying 
ship well found in all necessary appliances every- 
thing was in our favour, and, as has been already 
told, dredging was carried down t o  2,835 fathoms; 

h o r i c a i i  Journal of Science, vol. xcvi. p. 413. 
zoological Results of the 1870 Dredging Expedition of the Yacht 

norm’ off the coast of Spain and Portugal, communicated t o  the 
Biological Section of the British Association, Edinburgh, August 81 
l871. 

r r  

hTatu?*e, vol. iv. p. 456. 



280 21118 JILP2'rls OF 3Z& SEA. [CHAP.  V I .  

and tlie fact that there is an almidant and charac- 
teristic invertebrate fauna a t  all depths was placed 
beyond further question. As yet, little more can be 
said. A grand new field o€ inquiry lias been opened 
up, but its culture is terribly laborious. Evcry haul 
01 the dredge brings to light iiew znd uiifaniiliaP 
forms--forms which link tiieinselvcs strangcly wit11 
the iiihabitants of past periods in tlic earth's history ; 
but as yet wc have not tho data for geiicralizing the 
dccp-sca fauna, and speculating on its geological 
and biological relations ; for i iot~~~itl istsndi~ig a11 our 
strength and will, tlic arca of tlic bottom of t'lie 
deep sea which has been fairly drcdgcd inny still 
lie reckoned by the squarc yard. 

... .. 

. . -  
/' 
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Al’YENDlX A. 

DREDGING PAPER No. 5.  

Dote.-ith of June, 1849. 
Locality.-Off Multn. 
Dtpth.--.lO futhonis. 
Uistaiice front SIiow.-l t o  2 milcr;. 
Grou?ld.-Sand and stones. 
Rrgio)r.- 

v -  . . _._ 

species obtniiied. No. of living No. of dend I ~ ~ s e r , . a ~ ~ o l l s ~  
ayoclmcns. speclmens. I 

I I 
I 

Dentalium deiitnlis . . . . 
,, rubescens, or fissura 

,, bentinurn, var. ( 1 )  

Cecum trachea . . . . . 
Ditrupa coarctata, or strnngu- { 

lata . . , . * . . * )  

Corbula nucleus . . . . . 
Nema cuspidnta . . . . . 

1, 91 9 1  11 7, 

,, costulata . . . . . 
Pandors obtusa . . . . . 
h m m o b i a  ferroensis . . . ... 
Tellinn distorta . . . . . ... 

,, balaustinn . . . . . 3 ,, senatn. . . . . . I ... 
,, depressa . . . . . 

Syndosmya tennisl(prismatim1) . . . 
Venus ovntn . , , . . . 1 

. .  
Severnl. 

.*.  
S evcrd . 

1 
2 

... 

With R notched 2 

1 nnd valves. 
2 iuid valves. 

Valves. I 
1 and  valve^. 1 
1 mid valvea. 

1 vnlve. , 

Vnlves. ~ 

Vnlseu. I 
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Bpecies obtained. No. of living 
bpucilllena. 

Astarte incrnssatal . . . . 
Curdium pqpillosum. . . . . 

,, nimimum . . . . 
lmigatum . . . . 

C a r h a  squmnosa. . . . . 
L$ciciua epinifera . . , , , 
Diplodonttt rotnndatii . . . 
Modiola barbnta . . . , , 
Nucnln nucleus . . . . . 
Led8 ernargieata . . . . . 
AL :t%nn: : : : : 
,, antiquatit . . . . , 

Pectunculus glycinieris . . . 
Limu subnuriculuta . . . . 
Pectenjncobreus . . . . . 

,, gibbus . . . . . . 
,, polyniorphus . . . . 
,, testa?. . . . . . , 

,, siniilis . . . . . . 
,, sulcatus . . . . . 

Anoinia patelliformiti . . . 
Pileopsis hungmicus . . . . 
Bullnlignaria . . . . . *. 
,, cnmchii . . . . . . 
,, hydntiv . . . . . . 
,, striatuln . . , . . , 

Rissoa brugnieri . . . . . 
,, carinah (costatit). . . I 

,, ncuta,, vnr. . . . . . ! 
,, desmarestii . . . . 

Naticamucilenta . . . . . ! 

Eulinia polita, . . . . . . I 

* I  ,, distortn . . . . 
Chemnitzin varicosa . . . . 

,, elegnntissirna . . 
* I  ,, indistincta (1)  . 

Eulimella aciculu)’. . . ! 
Troclius tenuis, or dubius . . I 

,, Inontqiii . , . . 1 

9 ,  9 ,  I . . . .  

. 9 ,  

,, magus. . . . . . 

8 

1 
1 

5 
6 

1 
Several. 

3 
4 
8 

... 

... 

... 

... 

... 

... 

... 

... 
1 
... 
. . .  
1 
... 
... 
... 
... 
... 
... 
... 

... 

... 

... 
2 
... 
... 
. .  
... 
... 
1 

Several. 
... 
... 

Obsrmtiona.  

... 

Vulvc. 

1 valve. 
\ 

1 vnlve. 
1 and vdves 

Valves. 
Virlves. 
Valves. 
Vnlves. 

Viilves. 
illid 1 vulve 

1 
1 
2 
4 
1 
3 
2 

8 

3 
4 

1 
1 
4 
4 
2 
3 

1 

1 

‘ Sulcated to the ’ iiinrgin, 8oine of ! them nidiated. 

Longer, destitute 
of ribs, one 

Like cimex, but 

, verylnrge. 

niinutc. 

Iiiiperfect. 
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Bliocic~ obtnined. 

- 
Trochus montagui . . . .  
Turkdlster)Lbra. . . . .  

), tricoshlis . . . .  
Cerithum vulgatum, var. . .  

,, retredntuiu . . .  

. . . .  

9 )  . . .  
~ususmuricadk - . . . .  

. . . . .  ) 9  7, 

Pleurotoma nanuin . . . .  
,, seditlinum . . .  

Murextetrapterus . . . .  
Chenopuspes-pelecani . . .  
Buccinuru 1 .  . . . . . .  
Mitmebenea . . . . . .  

9 ,  11 * * e * '  

Ringicula auriculnta . . . .  
Marginella secaliiis . . . .  

)) clandestina . . , 

I aris hlstnx . . . . . .  
Zoophytes . . . . . . .  
C&r%aple? . . . . . .  / 

A l p  . . . . . . . . .  

Yo. of living 
epeclmcnu. 

... 
FilW. 
1 
. * .  
... 
... 
1 

1 .  
1 
1 

1 
1 

... 

... 
1 

... 
3 

Several. 

3 
... 

No. of d a d  
speci1uens. 

Several. 
Several. ... 

1 

2 
Several. 

... 

2 

1 

... 
2 
4 

Several. 
2 

Obaorvntionn. 

White. 

Thie species - s t  1 Gibraltar. 

Bright ornnge 
colour, banded, 
mall, striated 

-- 



CHAl”l’I3 R VII. 

DEEP-SEA TEMPERATURES. 

Ocean Currents and their general Effects on Climate.-Determination 
of Surface Temperatures. --Deep-sea Thermometers.-The ordinary 
Self-registering Thermometer on Six’s principle.-The Miller- 
Casella modification.-The Temperature Observations taken during 
the Three Cruises of H.M.S. ‘ Porcupino ’ in the year 1669, etc. 

APPE,NDIX A.-Surface Temperatures observed on board H. M.S. 
‘Porcupino’ during the Sammers of 1869 and 1870. 

APPEXDIX B.-Temperature of the Sea at different Depths near the 
Eastern Margin of the North Atlantic Basin, as ascertained by 
Serial and by Bottom Soundings. 

APPENDIX C.-Comparativo Hates of Reduction of Tempurature with 
Increase of Depth at Three Statione in different Latitndes, all of 
them on the Eastern Margin of the Atlantic Basin. 

APPENDIX D.-Temperature oE the Sea at different Depths in tho 
Warm and Cold Areas lying between the North of Scotlunrl, 
the Shetland Islands, and the F&roe Islands j as ascertained by 
Serial and by Bottom Soundings. 

APPENDIX E.-Intermediate Bottom Temperatures showing tho Inter- 
mixture of Warm and Cold Currents on tho Borders of the 
Warm and Cold Areas. 

IF the surface of this world of ours were one 
uniform shell of dry land, other circumstances of 
its central heat, its relation in position to the sun, 
and to its investing atmospheric envelope, remaining 
the same, some zones would present certain pecu- 
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liarities in tempcrature, owing to tlie mixture of 
hot and cold currents of s i r ;  but in tlie main, iso- 
thermal lines, tliat is to  say, lines drawn through 
places having the same mean temperature, would 
coincide with parallels of latitude. A glance at  any 
isothermal chart, wlietlier for the whole year, for 
.summer, for winter, or for a single month, will sliow 
that this is far from being the case. Tlie lines of 
equal temperature deviate everywliere, and often 
most widely, from their normal parallelism with the 
parallels of latitude and with each other. A glance 
at  the same chart will also show, that while there 
is an attempt, as it were, on the part of tlio iso- 
thermal lines t o  maintain their normal direotion 
through the centre of great continents, the most 
mayked curves, indicating the widest extensions of 
uniform conditions of temperature, are where therc 
is it wide stretch of open sea extending tlirougli 
many degrees of lati tude, and consequently includ- 
ing very different climatal conditions. 

The lands bordering upon the ocean partake in 
this general diffusion of heat and amelioration of 
climate, and hence we have the difference between 
continental and insular climates-the former giving 
extremes of summer heat and winter cold, and the 
latter a much more uniform temperature, somewhat 
below the normal temperature within the tropics, 
and usually greatly above it beyond their limits. 

The islands of Ireland and Great Britain and thc 
west coast of tho Scandinavian peninsula are in- 
volved in the most cxtrcme system of abnormal 
curves which we have in any of the ocean basins; 
and to this peculiarity in the distribution of tmn- 
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perature in the North Atlantic we are indebted for 
the singular mildness of our winter climate. The 
chart P1. VII., the general result reduced from many 
hundreds of thousands of individual observations, 
gives the distribution of the lines of equal mean 
temperature for the surface of the North Atlantic 
for the month of July;  and it will be seen that 
the isotherms, instead of passing directly across the 
ocean, form a serie8 of loops widening and flatten- 
ing northwards, all participating in certain secondary. 
deflections which give them a scalloped appearance, 
but all of them primarily referred t o  some common 
cause of the distribution of heat, having its origin 
somewhere in the region of the Straits of Florida. 

These peculiarities in the distribution of tempera- 
ture on the surface of the sea may usually be very 
immediately traced t o  the movement of bddies of 
water to and from regions where the water is exposed 
to different climatal conditions;-to warm or cold 
ocean currents, which make themselves manifest like- 
wise by their transporting power, their effect in 
speeding or retarding vessels, or diverting them from 
their courses. Frequently, however, the current, 
although possibly involving the movement of a vast 
mass of water, and exerting a powerful influence 
upon climate, is so slow as to be imperceptible; its 
steady onward progress being continually masked 
by local or variable currents, or by the drift of the 
prevailing minds. 

The Gulf-stream, the vast ‘warm river’ of the 
Nozth Atlantic, which produces the most remark- 
able and valuable deviations of the isothermal lines 
which we m e t  with in any part of the world, is in 
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this way imperceptible by any direct effect upon 
nilirigation beyond the 46th parallel of north latitude, 
a peculiarity which has produced and still produces 
great misconceptions as to  its real character. 

The mode of determining the surface temperature 
of the ocean is sufficiently simple. A bucket is 
let down from the deck of the vessel, dashed about 
for a little in the water t o  equalize the temperature, 
and filled from a depth of a foot or so below the sur- 
face, The temperature of the water in the bucket is 
then taken by an ordinary thermometer, whose error 
is known. A common thermometer of the Kew 
Observatory pattern graduated t o  Fahrenheit degrees 
can be read with a little practice to a quarter of a 
degree, and a good-sized centigrade thermometer to 
a tenth. Observations of surface-temperatine are 
usually made every two hours, the temperature of 
the air being taken with each observation, and the 
latitude and longitude noted at noon, or more €re- 
quently by dead reckoning if required. 

Every observation of the surface-temperature of 
the sea taken accurately and accompanied by an 
equally exact note of the date, the geographical 
position, and the temperature of the air, is of value. 
The surface observations taken from H.M.S. ‘ Por- 
cupine’ during her dredging cruise, in the summer 
of 1869, are given in Appendix A. 

The snrface-temperature of the North Atlantic has 
been the subject of almost an infinite number of suc~i 
observations, more or less accurate. Dr. Peterhann, 
in a valuable paper on the northern extensiopdf 
the Gulf-stream, reduces the means of more t h p d a  
hundred thousand of these, and deduces the scheme 
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of curves which has been used with some slight 
modification in the construction of this chart. 

Until very recently little or nothing has been 
lcnown with any certainty about the temperature of 
the kea at depths below the surfwe. This is, however, 
a field of inquiry of very great importance in Physical 
Geography, as an accurate determination of the tem- 
perature at different depths is certainly the best, 
frequently the only available means of determining 
the depth, width, direction, and generally the path of 
the warm ocean currents, which are the chief agents 
in the diffusion of equatorial heat ; and more espe- 
cially of those deeper indraughts of frigid water 
which return to supply their place and to corn- 
plete the general cycle of oceanic circulation. The 
main chuse of this want of accuratc knowledge of 
deep-sea temperatures is undoubtedly the defective- 
ness of the instruments which have been hitherto 
employed. 

The thermometer which has been almost universally 
used for this purpose is the ordinary self-registering 
thermometer on Six's construction, enclosed in a 
strong coppcr case, with valves or apertures below 
and above to allow a free current of water to pass 
through the case and over the surface of the 
instrument. Six's registering thermometer (Fig. 53) 
consists of a glass tube beat in the form of a Ti, 
one limb terminating in a large cylindrical bull), 
entirely filled with a mixture o f  creosote and mater. 
The bend of the tube contains a column of mercury, 
and the other limb ends in a small bulb partially 
filled with creosote and water, but with a large 
space empty, or rather containing the vspour of the 
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liquid and slightly compressed air. A small &eel 
index, with a hair tied round it to act as a spring 
and maintain the index in any position which it 
may assume, lies free in the tube among the creo- 
sote at either end of the column of mercury. This 
thermometer gives its indications solely by the con- 
traction and expansion of the liquid in the large full 
bulb, and is consequently liable to some alight error 
from the effect of variations of temperature upon 
the liquids in other parts of the tube. When the 
liquid in the large bulb expands, the column of mer- 
cury is driven upwards towards the half-empty bulb, 
and thelimb of the tube in which it rises is graduated 
from below upwards for increasing heat. When the 
liquid contracts in the bulb, the column of mercury 
falls in this limb, but rises in the limb terminating in 
the full bulb,%hich is graduated from above down- 
wards. When the thermometer is gOihg t o  be used the 
steel indices are drawn down in each limb of the tube 
by a strong magnet, till they rest on each side on 
the surface of the mercury. When t,he thermometer 
is brought up, the height a t  which the lower end of 
the index stands in each tube indicates the limit to 
which the index has been driven by the mercury, 
the extreme of heat or cold t o  which the instrument 
has been exposed. 

Unfortunately, the accuracy of the ordinary Six’s 
thermometer cannot be depended upon beyond a 
very limited depth, for the glass of the bulb which 
Contains the expanding fluid yields to the pressure 
of the water, and, compressing the contained fluid, 
gives an indication higher than is due to tem- 
perature alone. This cause of error is not con- 

U 



stsnt in its action, as the amouiit to  which the 
bulb is compressed depends upon its form and upon 
the thickness aud quality of the glass; thus the 
error of good thermometers of the Hydrographic 
Office pattern varies from 7" C. t o  1 O O . 5  C. at a pres- 
sure of 6-81? Ibs. on the square inch, representing 
a depth of 2,500 fathoms. In  thoroughly well- 
constructed therrnomcters, however, such as those 
made by Casella and Pastorelli for the English 
Admiralty, the pressure error is tolerably constant ; 
and Captain Davis, R.N., who has lately conducted 
important experiments on this point, expresses his 
opinion that by an extended series of observatioris 
a scale might be obtained to correct the tlwr- 
rnometers hitherto in nse to a close approximation 
to  the truth, and tbus utilize t o  some extent obser- 
vations which have been already made with our 
ordinary instruments. 

In the 'Lightning' expedition in 1865 we used 
the ordinary -Hydrographic Ofice pattern, and a 
large number by different makers were sent with 
us for testing and comparison. The depths not 
being very great, the general temperature results 
came out well, and were among the most singular 
phenomena which we had to  record. Many of the in- 
struments were very wild at a few hundred fathoms, 
and several gave way under the pressure. On OUP 
return in April 1869, Dr. VC'. A. Miller, V.P.R.S., 
attended a meeting of tlie Deep-sea Cornmittce of 
the ltoyal Society at the Hydrographic Office, 
and proposed encasing the full bulb in an outer 
covering of glass containing air, in order to permit 
the air to be compressed by the pressure of tlie 



Mater on the outer shell, and thus protecting the 
Bulb within. 

Mr. Casella was directed to construct some tlier- 
morneters on this plan, only instead of 
being filled with air, tlie outer sliell 
was nearly filled with alcohol warmed 
to  expel a portion of t$he rciiiaining 
air, and the chamber mas then her- 
metically sealed, leaving a bell of air 
and vapour o i  alcohol to yield to  thc 
p~wssure and relieve tlie bulb within. 
The ' Miller - Casella ' therinoiiieter 
proved so nearly perfection that it was 
decided to adopt it in future, and to  
use it as a standard in a series of 
experiments tvhicli were undertaken 
to  test the ordinary Six's thernio- 
meters of the Hydrographic Oflice 
pattern. We depended upon this 
thermometer alone in our subsequciit 
Cruises in the cPorcupinc,y and we 
f o ~ n d  it  iiiost satisfactory. During thc 
Summer of lSG9 temperature observa- 
tions were talceii a t  upwards of ninety 
stations, a t  depths varginq from 10 t o  



292 W E  DEPTHS OF TI-IZ SEA. [CHAP. V I I .  

and I have always regarded it as il remarlcablc 
evidence of my friend’s care and skill that he 
landed those two precious instruments at  the end 
of the year safe back at Woolwich. 

Fig. 53 represents the latest im- 
provements on the Miller-Casella 
modification of Six’s self-registering 
thermometer. The instrument is of 
small size, to reduce as far as pos- 
sible the friction. in passing through 
the water. The tube is mounted in 
ebonite, to avoid the expansion of a 
wooden mounting in the watei-, by 
which the instrument is liable t o  
get jammed in the case. The scale 
is of white porcelain, graduated to 
Fahrenheit degrees ; the large bulb 
is enclosed in an outer shell three- 
four th  filled with alcohol and her- 
metically sealed. It is right to 
mention that I &m informed by 
Sir Edward Sabine that the ther- 

tl ie hlillrl- inoineters used by Sir John Ross 
FntlsoPtliera4oRI(OvPanA in his Arctic Toyawe in 1818 %rere I - I ? ~ I J W  atr pc*l’liniitrrl to b 
d l n w  n riirrmt n1 wnler 
to llnss l lOcly throllgll protected somewhat on the same 

principlc, and that a thermometer 
for resisting pressure was constructed under the 
directions of the late Admiral Fitzroy, a t  the 
suggestion of Mr. Glaisher, which differcd from 
the Miller-Casella, pattern in little else than the 
outer shell being partially filled with mercury 
illstead of alcoliol, and in being somewhat less 
compact and inore fragile than the latter instru- 
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;’ merit.' A modification of Phillip’s maximum ther- 

mometer devised by Sir William Thomson, in which 
the thermometer is entirely encased in an outer 
shell of glass partly filled with alcohol, appears to 
have the smallest error of all. 

A neat modification of Breguet’s metallic ther- 
mometer was designed by Joseph Saxton, Esq., of 
the U.S. Office of Weights and Measures, for the 
use of the U.S. Coast Survey. A riband of 
platinum and one of silver are soldered with silver 
solder to an intermediate plate of gold, and the 
compound riband is coiled round a central axis of 
brass, with the silver within. Silver is the most 
expansible of the metals under the influence of 
heat, and platinum nearly the least. Gold holds an 
intermediate place, and its intervention between the 
platinum and silver moderates the strain, and pre- 
vents the coil from cracking. The lower end of 
the coil is fixed to the brazen axis, while the upper 

1 In Messrs. Negretti and Zanibra’s list of meteorological instruments 
published in 1864, a deep-sea thermometer on this plan is mentioned 
(p. 90) : $6 The thermometera constructed for thk  purpose do not differ 
materially from those usually made under the denomination of Six’s 
thermometers, except in the following most important particulars :- 
The usual Six’s thermometers havo a central reservoir or .cylinder 
containing alcohol ; this reservoir, which is the only portion of the 
instrument likely to be affected by pressure, has been, in Negretti and 
Zambra’s new instrument, superseded by a strong onter cylinder of 
Glmg containing mercury and rarefied air. By this means the portion 
of the instrument susceptible of compression has been so strengthened, 
that no mount  of pressure can possibly make the instrument vary.” 
Sonie obscurity is introduced into this passage by the use of the word 
‘superseded;' but I am assured by Measra. Negretti and Zambra that 
in principle this instrument waa exactly the same aa that devised by 
Professor Miller and constructed by Mr. Casella. 
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end is attached -to the base of a short cylinder, 
Any variation of temperature causes the coil to 
wind or unwind, and its motion acts to rotate the 
axial stem. This motion is magnified by multiply- 
ing wheels, and is registered upon the dial of the 
instrument by an index which pushes before it a 
registering hand, moving with sufficient friction 
merely to retain its place when thrust forward by 
the index hand of the thermometer. The instru- 
ment is graduated by trial. Tbe brass and silver 
portions are thickly gilt by the electrotype process 
to  prevent the action of sea-water upon them. The 
box which covers the coil and indicatory part of the 
thermometer is merely to protect it from accidental 
injury, and is open so as to permit the free passage 
of the sea-water. This instrument appears to answer 
tolerably well for moderate depths, its error up t o  
600 fathoms not greatly exceeding O O . 5  C. ; at 1,500 
fathoms, however,, the error rises t o  6" C., quite as 
great as that of the unprotected Six's thermometers, 
and the error is 'not so constant. It is evident 
that under great pressure little confidence can be 
placed upon instruments which give their indica- 
tions through metal machinery. 

Before H.M.S. ' Porcupine ' started on her summer 
cruise in 1869, a, valuable series of experiments were 
made upon the effect of pressure on various register- 
ing thermometers at Woolwich, under the superin- 
tendence of the Hydrographer and of the Deep-sea 
Committee of the Royal Society. The object was to 
subject a11 the forms of deep-sea thermometers in use 
to  pressures in a hydi-aulic prcss, equivalent t u  the 
pressures which thcy would encounter at different 
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depths in the ocean, to determine the amount and 
sources of error, to ascertain which was the most 
satisfactory instrument , and i f  possible to construct 
a scale by which the observations hitherto taken 
with ordinary instruments might be roughly cor- 
rected, so as to be made available. As there was 
Some difficulty in getting the use of a suitable press, 
Mr. Casella undertook to have a testing apparatus 
constructed at his 0117n place in Hatton Garden, 
capable of producing a pressure of. three tons on 
the square inch. 

The first expe- 
riment went to test the value of the various instru- 
ments. A Miller-Casella thermometer was placed in 
the cylinder with No. 6'7, a good thermometer by 
Gasella, of the ordinary Hydrograpliic Office pattern, 
and they were subjected together to a pressure of 
4,032 lbs., equal to 1,480 fathoms, with the following 
result :- 

The results were very interesting.' 

Before. 

2 

57 

After. 

-- .-___ .... 

hlnximum. 
DlfTereiics of 
Maxinlullr. 

0". 25 c. 
4 . 1 5  

That is to say, the temperature remaining the same, 
the pressure forced up No. 67 to  12O.75 C., and left its - 

index there. 
On Deep Sea Thermometers, by Captain J. E. Davis, R.N. ~ ' a ~ ~ ~ C ,  

Abridged from ri Paper read before tho Meteorolo- VOl. iii. p. 124. 
gical Society, Apiail 19th, 1871. 
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This experiment at  once proved the advantage of 
the encased .bulb. It was repeated with other ther- 
mometers with the same pressure and for the same 
period of time, and it was found that while the mean 
difference of the encased bulbs was only OO.95, that of 
the ordinary deep-sea thermometers was, as in No. 57, 
7"-25. It follows, also, from these experiments, that 
very nearly all the difference or error is due to pres- 
sure on the full bulb, and that by encasing that bulb 
we have a nearly perfect instrument. 

The next series of experiments was made to esta- 
blish a scale by which observations by the ordinary 
instruments might be approximately corrected for 
pressure. The following table gives the errors of 
six tliermometers at  different pressures. The 
standard ' is an encased Miller-Casella, the last 

a registering minimum thermometer by Casella 
enclosed in a hermetically sealed glass tube on Sir 
William Thomson's plan. 

lo* 0 c. 
1 . 5  
2 . 2  
2 . 9  
3 . 5  
4 . 3  

.- 

Preusurc 
Ill 

Fnthurus. 

0". 7 c. 
1 . 4  
2 . 3  
9 . 7  
3 . 5  
4 . 0  

250 
500 
750 

1,000 
1,550 
1,500 
1,750 

2,250 
2,500 

2,000 5 . 5  
6 . 0  
6 . 7  

Stnndnrd. 

5.3 
6 . 0  
6 . 5  

0- .4 c. 
0.4 
0 . 7  
0 . 8  
0 . 0  
0 . 8  
0 ' 95 
1.1 
1 .1  
1 . 2  

x u .  54. 

--.- 

0"- 8 C. 
1 . 7  
2 . 2  
2 . 9  
3 . 5  
4 . 3  
4 . 6  
5 . 4  
6 . 2  
7 2  

I 
x u .  73. 

0". 8 C. 
1 . 7  
2 . 5  
2 . 7  
4 . 1  
1.3 
5 . 7  
6 . 4  
6 . 8  
7 . 6  

T~IOIIIROII. 

____ 

0". 0 c. 
0 * 05' 
0 . 0  
0 -, 2 
0 * 05 
0 . 3  
0 . 2  
0 . 3  
0 . 4  
0 . 2  

The mean difference for each 250 fathoms in each 
therrnometcr is as follows :- 
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Tlicniionioter. D I tl'err nce. i 
Standard. . . . . .  
54 . . . . . . . .  
56 . . . . . . . .  
76 . . . . . . . .  
7 3 .  . . . . . . .  
'l'homson. . . . . .  

+ 0'. 13 c. + 0 . 7 2  
+ 0 . 6 7  + 0 . 6 5  
+ 0.76 
+ 0.03 

I I .- 

During these experiments the water in tlie cylin- 
der was of course maintained as far as possible at 
the same-or at a known temperature; a certain 
amount of calorific effect must, however, be pro- 
duced by the sudden compression of the water, und 
the next series of experiments was performed in 
order to  determine the amount of that effect. Three 
of Phillips's encased maximum thermometers (Sir 
William Thomson's design), being entirely protected 
from any effect from compression, were employed for 
this purpose, with the following result :- 

Pressure, 6,817 lbs. = 2,500 fathoms. 

I I Thonnoinoter. Di A'oronoo. I 
11,434 . . . . . . .  
9,649 . . . . . . .  
9,645 . . . . . . .  

-- I + V.05 C. + 0 . 2 3  + 0 . 1 1  

S O  that this source of error is absolutely trifling. 

8s  deduced from these observations, is- 
The true error of the Miller-Caselln thermometer, 

For 250 futhoms OO.079 C. 
For 3,500 fathoms OO.79 C .  
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This, therefore, may be regarded as a perfect instru- 
ment for all ordinary purposes. 

A number of the instruments which had been 
previously tested in the press’ were sent out in the 
‘Porcupine’ on her summer cruise in 1869, and on 
her return the results of Captain Calver’s observa- 
tions at different depths in the ocean were carefully 
compared with the effects of equivalent pressures ap- 
plied to the thermometers in Mr. Casella’s ‘ Bramah’s 
press.’ The result in the ocean, contrary to that in 
the hydraulic press, proves that the elasticity is not 
regular or in a ratio to the pressure, but that after 
continuing regular up to a pressure of 1,000 fathoms, 
it decreases in a compound ratio to a pressure of 
2,000 fathoms, when its elasticity nearly ceases. 

The following table gives an abstract of the 
behaviour of Casella’s ordinary Hydrographic Office 
thermometers in the ocean and in the press:- 

Pressure. 

Fnthoms. 
250 
500 
750 

1,250 
1,500 
1,750 

2,250 
2,500 

1,000 

2,000 

ERnoR. 

Preas. 

0“. 726 C. 
1 * 548 
2 * 123 
2 * 474 
3 255 
4 * 107 
4 * 555 
5 354 
6 * 0.21 
6. 817 

Ocenn. 

0’. 738 C. 
1 564 
3 - 223 
3 * 015 
3 * 402 
3 * 921 
4 * 056 
4 281 
- 
- 

PEN 260 FATHOMS. 
~ 

Pleas. 

0”. 726 C. 
0 * 7’74 
0 708 
0 674 
0 * G51 
0 GS4 
0 * 650 
0 * 6G9 
0 ;  GG9 
0 * 682 

Ocenn. 

0”. 738 c. 
0 * 782 
0 * 741 
0 * 754 

0 653 
0 . 5 7 9  I 
0 536 

0 - G98. 1 
- 
- 

For taking bottom temperatures at great dept.hs 
two or more of the Miller-Casella thermometers are 
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lashed to the sounding-line at  a little distance from 
one another, a few feet above the attaching ring of 
a cdeiaching’ sounding instrument. The lead is 
run down rapidly, and, after the weight has been 
disengaged by contact with the ground, an interval 
of five or ten minutes is allowed to elapse before 
liiluling in. The shorter of these periods seems to  
be quite sufficient to insure the instrument acquiring 
the true temperature. In taking serial temperature 
soundings-that is to say, in determining the tem- 
perature a t  certain intervals of depth in deep water 
-the thermometers are attached above an ordinary 
deep-sea lead, the required quantity of line for each 
observation of the series Tun out, and the ther- 
mometers and lead are hove in each time. This is 
a very tedious process; one serial sounding in the 
Bay of Biscay, where the depth was 850 fathoms 
and the temperature was taken at  every fifty 
fathoms, occupied a whole day. 

I ought t o  mention that in taking the bottom 
temperature with the Six’s thermometer the instru- 
ment simply indicates the lowest temperature to 
which it has been subjected; 60 that if the bottom 
water were warmer than any other stratum through 
which the thermometer had passed, the observation 
would be erroneous. This is only to  be tested by 
serial soundings, but in every locality where the 
temperature was observed during the ‘ Porcupine ’ 
expeditions the temperature gradually sank, some- 
times very steadily, sometimes irregularly, from the 
surface to the bottom, the bottom water having been- 
constantly the coldest.. It is probable that under 
certain conditions in the Polar seas, where the sur- 
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face is sometimes subjected to intense cold, warmer 
water may be found below, until the balance is 
restored by convection. This I believe, however, to 
be entirely exceptional; and it may certainly be 
taken as the rule for all latitudes that if we dis- 
regard the film which is affected by diurnal altera- 
tions, the temperature sinks from the surface to the 
bottom. 

The first important series of deep-water tempera- 
ture observations was made during the Arctic voyage 
under Sir John Ross in the year 1818. On Sept. the 
lst,  lat. 73" 37' N., long. 77" 25' W., the temperature 
at  the surface being 1O.3 C., the registering thermo- 
meter gave at  eighty fathoms 0" C., and at 250 
fathoms - 1 O . 4  C. On the Gth of September, lat. 
72" 23' N., long. 73" 0'7' W., the first serial sounding 
on record was taken, the thermometer having been let 
down to 5.00, GOO, 700, 800, and 1,000 fathoms in 
succession, the thermometer showing each time a 
lower temperature and indicating at  the greatest 
depth named a temperature of -3O.G C. On the 
19th of September, in lat. 66" 50' N., long. GO0 30' 
W., another serial sounding was taken, the tempera- 
ture being registered at 100 ,fathoms -0O.9 C., at  
200 - 1 O . 7  C., at 400 - 2 O . 2  C., and at  660 fathoms 
-3O.6 C. On the 4th of October, lat. G l "  41' N., 
long. 62" 16' W., Sir John Ross sounded, but found 
no ground in 950 fathoms; at the same time the 
self-registering thermometer was sent down, and the 
temperature of the sea at  that depth was found to 
be 2" C., while at the surface it was 4" C., and the air 
at  2"-7 C. I am informed by General Sir Edward 
Sabine, who accompanied Sir John Ross's expedition, 
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that these observations were made with registering 
thermometers guarded somewhat in the same way 
as those which we employed in the 'Porcupine.' 
There is almost sufficient internal evidence that the 
mode of protecting these thermometers must have 
been satisfactory, €or the temperatures at the greatest 
depths are such as might have been expected from 
Miller-CaseIla thermometers. Unguarded instru- 
ments would certainly have given higher indica- 
tions. 

The last of the observations quoted, a considerable 
way up Davis' Strait, is of great interest. The tem- 
perature of the surface of the sea was nearly a 
degree and a half Centigrade above that of the air, 
and the temperature of the water was altogether 
unusually high. It is now well known that at  
certain seasons of the year a very marked extension 
of the Gulf-stream passes into the mouth of the 
Strait. The isotherms for September and July are 
shown on the chart from data kindly procured for 
me by Mr. Keith Johnston. 

Sir Edward Sabine, in an extract from his pri- 
vate Jonrnal of Sir John Koss's voyage quoted by 
Dr. Carpenter,' gives a lower temperature than any 
hitherto recorded. He says : '( Having sounded on 
September 19th, 1818, in 760 fathoms, the regis- 
tering thermometer was sent down to 680 fathoms, 
and on coming up' the index of greatest cold was 
at 25O.75 Fahrenheit (- 3O.5 C.),' never having known 
it lower than 28" ( - 2 O . 2  C.) in former instances, even 
at a depth of 1,000 fathoms; and at other times 

ceedings of tho Royal Socioty of London, vol. xvii. p. 186. 
' Dr. Carpentor'a Preliminary Report on Deep-sea Dredgings. Pro- 
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when close to the bottom, I was very careful in 
examining the thermometer, but could discover no 
other reason for it than the actual coldness of the 
water.'' 

Notwithstanding these observations and several 
others telling in the same direction,-such as those 
of Lieutenant Lee of the U.S. Coast Survey, who 
in August 1847 found a temperature of 2O.7 C. below 
the Gulf-stream, at  the depth of 1,000 fathoms, 
in lat. 35" 26' N., and long.. 73" 12' W.; and of 
Lieutenant Dayman, who found the temperature 
a t  1,000 fathoms, in lat. 81" N. and long. 40" IV. 
to be V.41 C., the surface temperature being 1 2 O . 5  C., 
the impression seems to have prevailed among 
physicists and pbysical geographers that salt water 
followed the same law as fresh mater, attaining its 
greatest density a t  a temperature of 4°C.  The 
necessary result of this condition, were it to exist, 
is thus stated by Sir John Herschel: "In very 
deep water all over the globe a uniform temperature 
of 39" Fahrenheit (4°C.) is found to prevail; while 
above the level where that temperature is first 
reached, the ocean may be considered as divided 
into three great regions or zones--an equatorial and 
two polar. In  the former of these warmer, and in 
the latter colder water is found on the surface. The 
lines of demarkation are of course the two isotherms 
of 39" mean aanlral temperature." Dr. Wallich 
gives an excellent r6szcmcS of this curious fallacy. 
He  says : '( But whilst the temperature of the atmo- 
sphere beyond the line of perpetual congelation goes 
on gradually increasing, that of the water below the 
isothermal line remains constant to the bottom. 
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Were it not for the operation of the lav  on which 
the latter phenomenon depends, the entire ocean 
would long since have become solidified, and both 
sea and land rendered unfit for the habitation of 
living organisms. Unlike other bodies which ex- 
pand and become lighter with every rise jn temyera- 
ture, water attains its maximum density, not under 
the lowest degree of cold, but a t  39O.5 Fahrenheit; 
and consequently so soon as the mperficial layer 
of sea is cooled down to this degree, it descends, 
and allows a fresh portion to ascend and be in 
turn cooled. This process is continued until the 
whole upper stratum is reduced in temperature to 
3V.6, when, instead of contracting further, it begins 
to expand and get lighter than the water beneath, 
floats on it, becomes further cooled down, and at 
2S"% is converted into ice. . . . Thus under the 
operation of an apparently exceptional law, the 
equilibrium of the oceanic circulation is maintained ; 
for .whilst at the equator the mean temperature of 
the surface layer of water, which is 82", gradually 
decreases, until a t  a depth of 1,200 fathoms it be- 
Comes stationary at  39'5, and retains that tempera- 
ture to the bottom, within the Polar regions and 
extending to lat. SG" 25' in either hemisphere, the 
temperature increases from the surface downwards 
to  the isothermal line, beyond which 2 remains 
uniform as in the former case. Hence in lat. 56" 25' 
the temperature is uniforni the whole way from the 
surface to the bottom; and as has been found by 
observation about lat. 70"; t h e  isothermal line occurs 
at '760 fathoms below t-he surface." 

Dr. Wallich : Xoi-th Atlantic Sea-bed, p. 91). 
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Tliere can be no doubt that this view, which of 
late years has received almost universal acceptance, 
is entirely erroneous. It has been shown by M. 
DespretzY1 as the result of a series of carefully con- 
ducted experiments which have since been frequently 
repeated and verified, that sea-mater, as a saline 
solution, contracts and increases steadily in density 
down t o  its freezing-point, which is, when kept 
perfectly still, about - S.67 C. ( 2 5 O . 4  E’.), and when 
agitated -2O.65 C. \ 

The temperature observations of S i r  James Clarke 
Ross during his Antarctic voyage in 1840-41, 
seemed to give support to the theory of a constant 
temperature of 4 5  C. for deep water, but these obser- 
vations have as evidently been made with unguarded 
instruments, as those of Sir John Ross in 1818 with 
instruments defended from pressure ; and although 
I believe they must be taken as proving that in 
high sonthern latitudes the surface temperatni*e is 
sometimes lower than the temperature of the water 
at a considepable depth beneath, still the amount of 
correction for pyessure is uncertain, depending upon 
the construction of the thermometers used, and in 
any case it must reduce the difference considerably. 

A large number of thermometers of the ordinary 
Hydrographic Office pattern mere sent out with us, 
as I have already mentioned, in the ‘Lightning,’ 
and these were of course the instruments used by 
Staff-Commander May for his temperature obser- 
vations. There was an opportunity of testing these 
thermometers, however, on the return of tho vessel, 

Rschcrchos sur IC hinximnm do DensitO des Disaolutions aquenscs. 
IAC. cit, 
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SO that we are tolerably certain by actual experi- 
ment of the amount of their error. In speaking 
of the ' Lightning ' temperatures, I mean, therefore, 
the actual temperatures taken by the ordinary ther- 
mometers, corrected approximately t o  the standard 
of the Miller- Casella thermometers, afterwards used 
in the 6 Porcupine.' 

Leaving Stornoway in the 'Lightning,' on the 
11th of August, 1868, and clirecting our course 
towards the F&oe banks, we sounded in 600 fatlioms 
about GO miles to the north-west of the Butt 
of the Lews, and took a hottom temperature of 
y.4 Cent. wit11 the ordinary Six's thermometer-- 
the only forin of the instrument in use at  the time. 
This, when corrected for pressure, gives about 7".S C. 
We were surprised to find the temperature SO high, 
and we were at  the time inclined to think that the 
observation, which1 was taken in a breeze of wind, 
Was scarcely to  be depended upon. Subsequent 
observations, liowever, in  the same locality, con- 
firmed its accuracy. On the F&oe Banks, at  a 
depth under 100 fathoms, the bottom teniperatuiqe 
averaged 9"C., while that of the surface was about 
12" C. ; temperature indications on this bank mere, 
]lowever, of little value, as the water is no doubt 
affected to some extent through its entire depth by 
direct solar radiation. Tho next observation was 
in lat. GO" 45' N. and long. 4" 42)' W., at  a depth 
of 510 fathoms, with a bottom teiqierature of 
-0O.5 C., about 140 miles nearly directly north 
of Cape Wrath. Then followed a series of sound- 
ings, Nos. 7, 8, 10, and 11 of the chart (Plate I.), 
talcen wliile traversing tile nort1ierii portion of the 

x 
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channel between Scotland and the FCbroe plateau; 
and giving, respectively, tbe temperatures of - l"1, 
- 1 O . 2 ,  -0O.7, and - O O . 5  C. No. 9, with a depth of 
170 fathoms and a temperature of 5" C., is excep- 
tional; it is apparently the top of a circumscribed 
ridge or bank. We dredged at this station and got 
large numbers of the rare and beautiful Terebratzda 
crmium ; but when we tried for the same spot in the 
following year in the Porcupine,' we could not find 
it. On the 6th of September we sounded and took 
temperatures in lat. 59" 36' N., long. 7" 20' W., in 
630 fathorns, when the mean of three thermometers, 
which only differed from one another by about -3 
of a, degree, gave a bottom temperature of 6'4 C. 
A temperature sounding, at the moderate depth of 
189 fathoms, was taken on the morning of tho 7th 
September in lat. 59" 5' N., long. 7" 29' W., and 
gave a bottom temperature of 9O.6 C. The three 
soundings, Nos. 13, 14, and 17, at the depths 660, 
570, and 620 fathoms, extending into the North 
Atlantic as far westward as long. 12" 36' W., gave 
a bottom temperature of 6"+4 60.4, and 6"-6 C., 
respectively. 

The general result of these observations we could 
not but regard as very remarkable. The region 
which we had somewhat imperfectly examined in- 
cluded, in the first place, the channel about a couple 
of hundred miles in width, with an extreme depth 
of rather under 600 fathoms, extending between the 
northern boundary-line of the British plateau and 
the shoal which culminates in the FCbroe Islands 
and their extensive banks; and secondly, a small 
portion of the 'Pl'orth Atlantic cxteiidiiig wcstwarcls 
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and northwards of the western entrance of the channel. 
We found that in these two areas, freely communi- 
cating with one another and in immediate proximity, 
two totally different conditions of climate existed at 
all depths below the immediate surface, where they 
differed but slightly. In the F&roe channel, at a 
depth of 500 fathoms, the bottom temperature aver- 
aged - 1 O . O  C., while at  a like depth in the Atlantic 
the minimum index stood at  +So C., a difference of 
'7 degrees Centigrade, nearly 13 degrees Fahrenheit. 

The conclusion at which we speedily arrived as 
the only feasible explanation of these phenomena 
was that an arctic stream of frigid water crept from 
the north-eastward into the F&roe channel lying in 
the deeper part of the trough, owing t o  its higher 
specific gravity ; while a body of watsr warmed even 
above the normal temperature of the latitude, and 
therefore coming from some southern souce, was 
passing northwards across its western entrance and 
occupying the whole depth of that comparatively 
shallow portion of the Atlantic from the surface to 
the bottom. 

Several important facts of very general applica- 
tion in Physical Geography had bcen placed beyond 
doubt by these observations. It had been shown 
that in nature, as in the experiments of M. Despretz, 
sea-water does not share in the poculiarities of fresh 
water, which, as has been long known, attaina its 
maximum density at  4' C.; but, like most other 
liquids, increases in density to its freezing-point : and 
it had also been shown that, owing to the movement 
of great bodies of water .at different temperatures 
in different directions, we may bave in close proxi- 

x 2  



mity two ocean areas with totally different bottom 
climates-a fact which, taken along with the dis- 
covery of abundant animal life at all depths, -has 
most important bearings upon the distribution of 
marine life, and upon the interpretation of paleonto- 
logical data. 

The conditions during the ' Lightning ' cruise were 
BO unfavourable to careful observation, that we deter- 
mined to take the earliest opportunity of going over 
this region again, and determining the limits of these 
warm and cold areas, and investigating their con- 
ditions more in detail. Accordingly, in the follow- 
ing gear, when we had I3.M.S. 'Porcupine' at our 
disposal, Dr. Carpenter and I once more left Storno- 
way on the 15th of August, 1169. On this occasion 
we had everything in our favour; the weather was 
beautiful, the vessel suitable, and we were provided 
with Miller-Casella therrnometers on whose accuracy 
we could depend. A table of Captain Calver's valu- 
able thermometrical observations during this cruise 
is given in Appendix A to this chapter. 

We proceeded to very nearly the same spot where 
we liad taken our first sounding on the former year, 
and took a warm area temperature of 7 O . 7  C. Station 
KO. 40 (Plate IV.). MTc then moved on slowly 
towards the F@roe fishing banks, finding in succes- 
sion at  Stations 47,49, and 50, - 6 O . 5 ,  7 O . 6 ,  and 7 O . 9  C. 
At Station 61, about 4.0 miles south of the bank, 
tliere was a decided fall of' temperature-the ther- 
moineter indicating 5 O . 6  C. at a depth of 440 ihthoms ; 
and about 20 miles directly northwards a sounding 
a t  Station 52, lat. GO" 25' K., long. 8" 10' W., at a 
depth of oiily 380 fatlionis, gave a minimuin tcm- 
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perature of - 0 O . 8  C., 6hOq7hg that we had passed 
the boundary, and were in the 'cold area.' 

At this point we requested Captain Calver to take 
a serial sounding, ascertaining the temperature at 
depths progressively increasing by 50 fathoms, which 
was done with the following result :-- 

Surface. . . . . . . . . . .  11". 8C. 
50 futhoms . . . . . . . . . .  9 . 2 

. . . . . . . . .  8.4 100 2 )  

150 )) . . . . . . . . .  8 . 0  
200 ) )  . . . . . . . . .  7 . 5  
250 )) . . . . . . . . .  3.5 

. . . . . . . . .  0.6 300 99 

0 . 8 384 (Bottom) . . . . . . . . .  

We thus ascertained that the minimum tempera- 
ture was at the bottom; and this we have found to be 
universally the case over the whole of the area which 
we have examined, whatever the bottom temperature 
might be. And we also ascertained that the decrease 
in heat from the surface downwards was by no means 
uniform, but  that while after passing the surface 
layer it was tolerably regular for tlie first 200 
f~thoms,  there was an extraordinary fall amounting 
to upwards of '7°C. from 200 to 300 fathoms, at 
wllick latter depth the minimum is nearly gained. 

The next few observations, Stations 53 to 59, were 
all within the limits of the cold area, the bottom tem- 
perature at depths ranging from 360 to 630 fathoms, 
uowhere reaching. the freezing-point of fresh water ; 
and at one point, Station 59, lat. 60" 21' N., long. 
34.1' W., at a depth of 580 fathoms, the index stand- 
ing 60 low as - 1 O . 3  C. On Saturday the 21st we took 
a sounding in 187 fathoms, on the edge of the F&oe 
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plateau, and about twenty miles north of the pre- 
vious station, with a temperature of 6"*9C., and so 
found that we had passed the limits of the cold 
basin. 

Our fist two soundings after leaving Thorshavn 
(Stations 61 and 62) were in shallow water on the 
Fsroe Bank, 114 and 126 fathorns, with a tempera- 
ture of 7 O . 2  and 7"*0 C. respectively; but the next 
Station, No. 63, after a run of eighty miles, gave 
31'7 fathoms and 0".9 C., shewing that we wece 
once more in the cold region. From that point, 
passing in a south-easterly direction across the 
channel towards the northern point of Shetland, we 
traversed the cold area in its most characteristic 
form, finding at Station 64, lat. 61" 21' N., long. 
3" 44' W., a depth of 640 fathoms, with a bottom 
temperature of -1O.2 C. Here we took another 
serial sounding, and its results corresponded generally 
with those of No. 62. The surface temperature was 
lower, and the temperature down to 200 fathoms some- 
what lower ; at 350 fathoms it was a little higher :- 

Surface . . . . . . . . . . .  
50 fathoms . . . . . . . . .  7 . 5 
100 I 9  . . . . . . . . .  7 . 2  
150 . . . . . . . . .  6 . 3  

'200 ,, . . . . . . . . .  4 - 1  
250 ,l . . . . . . . . .  1 . 3  
300 ,) . . . . . . . . .  0 . 2  
350 ,l . . . . . . . . .  0 . 3  
400 ,, . . . . . . . . .  0 . 8  
450 9 9  . . . . . . . . .  0 . 8  
BOO ,, . . . . . . . . .  - 1 . 0 ,  
550 39 . . . . . . . . .  - 1 . 0  
W O  9 ,  . . . . . . . . . .  - 1  - 1  
640 . . . . . . . . .  - 1 . 2  

9" . 8 C. 
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At this point, therefore, the ice-cold water of the 
Arctic current filling up the bottom of the trough 
is nearly 2,000 feet deep, while the temperate water 
above has nearly an equal depth. The lower half of 
the latter, however, has its temperature considerably 
reduced by intermixture and diffusion. Fig. 66 
represents diagrammatically the general result of 
temperature observations in the cold area. The 
depth at the next Station, No. 66, was 364 €athorns, 
showing that the channel had begun to shoal towards 
Shetland ; the temperature was, however, still low, 
almost exactly 0" C. The next Station, No. 66, 
eighteen miles .further on towards the Shetland 
banks, gave a depth of 267 fathoms, with a bottom 
temperature of 7O.6 C., the temperature at the surface 
being 1 1 O . 3  C. We had therefore got beyond the 
edge of the trough filled by ihe cold stream, and 
passed into lesser depths occupied from the surface to 
the bottom by the warm southern stratum. 

The next series of soundings, Nos. 67 t o  76, are either 
in shallow water round Shetland, or in water on the 
shelving edge of the plateau, not deep enough t o  reach 
the frigid stream. It is of some interest that the 
two soundings, Nos. 68 and 69, in 76 and 67 fathoms 
respectively, to the east of Shetland, show a bottom 
temperature of 6 O . 6  C., while a serial sounding in the 
warm area at the western entrance of the F&roe 
Channel gives for the same depth a temperature of 
about W8 C. This circumstance, along with others 
to be mentioned hereafter, would seem to  ahow that 
a considerable indraught of cold vater spreads over 
the bottom of the shallow. north sea. 

At Stations 76 to 86, aliicli are along the southern 



E'1~.65.-Sorial sounding, Station 64. I'IG. 56.- Serial sonnding, Station 87 
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horder of the cold area, temperature soundings were 
taken mainly with a view to define its southern limit, 
and they are sometimes on one side and sometimes on 
the other. The general result is indicated on Plate 
Iv. by the southern border of the shaded space. Nos. 
87 to 90 are once more in the warm area, the water 
rcaching a depth of upwards of '700 fathoms, but 
maintaining, after the first 300 fathoms, a tempera- 
ture of from 0" t o  ?" C. above that of corresponding 
depth  in the cold mea. At Station 87, lat. 69'35: N., 
long. 9" 11' W., with a depth of 767 fathoms, a serial 
sounding was taken, which contrasts remarkably 
&li the series at Station 64. Tlie general result of 
this sounding is represented diagrammatically by 
pig. 56. The temperature was taken at  every 100 
fathoms after the first 200. 

Surfaco . . . . . . . . . . .  11". 4 C. 
50 fatlionis . . . . . . . . .  9 . 0 

. . . . . . . . .  8 . 5  100 9 )  

. . . . . . . . .  8 e . 3  150 9 )  

200 . ;) . . , . . * . * . 8.5 
300 )) . . . . . . . . .  8 . 1  
400' ,, . . . . . . . . .  7 . 8  
500 $ 9  . . . . . . . . .  7 . 3  
600 9 ,  . . . . . . . . . .  G e l  
767 ,, . . . . . . . . .  5:l . 

It will lie seen by reference to the chart that two 
llearly parallel series of soundings were taken,, ex- 
tending from the shallow water on the Scottish side 
t o  the ed; oe of the Ferae Bank close to the western 
opening of the Ferae Chaiincl, and that one . . . . . .  of these 
cll&s, including Stations 62, 53, 64, and 86> me in 
the cold area, while the other chain of Stationg,:68, 



47, 90, 49, 60, and 51, are in the warm area. There 
is no great difference in depth between the two series 
of soundings; and there is no indication of a ridge 
separating them. The only possible explanation of' 
these two so widely different submarine climates, 
existing apparently under the same circumstances 
and in close proximity to one another, is that the 
Arctic indraught which passes into the deeper part 
of the F&oe Channel is hanked in at  its entrance, 
by the warm southern stream slowly passing north- 
wards. There is a slight but very constant depres- 
sion of the isothermal lines of surface temperature 
in the shallow water along tho west coast of Britain. 
This, I believe, indicates that a portion of the cold 
F&roe stream makes its escape, and, still banked in 
close t o  the land by the warm water, gradually makes 
its way southwards, so mixed and diluted as only to  
be perceptible by its slight effect on the lines of mean 
temperature. Diagrams 65 and 56 illustrate the dis- 
tribution o i  temperature in the cold and war& areas 
respectively ; and in Fig. 67, the results of the serial 
soundings Nos. 62, 64, and 87, are reduced to curves. 
From theRe diagrams, taken together, it will be s e n  
that in the first 60 fathoms there is a rapid fall of 
nearly 3" C. Station No. 64 is a good deal farther 
north than the other two, and the surface temperai 
ture is lower, so that the fall, which is nearly to the 
aame amount, starts from a lower point. The surface 
temperature is doubtless due to  the direct heat of 
the sun, and the first rapid fall is due to  the rapid 
decrease of this direct effect. From 50 to 200 fathoms 
the temperature in all three cases falls b i t  little, re- 
maining considerably above the normal temperature 



FIG. 5:.-Ciirvea constn1ctcd froin serin1 solindings in the warin- 'and ' cold-areas' in the channel between Scotland and FEroe. 
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of the ocean for the- parallel 'of latitude. At a 
depth of 200 fathoms, however,- the divergence be- 
tween the curves of the warm'and cold areas is most 
remarkable. The curve of the warn1 area, No. 87, 
shows a fall of scarcely half a degree a t  500 fathoms, 
and less tlim one degree more a t  767 fathoms at 
the bottom. Between 200 and 300 fathoms the cold 
area curves run down from 8" C. to 0" C., leaving 
only one degree more of gradual descent for the 
next 300 fathoms. The ternpepatwe of the 'hump' 
on the curves of the cold area' between 50 and 
200 fathoms corresponds so nearly with that of the 
long gradual sinking of tho curve of the warm area 
from the surface nearly to the bottom, that it seems 
natural to trace it to the same source. We there- 
fore conclude that zt shallow layer of Gulf-stream 
water drifting slowly northwards overlies in the cold 
area an indraught of cold water represented by the 
sudden and great depression of tho curves, while in 
the warm area this cold indraught is absent, the 
Gulf-stream water reaching to the bottom. 

Tracing the 'warm area' southwards from the 
mouth of the F&roe Channel along the coast of Scot- 
land, we find that the area between F&roe, the Lews, 
and ltockull, is a kind of plateau with a depth of 
from 700 to 800 fathoms ; iuicl we may be certain from 
analogy, although this region has not yet been actu- 
ally examined, with a bottom temperature not lower 
than 4O.5 C. Commencing opposite Eockall, and e,x- 
tending between the great shoal which culminates 
in the Rockall fishing banks mid the singular isolated 
rock, and the west coast, of Ireland, there is a wide 
trough deepening iphually-southwards, and at length 
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continuous with the general basin of the North 
Atlantic. 

The tempwature of this ocean valley was investi- 
gated with great care during the first and second 
cruises of the ' Porcupine ' in 1869, and the results 
were so very uniform throughout the area that it 
will be needless t o  describe in detail the slight 
differences in different localities. These differences, 
in fact, only affected the surface layer of the water, 
and depended merely upon differences of latitude. 
The temperatures in deep water may be said t o  
have been practically the same everywhere. The 
first chain of soundings, taken by Captain Calver 
during the first cruise under the scientific direction 
of Mr, Gw-p JeEreys, was between Lough Swilly 
and Rockall. The greatest depth, 1,380 fathoms, is 
in tlie middle of the channel, and a sounding at 
that depth, lat. 66" 24' N., long. 11" 49' Wa, gave 
a bottom temperature of 2 O . S  C. A depth of (330 
fathoms, No. 23, a little to the south of ftockall, 
gave a temperature of 6".4 C., almost exactly the 
same as tlie temperature of it like depth in the warm 
area off the entrance of the F&oe Channel; and a 
temperature at 600 fathoms, one oE a series taken 
at Station 2 1  with a bottom temperature at 1,476 
fathoms of 2O.5 O., was 8O.5 C., rather less than a 
degree higher than the temperature at a correspond- 
ing depth at Station 87, A t  Station 21 the tempera- \ 
ture was taken at every 250 fathoms. 

Surfuco . . . . . . . . . . .  13". 5 C. 
250 firthoilis . . . . . . . . .  0 . 0 
500 3 ,  . . . . . . . . .  8.5 
i s 0  ,, . . . . . . . . . .  6 . 8  
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1,000 fathoms . . . . , , . . . 30 * 5 C. 
1,250 2 9  . . . . , . . . . 3 . 3  
1,476 9 )  * .  . . . . . . . 2 . 7  

We have here on a 'large scale, as Dr. Carpenter 
has pointed out, conditions very analogous to  those 
which exist in comparatively sballow water, and on a 
small scale in the cold area in the F&roe Channel. 
There is a surface layer of about 50 fathoms, -super- 
heated in August by direct solar radiation, and, as we 
see by the variations of surface isothermals, varying 
greatly with the seasons of the year. Next, we have a 
band extending here to  a depth of nearly 800 fathoms, 
in which the thermometer sinks slowly through a 
range of about 5°C. Then a zone of intermixture 
of about 200 fathoms, where the temperature falls 
rapidly, and finally a mass of cold water from a depth 
of. 1:,000 fathoms to the bottom, through which, what- 
ever be its depth, the thermometer falls almost im- 
perceptibly, the water never reaching the dead cold 
of the Arctic undercurrent in the F&oe Channel, 
and the lowest temperature being universally at the 
bottom (Fig. 58). 

The area investigated during the second cruise of 
the ' Porcupine ' at the mouth of the Bay of Biscay, 
about a couple of hundred miles west of Ushant, 
may be regarded as simply a continuation southwards 
of the tract between Scotland and Ireland and the 
Rocltall ridge. As, however, the depths were greater. 
than any attained on any former occasion-were so 
weat, indeed, as- probably to represent the average 
depth of the great ocean basins-it may be well to 
describe the methods of ob.servatign apd the condi- 
tions of temperature somewhat in detail. 



Fie. 5S.-Curves constnieted from serial and bottom sonndings in the channel hetween Scotlai~? and Rockall. 
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The sounding at Station No. 37, at a depth of 
2,435 fathoms, has already been fully described as an 
example of the most recent * method of determining 
extreme depths with accuracy. Two Miller-Casella 
thermometers, numbered 100 and 103 respectively, 
were lashed to the sounding-line in their copper 
cases, one a little above the other, ahout a fathom 
and a fatbom and a half above the 'Hydra' sounding- 
machine, These two instruments had been prepared 
and tested with extreme care, and had been employed 
throughout the first cruise ; their freezing-points had 
been again verified at Belfast in case the enormous 
pressure t o  which they had been subjected might 
have affected the glass, and we had absolute confidence 
in their indications. The indices were set before the 
instruments were let down at the temperature of the 
surface, 21O.1 C., and 2T.15 C. They were allowed to 
remain at the bottom for ten minutes, and on their 
return to the surface in upwards of two hours and a 
half, they were unanimous in recording a minimum 
of 1"-66 C., the slight differences between the two 
instruments, which gave the almost inappreciable 
error for one of them of OO.05 C. at  21°C., being 
imperceptible at the lower temperature. 

It had a strange interest t o  see these two little 
instruments, upon whose construction so much skilled 
labour and Consideration had been lavished, con- 
signed to  their long and hazardous journey; and their 
return eagerly watched for by a knot of thoughtful 
men, standing, note-book in hand, ready to register 
this first message, which should throw so much light 
upon the physical conditions of a hitherto unknown 
\v or1 (1 
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A series of temperature soundings, at depths in- 
creasing progressively by 250 fathoms, was taken t o  a 
depth of 2,090 fathoms, on t h e  24th of July, lat. 
47" 39' N., long. 11" 33' W. 

Surface , . 17". 08C. 
350 futtoiiis . 10 28 
500 ,, . 6 * H 
750 ,, . 5 .  17 

1,350 ,, . 3 * 17 
1,500 ,, . 9 * O  
1,750 ,, . 2 * 61 

1,000 ,, . 3 . 3  

2,090 ,, . 3.4 

1CSS tlJ:lll SUl'ftlCO , , 7'. 5 c. 
, l  2.50 fatlIolua . 1 ' 5 

), 1,000 ,, . 0 * 3 
,, 1,250 ,, '. 0 ' 3 

,, 500 ), . 3 * G 
,, 750 ,, . 1 7 

,, 1,500 ,, . 0 3 
,, 1,750 ,, . 0 * 2 

The same two Miller-Casella thermometers were 
employed as in tlie previous observation. 

Another serial sounding was taken a few days late, 
in water 862 fathoms deep, somewhat nearer the coast 
of Ireland. In this casc the temperature was taken 
at intervals of 10 fatIioms from the surface to a 
depth of 50 fathoms, and thence at intervals of 
50 fathoms to  the bottom. This was done to deter- 
mine exactly the rate of c~iulinution of temperature, 
and the exact position of the most marked irregu- 
larities. 

Surface . . 
10 fathoms. 
20 11 ' 

30 ,) . 
40 >l * 

50 $ 9  ' 

100 ), . 
200 ,, . 
250 ), . 
300 ,, . 

150 ,, . 

17". 22 C. 
16 * 72 
1s * 23 
13 * 33 
l a  * 44 
11 * 8 
10 * G 
10 *. 5 
10 3 
1 0 . 1 1  

9 * 8  

6 0". 5 c. 
. 1 . 5  
. 1 . 9  
. 0 . 9  
. 0.64 
. 1 . 2  
, 0 . 1  
. 0 . 2  
. 0 . 2  
, 0 . 3  



E PIQ. 60.--Dingrnin r~presenting tlic 
relotion het~wren clopth and tem- 
perature in tlre Atlantic basin. 
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350 fathoms 
400 ,, I 

450 ,, . 
500 ,, . 
550 ,, . 
GOO ,, . 
650 ,, . 
'io0 ,, . 
750 ,, . 

862 (Bottom) 
So0 ,, . 

0". 3 G. 
0 . 3  
0 - 5  
0 '* 15 
0 * 55 
0.5 
0.6 
0 . 4 '  
0 . 6  . 
0 . 3  
1 *'25 

The genera1 result of these two series of soundings 
is very important. The high temperature reduced by 
7O.6 C. in the first series at 260 fathoms is undoubtedly 
due to superheating by direct solar radiation. This 
is shown still more clearly in the second series, where 
nearly 4" C. are seen to be lost between the surface and 
30 fathoms, and somewhat above 2" C. more between 
30 and 100 fathoms, From 100 t o  600 fathoms the 
temperature is still high and tolerably uniform, and 
it €alls rapidly between 500 and 1,000 fathoms. A 
reference t o  the second series shows that this rapid 
fall is between 650 and 850 fathoms, in which inter- 
val there is c?. loss of more than 3°C. This sccond 
stage of elevated temperature from 260 t o  700 
fathoms, which is represented graphically by the 
singular hump' on the temperature curves in Fig. 
61 :and Plate VI. would seem to  lie caused by the 
north-easterly reflux under peciiliar. conditions, which 
will bk referred to in next chapter, .of the great 
equatorial current. From 1,000 'fathoms down- 
.bards;'the loss of temperature goes on uniformly at  
'the rate of about V.3 C. for every ,250 fathoms. 
The most singular feature ia. this 'decrease of tem- 

l - 2  



FIG. +jl . -Cur\-e~ constrncted from serid a ~ d  bottom tnnperntnrc  soundings in tlw At l an t i i .  l!:min 



l~erature for the last mile and three-quarters is its 
absolute uniformity, which appears to be incon- 
sistent with the idea of anything like a current in 
the ordinary sense, and rather to point to a sloiv 
and general ind~auglit of cold water, falling in 
chiefly by gravitation from the coldest and deepest 
sources available, to supply the place of the warm 
water constantly moving to the northward. 

In 1870, Mr. Gwyn Jeffreys took his first t'em- 
perature observations at the mouth of the Channel, 
and found them to correspond very closely with 
those of the previous year ; on the 9th of July the 
bottom temperature at  3% fathoms, Station G P1. V., 
mas 1W.O C., against 9 O . 8  C., at  about the same depth 
in a serial sounding in 1869, in tlie immediate 
neighbourhood. The next few soundings, Stations 
10 to 13, are in comparatively shallow water, off the 
coast of Portugal, while the next four Stations, a 
little north of Lisbon, may serve as an example of 
the temperatures to  a considerable depth in that 
latitude. Station 14, 469 fathoms, with a surface 
temperature of 1V.3 C., has a bottom temperature of 
1W.7  C.; Statim 18, at 722 fathoms, a temperature 
of 9"*7 C. ; Station 16, at  994 €athorns, 4% C. ; and 
Station 17, at  1,095 fathoms, 4O.3 C .  This result is 
very similar to  that which we met with in 1869 off 
Ushant. With certain differences, which seem to de- 
pend mainly upon the differences of latitude, we have 
the same phenomena-a thin surface-layer, superheated 
by the direct rays of the sun; a layer of warm water 
through which the temperature descends very slowly 
down to 800 fathoms; a ZODC of intermixture and 
rapid dcscciit of the thermometer of nearly 200 
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fathoms in thickness ; and finally the deep cold layer 
into which these soundings do not penetrate very far, 
through which the temperature sinks almost imper- 
ceptibly from 4p C. The difference between these 
soundings and those of the year before at the mouth 
of the Bay of Biscay is that the temperatures at all 
depths are somewhat higher. 

I refrain for the present from going into any detail 
with regard to the distribution of temperature in the 
Mediterranean, further than t o  givp a mere outline of 
the remarkable conditions which were observed there 
by Dr. Carpenter. 

Dr. Carpenter's observations were principally con- 
fined t o  the western basin of the Mediterranean, and 
during the months of August and September the 
surface temperature averaged between 23" C. and 
26°C. On two occasions only the surface tempera- 
ture fell considerably lower, and the fall was attri- 
buted in both cases to the influence of the colder 
surface current passing from the Atlantic through 
the Straits of Gibraltar. The following table of the 
series taken at Station 63 gives about the averagerate 
of fall of temperature for the first 100 fathoms :- 

. . . . . . . . . . .  25'. OC. 
. . . . . . . . .  2 4 . 5  
. . . . . . . . . . .  2 1 . 6  
. . . . . . . . .  1 6 . 4  
. . . . . . . . . .  1 5 . 5  
. . . . . . . . .  1 4 - 1  
. . . . . . . . .  1 3 . 6  
. . . . . . . . . .  1 3 - 0  

and Cr. Carpenter made t h e .  remarkable observa- 
tion that 66~diate~rer  the teinperature was at 100 



k’im 6?.-Dingram roprosonthg the relnt,ion Iictwcen depth nnrl temporntnrc, Iron1 the tampern 
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fathoms, that mas the teml~crature of the wholc: 
inass of watcr hcncath, down to  thc greatest cleptli 
explored." The tempcrat ure a t  1-00 fathoms varies 
very little from 13" C. (55.6" Pahrenhcit), and tfic 
Mediterranean attains in many places a depth of up- 
marcls of 1,500 fathoms, so that here me liavc tlic 
straiige pllenol~~enon of an unclcrlying iiiass of mater, 
1,400 fathoms deep, of a uiii€ool.m moderate tempera- 
ture ; a state o f  things singularly cliiTcrcnt from that 
whicli obtains a t  like depths in  the Atlantic. Dr. 
Carpenter's ingenious speculations as t o  the cause 
of  this difference will be considered later. 
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! 8  
IO I 

off tho Groat 1 
Skelligs . . j Koim 

I r ,  
' 8  

11.9 I, 
11'6 I 11.1 , ' 8  

10 

11% 
10'0 

7 9  
11% 
11'1 
19'3 
13'9 
13'9 
12'7 

10'0 
z 1'6 
11'1 
11'6 

!I 

ncg. 
Ceut. 
10'0 
10% 
12'2 
15.0 
I 5 3  
12.8 
12.5 
11'4 

10'0 
8 4 
9.4 
10'0 
11'1 
13'3 
13-3 
13'8 
13.8 
12.7 
12.2 
129 
11.6 
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I r :  

[ m  
~ a t o  and Position. ~ 

I 
I 
.- 

! 

June 1st  . . . 
1 10 

Lnt. 51" 22". 1 ~ Noon, 
Long. 12" 26' W. i 

June 2nd. . . 

Lab. f52" 8' N. 
Long. 12" 50'W. 

June3rd. . . 

Lat. 52' 26". 
Long. ll"41'W. I 

June 4th . . . 

Lat: 52" 14". 
Long. 11' 45' W. 

2 
4 
6 
s 

10 
Midn. 

2 
4 
6 
8 

10 
Noon, 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noon, 

2 
4 
6 
8 .  

10 
Midn, 

2 
4 
6 
8 

10 
Noon, 

. .  

?OB. 
Grot. 
12'2 
13'0 
13'9 
14'4 
144  
12'2 
13'3 
12'2 
11'9 
11.6 
11'9 
11'1 
10'6 
11'6 
12'2 
15.0 
14'4 
15'0 
13.9. 
11'1 
11'4 
11.1 
11'1 
10'8 
11'1 
12.7 
15'0 
13'3 
14.7 
13.0 
11'6 
11'1 
11'1 
10'8 
11'1 
11'1 
11'1 
10% 
10'5 
10'5 

DO&' 
Cent. 
11.9 
11'9 
11.9 
11'9 
12'2 
11'6 
119 
11'9 
12'2 
11'9 
11'9 
11.9 
11'9 

12'2 
12.2 
12'2 
12'2 
12.2 
11.9 
11'9 
11'9 
11% 
11'6 
11'9 
11'6 
11% 
11'8 
11.9 
12% 
12'2 
11'8 
11'6 
11'6 
11'6 
11% 
11'6 
11'6 
11'6 
11'1 

Date nnd roeition. 
I. 

d 

June4th . . . 

June 5th'. . . 

In' Giilwny Dock 

June 6th . . . 

In Galwny Dock 

dune 7th .  . . 

In Galway Douk 

JuneBth. . . 
- 

2 
4 
6 
8 

10 
Midn 

2 
4 
6 
8 

10 
Noon, 

2 
4 
0 
8 

10 
Midn 

2 
4 
6 
8 

10 
Noon 

2 
4 
6 
8 

10 
Midn 

2 
4 
6 
8 

10 
Noon 

2 
4 
6 
8 

10 
Midn 

2 
4 

Deg. 
Cant. 
13'3 
13'3 
12'8 
128  
12'2 
11'9 
11.8 
11'6 
12'7 
127  
12'7 
16'1 
16.6 
13'9 
15'8 
13'3 
133 
139  
13'3 
12.7 

144  
12'2 
17'2 
18.4 
19'4 

13'9 
1 3 3  
13'3 
12.7 

10'1 
18'3 
17.7 
17'7 
17'2 
15'0 
13'9 
12'2 
11'1 
100  

Deg. 
Cent. 
11'6 
11.8 
11.9 
12.8 
11'4 
11.9 
11.9 
11'6 
11'1 
11'1 
11'6 
13'3 
15.0 

-- - 
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Data and Poktlon. 

-. 

June8th.  . . 
In Gdwny Dock 

JuneQth. . . 

In  Gnlway Dock 

June 10th . . 

Long. 63" 11' 52'w. 16"- I 

June 11th . . 

. .  

6 
8 

10 
Noon. 

2 
4 
6 
8 

10 
Midn, 

2 
4 
6 
8 

10 
Noon. 

2 
4 
0' 
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noon 

2 
4 
6 
8 

10 
Midn 

i 
8 

10 
Noon, 

2 
4 

17'2 
21'1 
205 
206 
20'0 
16'6 
11'6 
11'1 
7 '2 
7.7 

10'6 
12.7 
16'1 
19'4 
17.4 
17.2 
16'0 
11.4 
10'6 
10'6 
10'0 
10'6 
10'2 
12.2 
11'6 
12.7 
13'3 
12'2 
11.6 
10'6 
10'0 
10'0 
10'0. 
10'0 
11'1 
11'1 
12'6 
16'0 
13.9 
14'4 

- 

+ b  p 
Ed 
h% 

Dog. 
- 
Conk 

17'7 

12'7 
12'6 
12'2 
11'6 
12'2 
12% 
13.3 
13'9 
13.9 
13'6 
12% 
12'7 
12'5 
12'6 
11'6 
11'0 
12'2 
12'6 
12'6 
12'5 
12.7 
12'2 
12.7 
1 2 3  
12'3 
12'3 
12.2 
12'2 
12'5 
12'6 
12'6 
12.2 
12.7 
12.7 

16.0 8 

Data and Posltlon. 

- - 

June 11th . . 

Junel2th . . 

Lat. W21" .  1 
Long. 15" 24' W. 5 

June 13th . . 

LHt. 153' 28' N. 
Long. 16" 08' W. 1 

Jnno 14th . . 

Lat. 63'43'N. 
Long. 13" 48' w. 1 

Juno 16th . . 

- 
h 

8 
- 

6 
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noon. 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noon. 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 
10 

Noon, 
2 
4 
6 
8 

10 
Midii, 

2 

- 
E 
3 <  
54 
$ 0  
E, 

h 

- 
Deg. 
Cent. 
11'9 
10'5 
11'1 
10'0 
10'0 
102  
11'1 
11'4 
12.2 
12.2 
11.1 
12'2 
108  
11.1 
11'1 
10% 
10'6 
10'0 
9'1 
9.7 
9.4 

10'8 
10'6 
11'4 
11'1 
10.7 
11'1 
11'1 
11'1 
11.4 
11'4 
11'9 
11'1 
13'3 
11-7 
13'0 
12'7 
11.1 
11'1 
11'1 
10'8 

.. . . - 

E $  
22 
Frb $a 

E-% 

I_ 

Deg. 
Cout. 
12.7 
12'7 
12'2 
12.2 
12'2 
129 
12'9 
13'0 
12.7 
12.7 
125' 
12.7 
130  
12'9 
12'6 
12'3 
11'9 
12.2 
12.2 
11.9 
12.0 
12 2 
12'6 
12'2 
12'2 
13'3 
12'2 
12'2 
12'2 
12'2 
11'9 
12.5 
12'2 
12'2 
12'2 
12'2 
12'2 
11'8 
11'1 
11'4 
11'1 



THZ DEPTHS OF THE SEA. [CHAP. VII. 331, 
._. - ._ 

12'0 
139 
15.0 

D n h  and Position. 

11'5 j 
11'6 ,I 
11'6 li 

Jiinc 15th . . 

Lnt. 83' 47' N. 
Long. 1 3 O  14' w. 

I 
j June 16th . . 

Lat. 64' 2". 
I Long. 12" 14' W. 

Jiine 17th . . 

4 
0 
8 

10 
xoon. 

2 
4 
6 
8 

10 
Midn. 

2 
4 
(I 
5 

10 
Noon. 

2 
4 
(I 
8 

10 
hlidn. 
2 
4 
6 
8 

1 0 
Noon. 
2 
4 
0 
R 

10 
Midn. 

June 18th . . 2 
4 

--I! : .- _- 

14'4 l l ' ( i I I  
12'2 I 11% ': 

12.7 
13.6 
13.0 
13.9 
10'8 

: 2  
1 4  

6 
t 8 10'0 I 

II 
11% , 
11 6 I hlidn. 
11.8 i June 19th . . 
118 I 

I 10 

10'8 I 11% /I 
10'5 I 11'1 

2 
4 
6 
8 

1 0  
Noon. 

2 
4 
6 
8 

10 
Midn. 

2 13'3 
12.8 
10.2 
11.1 
11.4 
11'6 
11'6 
11'9 
13'6 
12'5 
13.0 
13.3 
13'3 
12'2 
12.2 
11'9 
12'2 
11'6 
11'0 
12.2 
12'2 
12.2 

11.1 
11'4 
11'4 
11% 
11'6 
11.8 
11.6 
11'6 
11.8 
11.9 
11.9 
11'9 
11'6 
11'6 
11% 
11.6 
12.0 
12'0 
12.1 
12.9 

I (i 
I 8  
I 10 

! ? A  
At Killibegn . . I Noon. 

' 4  
i ;  I 

4 I 11'1 
i 6 11.8 

R i 12.2 

At Kill ibep. . I Noon. 16'0 
I 2 I 15.3 

12.5 
1 2 9  
18.7 
12.7 
11'9 
11'4 
11.4 
11'1 
11'1 
114 
11'6 
13.9 
13.0 
13.3 
1 2 2  
11.6 
13.0 
11.1 
10'6 
10.5 
11.1 
11.6 
12.7 
13.0 
13.9 
115.0 
1 4 1  
14.4 
12.2 
10.0 

4 14.4 
6 ' 13'0 

10 : 11'1 
8 .  i 11.6 

I 

_. . 
1)t-g 
Cent 

12.2 
12.2 
12'4 
11% 
11'8 
11% 
11'4 
11'6 
11'1 
11% 
12.2 
11.8 
11.9 
12.2 
12'2 

12.7 1 

12'3 I 
12.3 I 
12.2 ; 
11'9 
11.6 
11% 
1 2 2  
11.0 
12.2 
12.3 
12'5 
12.6 
12.5 
12.2 
12'5 
12.2 

12'5 
12'2 ~ 

12'3 [ 
11% 1 

1 



June 2lst . . j Midn. 
Julie 2Jlitl . . I 2 

lo  
Midii 

I i 4  
' 6  

12'7 

, At I<illiLep . 

133 
13'0 
13'3 

8 

At I<illiLegs. . 

1 2  
1 ;  

8 
' 10 
Rlidii 

Julie 23rd . . a 
1 4  
I 6  
1 8  

2 

, 10 

1 2  
At KilliLegs . . j Noon 

' 4  
I t i  
I 8  

4 

i 10 
A t  Bundornn . Noon. 

' 2  

Deg. 
C E l l t .  

10'5 
11'1 
11'1 
11'1 
11% 
13'3 
13.3 
1 3 9  
19'3 
12'2 

11'1 
11'1 
10'8 
11'1 
12'4 
13'9 
15'5 
16% 
15'5 
17.7 
1 (i'G 
13.3 
13'6 

15'7 
17'7 
1 7 2  
16.1 
14'7 
14.7 
14'4 
14.1 
13'9 
18'3 
20'0 
20'5 
2B.D 

2.2 I! Juue 25th , 
1'8 !I 

12'5 II 
12.7 1' 

15'0 
1 4 1  (1 Lut. 54"54'N. 

15'3 I 15'0 I Loug. loo 59' w. 

. .  

4 
6 
8 
10 

lidn. 
2 
4 
(i 
8 

Dug. 
CVIlL. 
15.0 
16'1 
15.0 
15'5 
14'4 
14.1 
13'9 
13.9 
15'3 

10 
JOOll,  

2 
4 
6 
8 

10 
didn 

2 
4 
G 
8 

10 
!Toon 

2 
4 
6 
8 

10 
Midr 

2 
4 
G 
8 

10 
Noou. 

2 
4 
G 
8 

8'0 
9'1 
!1'2 
.9'4 
10% 
15.5 
13.7 
12'5 
11'1 
11'4 
12.7 
13% 
15'B 
16'6 
20'0 
17'2 
13'3 
13'3 
13'3 
13'3 
12.7 
12.7 
12'7 
13'3 
13.9 
14.7 
14.7 
13'9 
13'0 
13% 

I O  : 12'7 
Midn. 12'9 

e 3  55 
&$ 
ed 
c"o 

Dog. 
:ent,. 
5.0 
3.9 
4.1 
5.5 
5.5 
5.8 
.5'0 
3'3 
13% 

14'4 
13.1) 

16'1 
15'5 
15'5 
15'3 
16'0 
1 4 4  
1 4 4  
139 
13'9 
14'4 
14.4 
15.0 
14'4 
13'3 
13'3 
133 
13.3 
13'3 
12.9 
12.7 
13'0 
13'3 
13'3 
13'3 
13'3 
13'9 
13'0 
13'3 
13'6 
13'3 
13'3 

.- 

15.3' 

-- - 
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Date mid Position. 

June 29th . . 

Lnt. 56" 11". , 
Long. 11" 31' W. ~ 

S'une 30th . . 

Laf. 65" 44' N. 1 Long. 12" 53' W. 1 

July 1st 

July 2nd 

. . .  July 1st . . . 

July 2nd. . . 

I Lat. 66" 9' N. 
Long. 14' 10' W. 

-. . - 

. . .  

I Lat. 66" 9' N. 
Long. 14' 10' W. 

__ . .__ .. 

6 
8 

10 
Noon 

2 
4 
6 
8 

10 
Midn, 

2 
4 
6 
8 

10 
Toon. 

2 
4 
6 
8 

10 
vIidn. 

2 
4 
6 
8 

10 
?oon. 

2 
4 
G 
8 

10 
didn. 

2 
4 
6 
8 

10 

Toon. 
2 

p 8. 
Cent. 
13'6 
14-4 
16% 
16'6 
16'1 
15'5 
15'5 
16.0 
13.6 
13'3 
13.0 
13'3 
16.6 
18'0 
16'1 
lG'4 
17'7 
17.7 
L 6'8 
15'0 
14-4 
13'6 
12.7 
13'3 
16% 
16'3 
17'3 
L7.2 
.7*2 
16'6 
.5*0 
.4*4 
4.1 
41 
4'1 
4.1 
5.0 
5.5 
5.5 

7.7 
7.4 

Deg. 
Cent. 
133 
13'3 
13'9 
14'4 
15'0 
14.4 
144 
144 
13-9 
13'9 
141 
14'0 
13'9 
13.9 
144 
14.4 
14.5 
14.4 
16.0 
15'0 
15.3 
144 
13.9 
13'9 
14'4 
14'4 
147 
14.8 
15'6 
16'0 
L 4.4 
14'4 
141 
14.1 
13.9 
14.0 
141 
141 
.4'4 
.44 
4.7 

Date and 
I 

1 Pusition. 

July 2nd. . . 

Judy +d . . . 

Lat. 56"58'N. i 
Long. 13" 17' W. ! 

July 4th . . . 

Lrtt. 56" 47' N. 
Long. 12" 49' W. 1 

July 6th . . . 

ht. 56'41" 
Long. 12" 56' W. 1 

t 

8 
- 

4 
8 
8 
10 

Midi 
2 
4 
6 
8 

10 
Noon 

2 
4 
6 
8 

10 
Midn 

2 
4 
6 
8 

10 
Noon 

2 
4 
6 
8 

10 
Midn 

2 
4 
6 
8 

10 
Yoon. 

2 
4 
6 
8 

10 ' 
Midn. 

Dog. 
Cent. 
16'2 
15% 
14.7 
15'0 
14.4 
13'9 
13'3 
149 
15'6 
16.1 
16'3 
16'9 
16'1 
1k7 
13'9 
13'3 
12.7 
13'4 
13.9 
13'6 
14'1 
14.7 
16-0 
14'4 
14'4 
13.9 
13.9 
13.9 
13'3 
.2*7 
.3'3 
.3*9 
.3*9 
4.4 
3.9 
4.4 
3'3 
2.7 
2.2 
2'B 
2.5 

- 
De& 
Caot. 
14-2 
145 
14'4 
14'6 
13.9 
13'9 
13.9 
14.1 
14.1 
140 
13'9 
144 
13.9 
13'6 
12'6 
12'6 
12'2 
13'6 
13'9 
14.0 
13'6 
14.7 
139 
14.7 
14.8 
14'8 
14'9 
16'0 
14.7 
15.0 
16'0 
147 
14.7 
14.7 
14'7 
15.0 
15.0 
.*4 
.4'1 
.4'4 
.4'4 
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I 
Data and Posltlon. 

I I July Gth . . . 

Lat. 66'22'N. 1 
Long. 11' 37' W. j 

July 7th . . . 

Lat. ~ ~ " s B ' N .  i 
Loll& 10" l7'W. j 

July 8th . . . 

h t .  6V 6' N. 
hng.  9" 36' W. 1 

July 9th . . . 

2 
4 
G 
8 

10 
Noon, 

2 
4 
G 
8 

10 
Uidu, 

2 
4 
G 
8 

10 
Noon, 

2 
4 
8 
8 

10 
klidn. 

2 
4 
G 
8 

10 
Yoon. 

2 
4 
G 
8 

10 
bfidn. 

2 
4 
(i 
8 

10 

Deg. 
Cant. 
12'2 
12'7 
12'4 
13'9 
14'1 

16.0 
lG.3 
13'9 
13'3 
12'0 
11.1 
12'7 
14.1 
1 4 7  
14.7 
16'0 
16'0 
16'0 
15.0 
16'0 
15'0 
14-4 
1 4 4  
14.4 
14'4 
15'6 
15'6 
15.0 
16'0 
147 
16'0 
13'3 
13'3 
13'3 
12.7 
12'2 
12'2 

141 
15'6 

- 
t i  
$ 3  
e2 
"Ld 

Deg 
Cent. 
13'9 
13.9 
13'8 
141 
13.9 
139 

141 
14.4 
14.4 
13.9 
13.3 
13'3 
13'3 
13'3 
13.3 
13'4 
13'3 
13'9 
13% 
13'9 
13'9 
13.3 
13'3 
13'9 
13'6 
139 
13'0 
13'9 
133  
13'G 
13'6 
13'9 
13'6 
13.9 
12.7 
13'9 
12.7 

13'3 
13'3 

- 

In Lough Swilly 

July 10th . . 

Jn Lougli Foylo 

July 11th . . 

At Moville, 
Lough Foyle 1 

July 12th . . 

1 Off Belfast 
Lough . . . 

- 

Noon 
4 
4 
6 
8 

10 
Midn. 

2 
4 
G 
8 

10 
Noon, 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noon. 

2 
?4 
' G  
a8 

MSdn. 
2 
4 
G 
8 

10 
Noon. 

2 
4 
6 
8 

10 

ao.. 

Dog. 
Cent. 
15'8 
16.1 
16'6 
16.3 
13.9 
12.2 
11% 
11'8 
12.2 
141 
16.1 
113.1 
17'7 
17.7 
18'3 
16.1 
144 
13.9 
14'4 
165.0 
13'9 
14.7 
16'3 
16'6 

18'9 

20% 
21.1 
18'9 
18'0 
16.8 
16'8 
16'3 
13'0 
13'9 
16'5 
lG'1 
16.B 
lG'1 
13'9 
14'4 
144 
12'7 

{j 
cj 
8 m  
"Ld 
- 
Dog. 
Cent. 
13'3 
13'3 
13'0 
13'3 
13.3 
13'3 
12.7 
13'6 
13.G 
13.0 
13.4 
13'4 
144  
15.0 
147 
14.4 
139 
13'3 
13.9 
144  
14'4 
13.9 
13'9 
13.6 
144  
1G.6 
16.0 
14'4 
14.4 
13'9 
14.4 
1g'0 
147 
11'4 
11'1 
10'6 
11'1 
11'1 
14'4 
144 
141 
12'2 



Jdy  12th . . 
July 13th . . M i d u  

2 
4 
6 
8 

[ f i  
10 

I Midn 

4 
I C i  

' July 14th . . 2 

,"July 13th . . 

At Belkst . . 

July 16111 . . 

I 4  j c i  

' 8  
1 0 

Midn. 
2 
4 
6 
8 

10 
xoon,  

2 
4 
6 
8 

10 
Midn 

2 
4 
6 
8 

- 
?C& 
LCllt. 
19.2 
10.3 
11.1 
18.2 
13'3 
13.3 
15-5 
17'8 
16% 
17'7 
15.5 
12.2 
11'8 
13'3 
13.3 
141 
15.8 
17'5 
17% 
18'3 
17'8 

16.1 
16.1 
15.5 
15'0 
16'6 
18'3 
20'5 
21'4 
21'1 
21'1 
20'3 
19.4 
19.4 
17.7 
17'2 
16'6 
17'5 
18'9 
28'5 
2.2.5 
172 

. -- 

16'6 
16'6 
16'6 
16'3 
16.6 
16'6 
16'6 
16% 

I6.0 
16.1 
16'6 
1G'l 
16'4 
17.7 

17% 
17'7 
17'2 
17.2 
17'2 
17.2 
17'2 
17'2 
17'7 
18.9 
18'9 

'July 18th 

I :. 
1 6  

8 
] 10 
i Midn. 

July 19th . . j 2 
i 4  
' 0  

: 10 

2 

1 8  

1 4  

At Haulbowline ' Noon. 

I 6  
1 8  \ 10 

duly'80tB , . 

_1_ 

Dag. 
CWt. 
16.1 
18'1 
17'7 
17'2 
14.7 
12'7 . 
12.2 
16.4 
17'7 
194  
26.1 
18'9 
163  
147  
15'0 
15.0 
16% 
16.1 
15'5 
1G.1 
15'5 
16'9 
16'6 
18'9 
19'4 
17-9 
19'4 
18'0 
17.7 
16'1 
15'5 
16'3 
19.7 
2 16 
22'8 
20'0 

20'0 
17'2 
16'6 
16.6 
10'8 
16.6 
17'0 

- 
lhg. 
CHUt. 
10'4 
18.9 : 
18'9 I 
18'9 i 18'9 

18.3 , 
17'2 
18.3 
18'3 
183 
19'7 
13'9 
11% 
11'6 
1 2 7  
13'9 
15'5 

17.4 
16'6 
16'6 
17.7 
18'0 
18'3 



D a h  and Position. 

July 20th 

Lat. 50" 28' N. 
Long. 9" 37' W. 

July 21et. . . 

Lat. 48" 61'N. 
Long. 11" 8'W. 

July2end . , 

Lnt. 47' 38' N. 
Long. 1%' 11' W. 

c: 

s 
- 

8 
10 

Noor: 
2 
4 
G 
8 

10 
Midn 

2 
4 
6 
8 

10 
Noon 

2 
4 
6 
8 

10 
Midn 

2 
4 
G 
R 

10 
yoen, 

2 
4 
0 
8 

10 
Kidn. 

2 
4 
G 
8 

10 
Toon. 
' 2  

DCg. 
Cent 
20.5 
21'1 
22'2 
20% 
20.0 
20.0 
18.G 
17.7 
17.2 
17.7 
17'2 
17.7 
17.7 
18'9 
19'4 
20'8 
18'3 
18.3 
18'0 
17.7 
17.7 
17'7 
17'7 
18'3 
18'9 
17'2 
19'4 
19.4 
20.0 
18'9 
17.5 
17% 
17'2 
17.2 
1 G.0 
17.7 
19.4 
19.1. 
20'0 
!0*0 

Deg. 
Cont. 
18'3 
18'9 
18'9 
19.7 
19'4 
18'9 
18'3 
18'3 
18'0 
17'7 
16'9 
17.5 
17'B 
17.5 
1 7 5  
17'2 
17.2 
17'2 
17.7 
17.7 
17'7 
18'9 
1'7.7 
18'3 
18'0 
17'7 
18'3 

18'3 
18'3 
18'3 
3 '3  
.8'3 
.8'0 
.8'0 
8'3 
7.7 
8'0 
8'0 

8'0 
8'3 

July 23rd . . 

July 24th , , 

July 25th , 

Lat. 49" 1". ) 
Long. W22' W. $ 

July 26th . . 

kt. 49" O'N. 
Long. 11" 58' W. 

I. 

I5 

- 

4 
G 
8 

10 
Midn 

2 
4 
6 
8 

10 

Noon 
2 
4 
6 
.8 

10 
Midn 

a 
4 
G 
8 

10 
Noon 

2 
4 
G 
8 

10 
Midn, 

2 
4 
G 
8 

10 
Noon. 

2 
4 
(i 
8 

10 
Midn. 

DO6 
Ceni 
175 
18.5 
17.5 
17'4 
16f 
17'2 
17.2 
17.6 
18'6 
18'9 
18.3 

19'4 
18.9 
18.0 
18'0 
183  
17.7 
17'2 
16'9 
16'6 
17.7 
18'0 
18.9 
18'3 
18'3 
18.3 
10'4 
18'3 
18'9 
l G . 1  
16.1 
17% 
16'1 
18'9 
18.9 
17'2 
16'9 
lG.9 
lG'4 
16.1 
L6'8 

p 6 .  
Lont. 
18'3 
18'3 
18'3 
18'3 
18'3 
18'3 
18'3 

18'0 
18'3 
18'3 
18'3 
18'3 
17.7 
18'0 
18'3 
18'3 
18'0 
18.3 
17'7 
17.7 
17.7 
17.7 
17'7 
17'7 
17-7 
18'3 
17'7 
17'5 
17'2 
17.2 
17'4 
17'5 
17'7 
.7*7 
7'7 
.7*7 
7.7 
7'7 
7.7 
7.7 
- 

z 
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Date and Positioll. 

- 

Jiily 27th . . 

Lst. 411' 1O'N. 
Long. 12" 45' W. 1 

July 28th . . 

July 29th . . 

July 30th . 

2 
4 
(i 
8 

10 
Noon, 

2 
4 
6 
8 

10 
Midn 

2 
4 
6 
8 

10 
Noon 

2 
4 
6 
8 

10 
Midn 

2 
4 
6 
8 

10 
Noon 

2 
4 
6 
8 

10 
Midn 

2 
4 
6 
8 i i o  

~ 

D0g. 
CCllt. 
1.5'5 
15.0 
17.2 
14% 
18.9 
18'0 
17'7 
18.!) 
18'3 
16'1 
16-1 
15.8 
15'3 
15.0 
15'5 
18'6 
17'7 
19'4 
19'7 
18'3 
16% 
15'5 
15.8 
16.1 
16'1 
15.5 
15.8 
16'4 
16'6 
17'2 
16-1 
17.7 
17'7 
16'3 
16.1 
16'1 
16.1 
16.1 
17.2 
17.2 
17'2 

- 
r d  
I.$ 
$4 
:%i y". 
E m  

I_ 

D'g. 
:exit. 
17.7 
17'2 
17'5 
17.5 

17'5 
17'5 
17.7 
17.7 
17'7 
17.7 
17'7 
17'5 
16.6 
16.9 
16% 
16'6 

16.6 
16'9 
17'1 
16'9 
lG*$J 
15'5 
16.6 
17'2 
17'7 
16.9 
16.9 
16'6 
10'3 
16'3 
16'3 
16% 
17.2 
16'6 
17'2 
15'8 
15'8 
16'8 
15'8 
18'5 

[-.r / 0 

Date and Position. 

Lat. 51" T', N.1 
Long. 11"2L W. 

July 31st. , . 

Near Cork Hiir- 
bour . . . 

August 1st . . 

At  Queenstown. 

A u p t  2nd .  . 

At Queenstown. 

. * .  . 

- 

L 

2 

-- 

Noon. 
2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 
10 

Noon. 
2 
4 
6 
8 

10 
hlidn. 

2 
4 
6 
8 .  

10 
Noon. 

2 
4 
6 
8 

10 
Midn, 

2 
4 
G 
8 

10 
Noon 

2 
4 
6 
8 

10 

- 
.u 9 
&: 
2.5 

G 
c o  

.- 

Deg. 
COllt. 

17.7 
17.7 
17'5 
17'2 
16'6 
16'6 
16'6 
16'3 
15'5 
15'3 
17'2 
18.9 
16'6 

18'3 
16'1 
144  
12.7 
12'7 
12'2 
12'2 
13'9 
16'6 
17'5 
19.1 
18'9 
18'9 

13'9 
12.2 
12'6 
12.2 
11.9 
12'7 
15'0 
147  
16% 
15.6 
16'4 
163 
13'9 
13'9 

. . . - - .  . 

- 
t$ 

$1 
Fi? 
""0 

.us 

o m  

- 
Dcg. 
cent. 

15'8 

16.1 
16% 
16.6 
16.5 . 
15'8 
15'5 
15'5 
14.7 
14.7 
125 

12'2 

l G . 1  
15.8 
1 4 4  
11'6 
11'1 

14.7 
14'7 
16'3 
16'8 

18% 
15'0 
1 4 7  
1 4 4  
15.0 
16'6 
1 6 3  

16'0 
16% 
15'0 
16'0 
. . -.  
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Dnto nnd Position. 

August 2nd . . 
August 3rd . . 

Lat. 52" 22' N. 
Blackwater, 

Lat. N. 11 miles. 

August 4th . . 

At Copeland Is- 
land . . . 

A u p t  6th . . 

At Belfast . . 

Auguet Gth . . 

;i 
m" 

- 
Midn. 

2 
4 
G 
8 

10 

Noon. 

2 
4 
G 
8 

10 
Midn 

2 
4 
6 
8 

10 
Noon 

2 
4 
6 
8 

10 
Blidn 

2 
4 
6 
8 

10 
Noon 

2 
4 
6 
0 

10 
Midn 

2 
4 
G 
8 

- 
Deg. 
Cent. 
13'9 
15'3 
15.5 
15'0 
18'5 
15'5 

16'1 

16'2 
18'3 
17'2 
15'5 
14-4 
14'4 
13'9 
13'3 
13'3 
11'9 
13'9 
14'4 
16'0 
16'1 
16'6 
13'3 
13'3 
11'1 
11'1 
10'5 
12.7 
15'3 
18'3 
16'9 
17'4 
17'7 
12'8 

11'1 
10.0 
10% 
10'0 
12% 
1G'G 

- 
Deg. 
Ccnt. 
13'9 
14'4 
141 

13'9 
141 

13% 

13'9 
141 
14.7 
13'3 
13'3 
13'3 
13.9 
139 
12.7 
12'5 
12'2 
12% 
139 
16.1 
15'8 

15.0 
13'9 
14'1 
14'4 
14'6 
14.7 
15'0 
15'5 

16'4 
16'5 

15.0 
15'0 
14.7 
14'4 
14.1 
14'4 

r m  

- 

Dido nnd Position. 

August Gth . . 
At Belfnst . . 

August 7th . . 

At Belfast . . 

Auyst  8th . . 

At Belfast . . 

August 9th . . 

AtBelfast . . 

10 
voon. 

2 
4 
G 
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noon 

2 
4 
G 
8 

10 
Midn 

2 
4 
G 
8 

10 
Noon 

2 
4 
G 
8 

10 
Midn 

2 
4 
G 
A 

10 
Noon 

2 
4 

! G  
8 

i 10 I Midn 

DPg. 
Ccnt. 
15'7 
18'3 

18'9 
15.0 
13'0 
11.1 
10'0 
10'8 
11'1 
12.7 
14'4 
15'3 
15.0 
15.3 
15'0 
15'8 

147 
15'0 
13.9 
13'9 

15.0 
15.5 
17.2 
20'8 
16.6 
13'9 
14'4 
13% 
13'9 
13'3 
13.3 
13'3 
13.3 
14.4 
15.0 
16'1 
16.6 
14.4 
11'4 
10.5 
10'0 

Dog. 
COllt. 
14'7 
15'5 

17.2 

16'6 
16'1 
15'0 
16.5 
15'5 
15% 
1 5'5 
15% 
16.0 
15'6 
16% 

16% 
14'7 
15.0 
15-0 

15.0 
15'3 
15.8 
16'1 
16.8 
1 6% 
15.8 
15'8 
15% 
15'6 
15'5 
16'3 

16.6 
15.6 
15'6 

16'8 
15'5 
15'0 
14.4 

15.5 

- 
2 2  
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August 10th I 

At  Belfast . . 

August 11th. . 

In Belfast Loiigh 

Augiirct 12th.  . 

Coll Island, 
North, 3 i d e s  1 

Arigust 13th. . 

Shiant Islands, 1 
N. N. W. 6 iiiiles 

.- - - 

r: 
a 

G 
- 

2 
4 
6 
8 

10 
soon. 

2 
4 
6 
8 

10 
\tian. 

2 
4 
G 
8 

10 
Yoon, 

2 
4 
6 
8 

10 
\lidn. 

2 
4 
6 
8 

10 
Xoon. 

2 
4 
f i  
8 

10 
Midn 

2 
4 
(i 
8 

10 

Noon 

Dog. 
Cent. 
11'1 
10'5 
10'5 
11'4 
13'9 
15.5 
15'0 
14.7 
12'7 
11'9 
11'6 
11% 
10'5 
11.7 
12.2 
13'3 
14'4 
1 4 4  
1 5 3  
15'0 
13'9 
12'2 
11.7 
12'0 
12.2 
11'1 
11'3 
13.3 
17'2 
18'3 
15'3 
14'4 
12.7 
12'2 
11'7 
12'0 
12.7 
12'5 
12.7 
12'5 
14.7 
13'3 

Dog. 
Cc1rt. 
13'9 
14.7 
14.4 
14'4 

15.0 

15'0 
14'4 
13'9 
13'9 
13'3 
13'6 
13'9 

1 4 4  
12'2 
13'0 
12'2 
12.2 
11.7 
11'7 
12'2 
11.7 
12'0 
12.5 
12'7 
12'5 
13'3 
12'2 
12'2 
12.0 
12'2 
12.2 
11.6 
11.6 
12.0 
12'0 
11% 
11'6 

Dntx and Positioii. 

August 13th. . 

August Mt,h. . 

At Stornoway . 

August 15th. . 

At Stornoway . 

August 16th. . 

h t .  59" 21' N. 
Long. 6" 58' w. 

August 17th 
I 

2 
4 
G 
8 

10 
Midn. 

2 
3 
6 
8 

10 
Noon 

2 
4 
G 
8. 

10 
Midn 

2 
4 
6 
8 

10 
Noon, 

2 
4 
6 
8 

10 
Midn 

2 
4 
6 
8 

10 
Noon 

2 
4 
6 
8 

10 
Midi] 

2 

Deg. 
cent.  
12'5 
12.7 
13'3 
18'0 
11'4 
11'1 
1 1% 
11'4 
11'4 
13.3 
12.7 
15.5 
1 G . l  
15'0 
14.7 
13'3 
13'3 
12'7 
13'3 
13'3 
13'3 
13'9 
13'9 
14'4 
15'8 
16.1 
15.5 
13'3 
12.7 
13.0 
12.7 
12.7 
13'3 
13'3' 
13'6 
133 
13'0 
13'3 
13'3 
12.7 
12'5 
12'2 
11'1 

Deg. 
Ccnt. 
11% 
12.2 
11% 
12.7 
11% 
12'2 
12'0 
11.4 
12'2 
12'0 

13'2 
12'5 
12'7 

12.2 
12.5 
12'2 
12.2 
12.2 
12'2 
12.2 
12'2 
12'2 
12.5 
12.5 
12'5 
12'5 
12'7 
12.2 
12'2 
12'2 
12'2 
1'2'2 
12'2 
12.0 
12.2 
12'2 
12'2. 
12'2 
12'2 
12'2 
11'6 
- 
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Dntc! and Position. 

August 17th. . 

Lut. 69" 3(i' N. 
Long. 7" 12' w. 1 

August 18th. . 

Lat. GO" 25' N 
Long. 8' 9' W: 1 

August 19th. . 

Lnt. GO" 13' N. 
Long. Go 41' W. 1 

Auys t  20th. . 

L 

4 
6 
8 

10 
Noon 

2 
4 
G 
8 

10 
Midn 

2 
4 
6 
8 

10 
Nvou 

2 
4 
6 
8 

10 
Midn, 

2 
4 
G 
8 

10 
Noon 

2 
4 
G 
8 

10 
Kidn, 

2 
.4 
G 
8 

10 

e 
Y e .r 

8 "  
h 

- 
Dog. 
Cunt. 
12,2 
12.2 
12'2 
13'9 
13'9 
13'6 
14'1 
13'0 
12'8 
12.7 
12'2 
12.2 
12'2 
12.7 
13'0 
13% 
13% 
12'7 
12'5 
12'2 
12.2 
12'2 
12'2 
12'2 
12.2 
12.7 
12.7 
13.3 
12.7 
13'3 
13'9 
12.7 
12.7 
12'7 
12'2 
12.2 
12.0 
12'2 
12'6 
12'5 

Deg. 
Cent. 
11'9 
11'9 

12'2 
12'2 
11'9 
11.9 
11'9 
11'4 
11.1 
11'1 
10'5 
11.1 
11'1 
11'4 
10'8 
11.4 
11'1 
10'8 
11'1 
11'1 
11'1 
11'1 
11'1 
11'1 
11.4 
11'4 
11'4 
11'1 
11'1 

11'1 
11'1 
11'1 
10'5 
10'5 
10'0 
10.8 
10'8 
10.3 

Dnte aud Positiou. 

Lat. GO" 35: N. 
Long. 6" 41' w. 

August ,21st . . 

Off S~iidii in 
Fiitroo Isluiids 

AugustBPnd . 

At Thonhnvn . 

August 23rd . 

At T l i o n l ~ a ~ n  . 

Noon. 
2 
4 
6 
8 

10 
Midn. 

2 
4 
G 
8 

10 
Noon. 

2 
4 
G 
8 

10 
Midn. 

2 
4 
G 
8 

10 
Noon. 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noon. 

2 
4 
G 
8 

31 1 

6 
e .e 
8:: 
8 "  

Y 

El 

- 
Deg. 
CCllt. 

133  
12.7 
12.2 
9.4 
9.4 
9.7 

10'0 
10'0 
9 '4 

10.0 
10'0 
13% 
13.3 
11'4 
11.7 
11.4 
10'5 
10'8 
10'6 
10% 
10.8 
11'1 
11% 
12.7 
14.4 
13'3 
13.2 
13'3 
10'6 
10'0 
10'0 
9.4 

10.8 
10'8 
12.7 
12.7 
12.7 
12.7 
12'2 
11'6 

. . .- 

Deg. 
Cent. 

11'4 
11.4 
11% 
11'4 
10'6 
10'0 
9'4 
9 '4 
9'4 
9'4 

10'0 
9'7 
9.1 
8'8 
9.1 
9'1 
9'1 
9 '4 
9.4 
9.1 
9'4 
9'1 
9.4 
9'4 
9'4 
9.7 

10'0 
9'7 
9'4 
9'4 
9.4 
9'4 

9'4 
9.4 
9'7 
9.7 
9.4 
9.4 
9'4 
9'1 
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Dnte M d  Position. 

August 23rd . 
Augost 24th. . 

A bout 10 miles 
East of Haalso 

August 25th. . 

Lat. 61" 3G' N. 
Long. 3" 48' W. 

August 26th. . 

Lat. Gl" 14 N. 
Long. 1" 88' W. 

August 27th. . 

5 
m" 

- 

10 
Midn, 

2 
4 
6 
8 

10 
Noon. 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noou. 

2 
4 
6 
8 

10 
Midn. 

2 
4 
G 
8 

10 
Noon. 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 

Dcg. 
Cent. 
l1.1 
11'1 
11.1 
11'1 
11.1 
11.4 
11% 
15.5 
12.0 
13'3 
11'1 
11'1 
10'5 
11.1 
11.6 
11% 
12.5 
12'5 
12'5 
12.2 
12.2 
11% 
11'6 
11.4 
11.4 
12.0 
12.0 
12.0 
12.0 
12.0 
12.2 
12.7 
12.7 
11% 
11'1 
11.6 
11.6 
11.4 
11.1 
11.1 
11'1 

Deg. 

9.4 
9.1 
9'1 
9.4 
9.4 
9'1 
9'1 
9'1 
9.7 

10.0 
9.4 
9.4 
9.4 
9.4 
9.7 
9.7 
9 *4 
9.7 
9.4 
9.4 
9.7 
9.4 
9.4 
9.7 
9.1 

10.5 
11'1 
11'1 
11.1 
11'4 
11.6 
11'4 
11.4 
11'4 
11.4 
11.4 
11.1 
11'1 
11.1 
11'1 
11'1 

Cent. 

Date and Position. 

August 27th. , 

Lat. 60" 2G'N. , 
Long. 0' 15' E. j 

August 28th. , 

At Lerwick . . 

August 29th. . 

At Lerwick . . 

August 30th. . 

At Lcnvick . 

- 

i 

m" 

- 
8 

10 
Noon. 

2 
4 
G 
8 

10 
Midn, 

2 
4 
G 
8 

10 
Noon, 

2 
4 
G 
8 

10 
Midii. 

2 
4 
6 
8 

10 
Noon. 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noon. 

2 
4 
6 
8 

De& 
ceut. 
11'1 
11% 
12'5 
13'3 
12.2 
11'1 
11'1 
10'0 
9.4 

10'6 
12'2 
11'9 
10'0 
10'0 
9'4 

l(!% 
11'1 
9'7 
8.8 
7'6 
7.2 
7.2 
7.7 
7.7 
9'4 
9'7 
9.4 
9'4 
9'4 
9'1 
7'7 
7.7 
8.9 
8.3 
7.7 
8 3  

10'3 
11.1 
11% 
127  
12'2 

7.7 

Deg. 
Ccnt. 
11'4 
11'6 
11'6 
12'2 
11'9 
11'9 
12'2 
12.2 
11'1 
11% 
11% 
11'9 
11'1 
11'1 
11'1 
11'1 
11'1 
11.1 
11'1 
11'1 
11'1 
11'1 
10'3 
11'4 
11'1 
11'1 
11'1 
11'1 
11.1 
11'1 
11'1 
10'8 
10'8 
11'1 

10.8 
11'1 
11'1 
11'1 
11'4 
11'1 

11'1 
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11'6 I 
11.4 I 
11'1 I 

Dcrto and Position. 

September 5th . 

August 30th. . 
August 31st. . 

At Lerwick . . 

Septembar 1st . 

Lat. FO"27' N. 1 
Long. 3" 11' W. j 

Septeiiiber 2nd . 

Lnt. 60" 29' hT. 
Long. 4" 38' W. 1 

September 3rd . 

3 43 DEEP-SEA TEMPERATURES. 

L 

- 

10 
hlidn 

2 
1 
8 
8 

10 
Noon 

2 
4 
G 
8 

10 
Midi1 

2 
4 
G 
8 

10 
Noon. 

2 
4 
G 
8 

10 
W n .  

2 
4 
6 
8 

10 
!Toon. 

2 
4 
6 
8 

10 
didn. 

2 
4 
6 
8 

e e; 
e4 

G 

Y g"0 

- 
Deg. 
CCIlt  
7 '2 
6% 
7 2  
7 7  

10'0 
10'0 
11.6 
12.2 
13'6 
11'1 
10'5 
11'1 
10'8 
10'5 
11'1 
11'1 
11.6 
11'6 
11'1 
11'1 
12'2 
13'3 
11.6 
11'4 
11'1 
11'1 
10'8 
10'8 
11'1 
11'1 
11'1 
11'4 
11'4 
. l * G  
, l% 
1.1 
1 '6 
1'1 
1'6 
1'1 
1.1 
1 'G 

Dcg. 
Cent. 
11.1 
11'1 
10'5 
10.5 
11'1 
11'1 
10'8 

Septeniber 3rd . 
Lnt. 60" 3' N. 
Long. 5" 10' w. 

11'1 LRt. B O O 4 . 3 '  N. , 
11'6 ;::: I Loug. 6" 35'W. ' ;::; [ 

11'1 Ij 
11'6 
11% 
10% I '  Lat. 59' 38' N. 

10'3 1 1  
105 ! ;  Long. 8" 25' w. ] 
10'3 I 

10'3 

.l*G I! 
I 

L a 
2 

10 
Nooil 

2 
4 
G 
8 

10 
Midn 

2 
4 
6 
8 

10 
Noon 

2 
' 4  

(j 
0 

10 
Hidn. 

2 
4 
6 
8 

10 
YOOl l .  

2 
4 
G 
8 

10 
blidn. 

2 
4 
G 
8 

10 
Toon. 

2 
4 

Dog 
ce111 
13'11 
12.7 
12'5 
12'2 
12'2 
13'5 
12.7 
13.7 
12.7 
13'3 
13'9 
13'9 
14'4 
13'3 
13'3 
13'0 
12.7 
12.7 
12'2 
12.5 
12'2 
12.5 
12.7 
12.7 
13'3 

14'4 
13% 
12.0 
11'1 
11.1 
10.8 
11'1 
11'1 
11.1 
12.2 
13'0 
12.7 
.2:7 
3'0 
2.7 

- 
?eS. 
Lellt 
11'6 
11% 
11.6 
11% 
11'4 
11.4 
11% 
12.2 
12'2 
122 
12'5 
13'5 
12'2 
12.9 
12.2 
12'2 
12'2 
11'0 
11% 
12'0 
12.0 
11.6 
11.6 
11% 
2 0  
2.2 
.I% 
1 'G 
1 '6 
1'8 
1 *4 
1 '4 
1.4 
1 '4 
1 '(I 
1 '6 
2'0 
2'2 

2.2 
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Noon. 
2 
4 
fi 

I 
Date and Position. 

September 6th . 

September 7th . 

Lnt. 69" 41' N. 
Long. 7" 32' W. 

Septeniber 8th . 

Lnt. 89" 7' N. 1 
Long. (I" 35' W. 

September 9th . 

A t  Stornowny . 

jepteinber 10th 

THE DEPTHS OF TBE SEA. [CHAP. VII. 

6 
8 

10 
Midn 

2 
4 
6 
8 

10 
Noon 

2 
4 
6 
8 

10 
Midn 

2 
4 
6 
8 

10 
Noon. 

2 
4 
6 
8 

10 
Ridn. 

2 
4 
0 
8 

10 
Toon. 

2 
4 
6 
8 

10 
4idn. 

2 
4 

Deg 
Cenl 
125 
125 
125 
1 l i  
11'4 
10.5 
10.6 
12.2 
14'7 
15.5 
13.9 
13.3 
12.7 
12'5 
12.7 
12.2 
12'2 
12.7 
12.7 
13.6 
15.0 
14'4 
18.3 
15% 
13.3 
13.3 
13'3 
12.7 
13.3 
13.3 
13.3 
13.0 
13'3 
13.9 

14.4 
15.3 
15.5 
.8.5 
.5*5 
.3?J 
.44 

Do6 
Cent 
12.0 
12'2 
12.2 
11% 
11'6 
11'6 
11'9 
11'6 
119 
12.2 
12.2 
12.2 
12.2 
12'5 
12'2 
12.8 
11% 
11'9 
11.9 
12.2 
12'7 
12.7 
12.7 
12.7 
12'5 
12.5 
13.0 
13.0 
.2.7 
12.7 
.2*7 
2.7 
.2.7 
2.7 

2.7 
2.7 
2.7 
3.3 
2.7 
2.7 
2.7 

Date and Podttozl. 

September 10th 

At Stornowny . 

September 1 lth 

At Stornoway . 

September 12th 

9t Stornoway . 

September 13th 

n Loch Sheil- 
dag . . . . 

6 
8 

10 
Noor 

2 
4 
6 
8 

10 
Midn 

2 
4 
6 
8 

10 
Yoon 

2 
4 
6 
8 

10 
flidn 

2 
4 
6 
8 

10 
?oon 

2 
4 
6 
8 

10 
didn. 

2 
4 
6 
8 

10 

- 
z 
4 .  c$  
$2 
E 

Deg. 
Cent 
144  
18'0 
13'9 
16'3 
16'3 
15'0 
13'9 
12.7 
12'2 
11'6 
11'1 
11'1 
11'1 
11'1 
13.9 
15.3 
13'3 
11% 
11'4 
10'8 
9.7 
9'4 
9.1 

9'4 
11'4 
12'5 
.2*7 
2 '7 
.2.7 
1'1 
0 '5 
0.0 
1'1 
0.0 
9.1 
1.1 
1'1 
3'0 
2 '2 
4 1  
4'4 
3'9 

- 

8.9 

. . . - 

Deg. 
Cent. 
12.7 
12.7 
12.7 
13'3 
13'9 
13'6 
13.3 
13'3 
13'0 
12.7 
12.7 
12.7 
12.7 
12.7 
12.7 
12.7 
12'2 
12.7 
12.7 
12.7 
12.2 
12'2 
12'2 
12'2 
12.2 
12.2 
12.2 
12'2 
12'5 
12.5 
12.2 
12'2 
12'2 
12'0 
!1*6 
Ll'l 
. 1 '6 
.1*6 
2 '2 
2.0 
2 '2 
2 '2 
2'2 
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Deg. 
Ceut. 
12.7 
14'4 
14'4 
13'6 
13'0 
12% 
12'0 

I 

__- 
Deg. 
Cant, 
13.0 
13'3 
13'3 
12.7 
133 
13'0 
13'0 

1 Dnto and Posltlon. 

8. 
10 

Midn. 
2 
4. 
6 
8 
10 

September 13th 

Sopteinber 14th 

i 

Dug. 
Ceut. 
.13'0 
12.2 
12.2 
11.6 
.12*2 
12.6 
12-53 
11.6 

i 

5 
re" 

2 
4 
0" 
8 
10 

Noon. 
2 
4 
G 
8 
10 

Midn. 
2 
4 
6 
8 
10 

Noon. 
2 
4 

5 
q . 8,  
g o  
H 

-- 
DO& 
Cell t. 
13.9 
144 
13.9 
14.7 
193 
18% 
19'7 
19'4 
18.9 
17'4 
16'6 
16.1 
16% 
16'6 
16'6 
16.9 
17'7 
18.3 
19.4 
18'9 

I a- _-  
Den. I: I 

Abreast of Mull Noon. 
s 
4 
6 
8 
10 

Midn. 

11. SURFACE TEMPERATURES OBSERVED DURING TUE SUhlNER OF 1870. 

Data nnd Pualtlun. 

July 8th . . . 

Off Scilly Islunds 

July 7th . . . 

LRt. 48" 49' N. \ 
Long, go 35' w. j 

- 
e $  
f a  
$2 za 
@.d 

ncg. 
Cent. 
12-2 
12'7 
12% 
14.7 
13'6 
18.3 
17'4 
18'3 
18'3 
17'7 
17.2 
17'2 
16'6: 
16% 
16'0 
16'9 
16.4 
16'4 
16'4 

- 

17'2 
-- 

Date nxid POEitiOR. 

July 7th . . , 

July 8th . . . 

Lnt. 48' 31' N. 
Long, lo" 6'W, 

July 9th . . . 

6 
8 
10 

Midn 
e 
4 
6 
8 
10 

Soon 
2 
4 
6 
8 
10 

Midn 
2 
4 
6 
8 

Dl!& 
Cent. 
19'4 
17'2 
16'9 
1 6.6 
1Gti 
16.1 
169 
19.1 
20.8 

19.6 
20'0 
18% 
19'1 
17.7 
lo"% 
166 
16.1 
16'6 
16'1 
161 

Deg. 
Cent. 
16'4 
16'1 
16'4 
16.4 
16.1 
16.1 
16.1 
1G'P 
16'1 
17'2 
17'5 
17'6 
17'5 
17'2 
17.2 
1g.9 
16.9 
16.6 
16'6 
16'6 
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Dnte nnd Positiou. 

July 9th . 
Lat. 48" 26' N.' 1 
Long. 9' 43' W. 

July 10th . . 

Lat. 48" 28' N. 
Long. 9" 42' W. 1 

July 11th , . 

Lnt. 48" 8' N. 
Long. 90 18' w. 1 

July 12th . . 

I*&. 46" 26' N. 
Long. 9" 31' w. 1 

- 

5 
t3 

- 

10 
Noon. 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noon. 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noon, 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noon. 

2 
4 

Deg. 
Cent. 
173  
17.5 
16'4 
17.2 
16'4 
16'4 
16.6 
16.1 
16'1 
16'4 
16'6 
16.4 
173  
16'1 
17.7 
19.4 
19'6 
16'2 
16.1 
16'1 
16.1 
16'4 
16'4 
18'3 
18'6 
18'6 
18'4 
19'1 
17'3 
16'6 
17'2 
17.2 
17'2 
17.7 
17.4 
17.7 
18'6 
19'1 
19'4 
17'7 

Deg. 
Cent. 
16.6 
16% 
16'6 
16'6 
16'6 
16.1 
16'6 
16'4 
16'6 
16'4 
16.4 
16'4 
16% 
16'6 
16.9 
16.9 
16% 
16% 
16'1 
16'1 
16.6 
16'4 
16.1 
16.1 
16'6 
16'9 
17.2 
17'3 
17'4 
1S.C 
17.2 
17.7 
17'7 
17'7 
18.0 
18'3 
18'0 
18'2 
18'0 
18'0 

Date nnd Position. 

July 12th . . 

July 13th . , 

Lat. 44" 69' N. 
Long. 90 33' w. 1 

July 14th . . 

Cape Pinisterre, 
E. N. N. 
10 miles . . 

JL y 16th . . 

LRt. 42" 11' N. 
Long. 9" 13'W. 1 

6 
8 
10 

Midn. 
2 
4 
6 
8 

10 
Noon. 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 

10 

Noon. 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noon. 

2 
4 
6 
8 
10 

Midn. 

Deg. 
Cent. 
17'9 
16.6 
16.6 
16'6 
17.2 
17.5 
17.7 
18.6 
18'9 
19.7 
21'1 
22'5 
21'1 
17'5 
17'5 
17.2 
17'7 
17'2 
16.9 
18'3 
18'6 

18'6 

18.6 
19'1 
17.5 
18'6 
16'6 
16'6 
16'6 
16'6 
17'5 
18'3 
18'9 
20'0 
22.3 
21'2 
19.0 
17'9 
17'7 
18'9 

3% g.2 
E: 
h B  
- 
Deg. 
Cent. 
18'0 
18'0 
17.2 
17'7 
17.7 
183  
17.7 
17.5 
17.7 
18'2 
18'9 
18'9 
18'3 
18.3 
18'0 
18'0 
17'9 
17'2 
16'1 
16'1 
1B.5 

15 8 

15'8 
15'8 
16.8 
15% 
16'8 
10'1 
16'1 
16.6 
16'4 
16.9 
17'2 
16'4 
17'6 
17'9 
18'9 
18'9 
18'9 
19'3 
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Diito ond Position. 

July 16th . . 

At Vigo . . . 

July 17th . . 

At Vigo . . . 

July 18th . . 

1 Lat. 41" 65' N. 
Long. 9' 30' W. 

July 19th . , 

I Lilt. 40" 16' N. 
Long. 9'' 33' W. 
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2 
4 
G 
8 

10 
Koon. 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 

10 
goon. 

2 
4 
(I 
8 

10 
didn. 

2 
4 
6 
8 

10 
Voon. 

2 
4 
G 
8 

10 
didn. 

2 
4 
G 
8 

10 
Joon. 

- 
e! ;. E$ 
!% 
k" 

Dcg. 
ceut. 
15'5 
17'2 
18'3 
20'1 
23.2 
23% 
23% 
23'4 
21'6 
18'4 
17.7 
17'2 
17'7 
17'5 
17'7 
19'7 
22'2 
32'2 
26'6 
25'8 
22'5 
20'8 
20'0 
18% 
18'3 
17'7 
18'9 
19'4 
18'9 
19'1 
18% 
18'9 
18'9 
18'3 
18'3 
17.7 
17'7 
17'7 
19.4 
20'8 
20'1 
20'3 

- 

- 

2% 
2% 
$2 
h %  

DCg. 
cuut. 
19'0 
18'9 
17'9 
19.4 
17'9 
17'8 
17'9 
18'0 
17'2 
16'1 
16% 
16.9 
16'1 
16'5 
16% 
1G.4 
16'1 
16'4 
16.9 
15'8 
1G.4 
16'4 
16% 
16.2 
16'4 

16'1 
113% 

lG'2 
LG'3 
16'3 
16'4 
LG'G 
16% 
lG.4 
lG'9 
16'9 
16 9 
17'6 
17'7 
17'9 

Dato and I'ositfon. 

July 19th . . 

July 20th . . 

Lnt. 40" 0' N. i 
Long. 9' 49' W, 1 

July 21st. . . 

July 22nd . . 

Tho Furilhocs, 
S.S.E. 6 miles I 

s' 
B 

2 
4 
G 
8 

10 
hlidii, 

2 
4 
G 
8 

10 
Noon. 

2 
4 
G 
8 

'10 
R l i h .  

2 
4 
6 
8 

10 
Noon. 

2 
4 
6 
8 

10 
blidn. 

2 
4 
G 
8 
10 

NOGP. 
2 
4 
6 
8 

10 

I)C& 
Ceiit. 
203 
20-3 
19'5 
19'4 
18.9 
18'6 
18.3 
18'3 
19'4 
24'4 
23.3 
24'4 
25.5 
26'3 
233  
21'6 
21'3 
21.3 
21.1 
21'6 
23.3 
22.7 
24'5 
25.5 

25.0 
23'9 
21'8 
20.1 
19.6 
19.5 
1!)'4 
18'9 
20'0 
21'2 
26'0 
25'0 
23.9 
23'3 
23'9 
20'0 
18'9 

Dcg. 
C O l l t .  
18.0 
18'0 
17'9 
18'3 
18'4 
18.4 
18.3 
18'3 
18'4 
18-9 
20'5 
21'1 
21'1 
21.8 
21 '8 
19.7 
20'8 
20'5 
20.5 
10.7 
18'9 
19.4 
19'4 
19'4 
19'4 
19.7 
19.4 
19'4 
19'4 
19.1 
18.9 
18'9 
18'2 
18.3 
19'4 
18'9 
19'1 
20'5 
19'4 
19'4 
18.3 
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Dab aud Position. 

July 22nd . . 
July 23rd . . 

At Lisbon . . 

July 24th . . 

AtLkbon . . 

July 25th . . 

Lat. 38" 10' N. 
Long. 9" 29' W. 1 

July 26th . . 

6 
Ei 

- 
Midi 

2 
4 
6 
8 

10 
No01 

2 
4 
6 
8 

10 
Midr 

2 
4 
6 
8 

10 
Noon 

2 
4 
6 
8 

10 
Uidn 

2 
4 
6 
8 

10 
Noon 

2 
4 
6 
8 

10 
Midn 

2 
4 
6 
8 

10 

DCg. 
Cont. 
19'1 
18'9 
1 9 ' 3  
20'5 
23'3 
24'7 
22'5 
23'6 
21'6 
23'0 
20'6 
19'5 
20'1 
19.4 
19.4 
20'1 
20'8 
21'2 
24'1 
23.0 
22'1 
22'2 
20'5 
20'0 
19'4 
19'1 
19'0 
20.3 
20.4 
20'8 
21'8 
21'1 
20'8 
21'6 
20.0 
18'6 
18.0 
18'3 
18'3 
19.1 
19.4 
10'3 

Yeg. 
Csnt. 
18'0 
18'5 
19'4 
18'3 
20'5 
22'0 
21'1 
19'1 
20'0 
21.6 
20'3 
19'1 
19% 
18'6 
80.6 
21'6 
20'8 
20'1 
19'4 
20.5 
20.1 
21'2 
21'4 
20.0 
19'7 
20.0 
10.0 
19'1 
19'4 
19'1 
19'4 
19'4 
19'4 
19'4 
18'0 
17.7 
17.7 
17.4 
.7.7 
.9*1 
.9*1 
9'3 

Date nnd Position. 

Lat. 38" 17' N.' 
Long. 9" 23' W. 

July 27th , , 

Lat. 37" 16' N. 
Long. 90 12' w. 1 

July 28th . . 

LRt. 36" 55' N. 
Long. 8" 44' w. 1 

July 29th . , 

Lat. 36"45' N, 
Long. 8" 8'W. 1 

Noon 
2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noon. 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noon, 

2 
4 
6 .  
8 

10 
hlidn. 

2 
4 
6 
8 

10 
Nooii. 

2 
4 

Dng. 
Cent 

20'0 
20.0 
20'0 
20.0 
19'4 
20'0 
20'0 
19'4 
19.4 
19.4 
20'0 
21.3 
21'1 
23'3 
21'1 
80.0 
20'0 
19'4 
19.5 
19'4 
19'4 
19'1 
21.1 
21'1 
21% 
21% 
11.6 
20'5 
18'9 
18.9 
18.6 
18.3 
18.3 
21.1 
22.1 
23'0 
23.3 
23.3 
148 

g g  

2 3  
a7 
$ 2  
C %  

Dey. 
CCllt. 

18'9 
19.1 
19'1 
19'1 
19'1 
19'1 
19'0 
19'1 
19'1 
19'1 
19'0 
20-0 
20'3 
20.6 
20'6 
20'7 
20'5 
20.5 
20% 
20.3 
20'5 
20'0 
21'1 
21 2 
21'3 
21'6 
22.0 
20.6 
20'0 
19.4 
19'1 
19.7 
19-7 
21'6 
22'4 
22.2 
22-5 
22'3 
23'1 

a s  

- 
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Dnto nnd Positiun 

549 

c 
ZI 

i i  

July 29th . . 

July 30th . . 

July 3 l s t .  . . 

At Citdiz . . . 

August 1st . . 

At Cadiz . . . 

August 2nd . . 

0 
8 

10 
Midn 

2 
4 
6 
8 

10 
Noon 

2 
4 
6 .  
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noon. 

2 
4 
6 
8-  

10 
Midn. 

2 
4 
6 
8 

10 
Noon. 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 

IJeg 

22.2 
21'1 
21'1 
20'5 
20'3 
20.6 
20'5 
22'1 
2 3 3  

83'9 
25'3 
22'5 
22.8 
21 '6 
2 1 '6 
21'B 
21'1 
21'9 
21.9 
22'5 
24'5 
26.2 
25'1 
24'0 
24'0 
a3 '4 
22'7 
21'5 
22'3 
21'6 
22'6 
24'4 
24'1 
23'9 
23'6 
23'6 
21% 
21'6 
21% 
21'8 
21.9 
21'3 
21'6 

cent 

E d  
SG q 
2 2  
B% 

De& 

232.5 
22.3 
21.6 
21.6 
21'9 
22'2 
22'8 
22'5 
22'9 

23'1 
24'1 
24'1 
24.2 
24'1 
24.3 
24'3 
22'8 
23'3 
23'6 
24.1 
23'9 
24.0 
24'1 
24'3 
24'4 
24.4 
24.1 
24.1 
23.9 
22% 
23%) 
24.1 
24.4 
24.7 
24.4 
24.4 
23'3 
23.6 
23'9 
23'9 
23'3 
23'0 
23.3 

a m  

- 
Cent. 

-- ... .... ... 

Dnto nml Position. 

August 2nd . . 
Lnt. 36" 18' N. 1 
Long. 6" 45' W. f 

August 3rd . . 

Lnt. 35" 39 N. 
Long. 7' 4'w. 1 

August 4th . . 

Lat. 35"35' N. 
Long. 6" 24' W. 1 

October 1st  . . 

In Stiuit of 1 
Gibraltnr . . f 

L 

E 

- 

8 
10 

Noon 
2 
4 
G 
8 

10 
Midn 

2 
4 
(i 
8 

10 
Noon 

2 
4 
6 
8 

10 
Midn. 

2 
4 
6 
8 

10 
Noon 

2 
4 
6 
8 

10 
Midn, 

2 
4 
G 
8 

10 
Noon 

2 

El 
d .G aa E %  
P 

I 

Dog. 
Cont. 
21'7 
22'8 
22.8 
22'5 
22.7 
21'8 
21.2 
21'3 
21'1 
20'5 
20'5 
21'8 
23.7 
23'3 
21% 
22% 
24.1 
23'2 
21.8 
21'8 
22'5 
22.2 
22.2 
23'2 
23.9 
24'4 
25'0 

27'2 
25% 
24'4 
22'2 
22'2 
22.2 
17'4 
17'8 
18'0 
19'4 
22'1 
23'3 
24.1 

?06. 
Lent. 
23.2 
24.4 
23.0 
23.0 
23.0 
22.8 
22'2 
22.5 
22.2 
22'0 
22.0 
22.8 
28.2 
21'8 
22'0 
22.2 
22'2 
22.2 
22.2 
22.0 
22.0 
22.2 
22.2 
22.2 
22.2 
23.3 
23.3 
23.4 
23.3 
23.3 
21-8 
22'0 
22.2 
18'9 
18'9 
18.0 
17'9 
21'6 
22-2 
23.4 
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. 

Dnto nnd Position. 

October 3rd , . 

Lat. 38" 39' N. j 
Long. 9" 30' W. j 

October 4th . . 

Lnt. 40" 57' N. 
Long. 90 29' W. 1 

October 1st . . 

, 
October 2nd. . 

Lat. 36" 27' N. 
Long. 8" 31' W. 1 

THE DEPTHS OF (rI iE SEA. 

5 
6 

- 
4 
G 
8 

10 
Midn 

2 
4 
6 
8 

10 
Noon 

2 
4 
6 
8 

10 
Midn 

2 
4 
G 
8 

10 
Noon 

2 
4' 
6' 
8 

10 
Midn 

2 
4 
G 
8 

10 
Noon 

2 
4 
6 
8 

10 
Midn 

s 
$2 
...< 

;% 
h 

- 
Deg. 
Cent. 
22'5 
22.0 
21.1 
21'5 
20'8 
21'1 
21'3 
p.2 6 
24.7 
247 
21'1 
22'6' 
23'7 
20.5 
2P5 
20'9 
20'5 
20'0 
19'4 
19.1 
18'3 
18'6 
22'2 
21.6 
21'1 
20-5 
20'0 
20% 
20'5 
2U.8 
20'6 
21'1 
21% 
23'2 
22'2 
22.9 
22'2 
20'0 
20'3 
18'9 
19.3 

II 

Deg. 
Cent. 
P2.8 
22% 
22.9 
P2.2 
22% 
22.8 
233 
P29 
23.2 
23'3 
23'3 
23'4 
23'0 
22'5 
20'8 
20'8 
21.6 
11'1 
183 
20.8 
20'8 
20'5 
20'3 
20.5 
21'1 
20% 
19'8 
203  
20'5 
21'1 
21'1 
21'1 
21'5 
21'0 
21.9 
21.1 
21.0 
20'5 
20.4 
19.4 
19'4 

Ochber 5th . . 

Lnt. 43" 33' N. 
Long. 9e 3'w. 1 

October Gth . . 

Lat. 12' N. 1 
Long. 8" 8' W. 

October 7th . . 

Lat. 48" 51' N. 
Long. 6' 54' W. 

October 8th , . 

- . -. ._ 

2 
4 
6 
8 

10 
!Toon. 

2 
4 
6 
8 

IO 
rlidn. 

2 
4 
6 
8 

10 

Qoon. 
2 
4 
6 
8 

10 
hiidn 

2 
4 
6 
8 

10 
Noon 

2 
4 
G 
8 

10 
Midn, 

2 
4 
6 
8 

10 

[CHAP. VII. 

- 

s * .  .% 
4 

f 2  
h 

__ 
Deg. 
l'ent. 
18.3 
18% 
173 
17.2 
19'8 

20.0 
20.5 
19.8 
18.3 
1 i . D  
18.5 
18.3 
18.1 
18.3 
18'3 
18.9 
20.1 
20'0 
19% 
19'3 
18'3 
18'3 
17.9 
18'3 
18.8 
17% 
16.7 
1G'G 
17.5 
1'7.5 
17'7 
17.7 
15.3 
14.7 
15.3 
10'1 
15.5 
15.0 
16.6' 
16.1 
1G'G 

. . - - 

Deg. 
Cont. 
18.9 
19'4 
18.3 
17.2 
18-3 
17.7 
19.1 
19.3 
19'4 
18% 
19.4 
18'9 
19'4 
19'1 
18.9 
18'8 
18% 
18'4 

18% 
18'4 
18'0 
18'3 
18'3 
17.7 
16'6 
16.6 
16'6 
17'2 
17.2 
17.0 
16.9 
13'6 
13.6 
14'1 
144 
1 5 5  
15% 
15.8 
16.0 
16.1 
16.4 
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8 
10 

Midn. 

Date aiid Position. j I  

14'7 
15.5 
15'3 

St. &ban's Hd., 1, l- 
English Chan- Noon. 
n e l . .  . . , 

1 2  
1 4  I 

Deg.11 Ccut. 

/ October 6th . . 
16'0 At Cowes . . 
15'8 I 

I 
I 

I P .  8 

1 E%. 
6 15'0 

Des. 
CCllt. 

15'8 
16.7 
15'6 
15'5 

- 
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APPENDIX 13. . .  

Temperature of tlu? Sea at difewnt Depth near t h  Emtern 
Margin of the North Atlantic Basin, as ascertained by Serial 
and by Bottom Xoundings. 
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APPENDIX C. 

Compamtive Rates of Beduction of Temperature &t?L Increase of 
Depth at Three Stations in diferent Latitudes, all of them on 
the Eastern Margin of the Atlantic. Bm'i~. 

Depth. 

Fntllom. 

Sarfnco. 

100 

200 

300 

400 

600 

600 

760 

767 

STATION 42. 
Lat. 40' 12'. 

Teinpem- 
ture. 

17"' 0 C 

10 ' 6 

1 0 ' 2  

9.7 

9 ' 1  

8 ' 1  

7 ' 6  

6 . 8  

Difference. 

6"' 4 C. 

0'4 

0'6 

0 ' 6  

1 ' 0  

0 ' 6  

1 * 7  

6TATION 23. 
Lfit. 50° 13'. 

Tempem- 
tnre. 

14O' 0 c 

9 ' 1  

8 ' 9  

8 . 7  

8 ' 6  

7 ' 6  

6 ' 9  

DitTen?nce. 

4"' 9 c, 

0 ' 2  

0 ' 2  

0 ' 1  

1 ' 0  

0 ' 7  

STATION 81. 
Lnt. 50° 85'. 

Tempem- 
turn. 

110' 4 c. 

8'6 

8 ' 2  

8'1 

7 ' 8  

7 ' 3  

6 ' 1  

6 . 2  

DitTerenco. 

20' 9 c. 
0'3 

0 . 1  

0'3 

0'6 

1 ' 2  

0'9 
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9.6 
0 2  

THE BEPZ'flS OF THE SEA. 

160 

200 

[CtTAP. YTI. 

APPENDIX D. 

Teml~eraturc of the Sea at diflcrent Depths in the Warm and 
Cold Areas lying between the 2ITOrth of Scotland, the Sl~tland 
Islands, and the FEwe Islands; as nscertaiwed by Serial and 
by Bottom Soundin.9~. 

N.B.-Tho Romon numornls indicate tho ' Lightning ' Tcmpornturo Soundings, 
corrected for presauto. 

I W A R X  An% 

_. 

Deptl 

Fms. 
0 
53 

103 

150 

200 

300 

- 

400 

500 

G03 

700 

767 
-_ .. 

- 
'empc 
raturc 

Dog. 
Cent. 
11.4 
8.9 

8.5 

8 *3 

8.2 

8.1 

- 

7.8 

7.2 

G *1 

5.2 

sta- 
tion. 
No. 

73 
80 

71 
81 
84 

74 

a5 

60 
46 

89 
90 
49 

XII. 
47 xv. 

CVII 
KLV. 

sa 

Doptl 

- 
Fins. 

84 
92 

103 
142 
155 
190 

203 

355 
374 

446 
458 
475 

530 
642 
670 

620 
G50 

705 

uriac 
'cmpe 
attire 

Deg. 
sent. 

11.5 
11.8 

11.6 
11.8 
12.3 
12'1 

11.4 

11.4 
13.1 

11.7 
11.7 
12.0 

11.4 
12.2 
11.1 

11.1 
11.6 

11.9 

COLD AREA. 

. .- . _ _  

- 
Tornpo 
raturo 

Deg. 
Cont 

9 *8 
7.6 

7.2 

8 *2 

4 *2 

1 e2 
0.2 

__ 

-0.3 

-0.6 
-0.8 

-1.1 

-1.1 

-1.2 

- 1.4 

ser. 52. 

Tornpo- 
ruturo. 

Deg. 
Cent. 
11.1 
9.1 

8.6 

8 .o 
7 *6 

3.6 

- 

- 0.7 

-. 0.8 

str 
tior 
KO. 

- 

70 
69 
65 
61 
62 
60 
Ix 

63 

76 
64 

86 

56 
63 
X. 
53 

p11 
77 
69 

65 
57 

a5 

Deptb 

Fmn. 

66 
67 
75 
114 
125 
167 
170 

317 
345 
344 
363 

445 

480 
493 
500 
540 
550 
5110 
580 

105 
J32 

- _ _  

iulfa 
'omp 
rntur 

Der! 
Cent 

11.5 
119 
11.4 
10.: 
95 
9 ' j 
11.1 

- 

9 '4 
11.1 
10.2 
11.4 

12.0 

11.4 
11 '2 
10.5 
10.8 
11.6 
10 *6 
1115 

11.4 
11.1 

- 

l3nt ton 

rnturo 

Deg. 
Cent. 

7'3 
6.6 
6 *6 
7'2 
7-0 
6 *8 
6 .O 

Te11ip0. 

- 

- 1'0 - 1.2 
- 1.3 
-0.8 

- 1.1 
- 0.7 - 1.1 - 0.7 
- 0.7 -- 1.3 
- 1.3 
-1'3 

- 1.3 
- 0.8 

--- 
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Fnthoiii~. 
260 

290 

312 

362 

440 

355 

DO& De& 
Ccut. Cent. 
10'8 6'8 

11'2 6'3 

11'3 6'1 

11'8 3'0 

10'9 5.6 

APPENDIX E. 

Fntlioms. 
76 

7G 
84 

103 

20.7 

267 

Ivttermediate Bottom Tempeyaturm, showhy tlte Jfitermixture of 
Warm a d  Cold Curscnts on the Bordem of the Warn and 
Cold Areas. 

De& 
Cent. Cent. 
11'3 "" 9'3 I 76 

11'2 9'3 78 

11% 9'3 82 

11'6 9'2 83 

11.4 8'7 I 
I 

11'4 7% ! 16 
I 

Station. 
KO. 

72 

79 

73 

71 

74 

66 

Burfnco Bottom 
Deptli. 1 T e x m  Toinpera 

turn. 

A h 2  



CEAPTER VIII .  

THE GULF - S T R g A M .  

Tho Range of the ‘ Porcupine ’ Temperature Observations.-Low 
Temperatures universal at great Depths.-The Difficulty of in- 
vestigating Ocean Currents.-The Doctrine of a general Oceanic 
Circulation advocated by Captain Maury and by Dr. Carpenter.- 
Opinion expressed by Sir John Herschel.-Tho Origin and Exten- 
sion of the Gulf-stream-The Views of Captain Maury ; of Pro- 
fessor Buff; of Dr. Carpenter.-The Gulf-stream off the Coast of 
North America.-Professor Bache’s ‘ Sections.’-The Gulf-stream 
traced by the Surface Temperatures of the North Atlantic.-Mr. 
Findlay’s Views.-Dr. Petermann’s Telnpemture Charts.-Sources 
of the underlying Cold Water.-The Arctic Return Currents.- 
Antarctic Indraught. --Vertical Distribution of Temperature in 
the Korth Atlantic Basin. 

ALL the temperature investigations carried on in 
H.M.S.S. ‘ Lightning ’ and Porcupine ’ during the 
years 1868-69 and 1870, with the exception of a 
series of observations already referred to taken in 
the Mediterranean under Dr. Carpenter’s direction 
in the summer of 1870, were included within an area 
nearly 2,000 English miles in length by 260 in 
width, extending from a little beyond the Fderoe 
Islands, lat. 62” 30‘ N., to the Strait of Gibraltar, 
lat. 36” N. 

The greater Y part of this belt may be described as 
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the eastern border of the North Atlantic fringing 
Western Europe. A small but very interesting por- 
tion of it forms the channel between the Fsroe 
Islands and the North of Scotland, one of the chan- 
nels of communication between the North Atlantic 
and the North Sea; and a few soundings in shallow 
water to  the east of Shetland are in the shallow 
North Sea basin. It is evident, therefore, that the 
greater part if not the whole of this belt must par- 
ticipate in the general scheme of distribution of 
temperature in the North Atlantic, and must owe 
any peculiarities which its thermal conditions may 
present to some very general cause. 
All our temperature Observations, except the few 

taken in the ‘Lightning’ in 1868, were made with 
thermometers protected from pressure on Professor 
Miller’s plan, and the thermometers were individually 
tested by Captain Davis at  pressures rising to about 
three tons to the square inch before they were fur- 
nished to the vessel; they were also more than once 
reduced to the freezing-point during the voyage to 
ascertain that the glass had been in no way distorted. 
The results may therefore be received with absolute 
reliance within the limits of error of observation, 
which were reduced to a minimum by the care of 
Captain Calver. 

A large number of scattered observations, most 
of which have unfortunately been made with instru- 
ments which cannot thoroughly be depended upon 
for accuracy of detail,-the error, however, being 
probably in the direction of excess of heat,-esta- 
blished the singular fact that although the tempera- 
ture of the surface of the sea in equatorial regions 



358 THE DEPTIS OF THE SEA. [CHAP. VIII. 

Longkudo. 

may reach 30" C., at the greatest depths both in the 
Atlantic and in the Pacific the temperature is not 
higher than from 2" to 4' C., sometimes falling at 
great depths to 0" C. I quote from Mr. Prestwich's 
able presidential address to the Geological Society 
for the year 1871, a table of the most important of 
these earlier observations in the Atlantic and the 

Depth 
In 

FnthH. 

Pacific : '- 

34O40'W. 
34 60 
20 40 
26 6 
23 14 

10 67 
43 50 
64 80%'. 

7 59E. 

TEMPERATURE~ OF THE ATLAXTIC. 

780 
1400 
605 

1006 
l2OO 
886 

1051 
1074 
333 

Lati tudo. 

42O O'N. 
29 0 
7 21 
4 25 

15 3s. 
25 10 
29 33 
32 20 
38 12 

Latitude. 

Temperature. 

Llurfnce. 

16.7" C. 
24'4 
26.0 
27'0 
25'0 
19'6 . 
19.1 
21.6 
16'8 

Bottom. 

G.6" C. 
6'1 
2.2 
3'2 
4'1 
3'0 
2'0 
2'4 
3'0 

TEMPERATURES OF THE PACIFIC. 

Longitude. 

61" 34' N. 
28 52 
18 6 
4 32 

Chevalier. . 1837 
ll  . . lt.37 

Lenz . . . 1832 
Tesstln . . 1841 

11 . . 1841 
,l . . 1841 
>' . . 1841 

Lenz . . . 1832 
Tessan . . 1841 

161" 41' E. 
173 9 
174 10 
134 24 W. 

Equntor. 179 34 
21 14s .  I 196 
32 87 176 42E. 
43 47 I 80 6 W. 

Depth 
111 

Faths. 

- 
087 
600 
710 

2045 
1000 
916 
782 

lOG6 
- 

Temperature. 

8urfnce. 

11'8" C. 
25'6 
2&7 
27'2 
30'0 
27'2 
16.4 
13'0 

Bottom. 

2*5O C. 
5.0 
4.8 
1.7 
2.5 
2'2 
5'4 
2.3 

Observer and Dnto. 

Obsenw and Dnto. 

Tessan . . 1832 
Beechey. . 1828 . le36 
Ti:; 'Boneitel 1837 
Kotzebue . 1824 
Lenz . . . 1831 

), . . . 1834 
Tessan . . 1841 

l Address dolivered a t  the Annivermy Meeting of the Geological 
Society of London on the 17th of February, 1871, by Joseph Prest- 
wich, F.R.S. Pp. 36, 37. 
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To these may be added the observations of Lieu- 
tenant S. P. Lee, of the United States Coast Survey, 
who, in August 1847, recorded a temperature of 
2 O . 7  C. below the Gulf-stream at a depth of 1,000 
fathoms, lat. 36" 26' N., long. 73" 12' W.; and of 
Lieutenant .Dayman, who found the temperature at  
1,000 fathoms in lat. 61" N. and long. $0" W. t o  
be - O"4 C., the surface temperature being 12O.5 C. 
These results are fully borne out by the recent 
determinations of Captain Shortland, R.N., who 
observed a temperature of 3 O . 5  C. in deep water in 
the Arabian Sea between Aden and Bombay,' by 
those of Commander Chimmo, R.N., and Lieutenant 
Johnson, R.N., who found at  various points in the 
Atlantic a temperature of about 3 O . 9  C. at 1,000 
fathoms, and il slow decrease from that point to 
2,270 fathoms, where tho temperature registered by 
unprotected thermometers was Go% C., reduced by the 
necessary correction for pressure t o  about 1O.6 C.,2 
and finally by the temperature determinations of the 
' Porcupine ' expeditions, carefully conducted with 
protected instruments, but not carried nearer the 
tropics thau the latitude of the Strait of Gibraltar; 
and they appear to go far to establish a nearly uni- 
form temperature for abyssal depths, not far from 
the freezingpoint of fresh water. 

As it was evident that the low temperature for 
deep water in tropical regions could not be acquired 

Sounding Voyage of H.N.S. ' Hydra,' Captain P. F. Shortland. 

Soundings and Temperatures in the Gulf-stream. By Commander 
(Procoedings of the Royal Geographical Society, 

London : 1869. 

W. Chimmo, RN. 
vol. xiii.) 
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by contact with the surface of the crust of the 
earth, the inevitable conclusion seems to have been 
early arrived at that, if such temperatures existed, 
they must be due to  a general oceanic circuktion,- 
to surface currents of warm mater passing towards 
the poles, and cornpcnsating counter-currents of cold 
water from the poles towards the equator. Hum- 
boldt states that he showed, in 1812, “that the low 
temperature of the tropical seas at great depths could 
only be owing to currents from the poles to the 
equator.” 

D’Aubuisson, in 1819, also attributed the low 
temperature of the sea at great depths at or near 
the equator to the flow of currents from the 

But although the fact of the existence of currents 
lowering the temperature of deep water in equa- 
torial regions was admitted by various authorities 
in physical geography, little light was thrown upon 
the causes of this circulation. Latterly, the whole 
subject became obscured by the very general adop- 
tion of the doctrine already referred to of a perma- 
nent temperature of 4’ C. all over the world beyond 
a certain depth; and it was not until the publi- 
cation of Captain Maury’s fascinating book on the 
‘ Physical Geography of the Sea ’ had given an extra- 
ordinary stimulus to  the study of this department 
of science, that the question was again raised, 

It was natural from its geographical position, and 
from the much greater opportunity which it offered 
for the accumulation of the almost infinite number 

1 ~mgmei i t s  de GOoL et de ClimatoL Asiat., 1831. 
a Trait6 de GQognosie.-Quoted in the Anniversary Address to  the 

Geological Society of London, 1871. 
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of data required for the consideration of such sub- 
jects, that the basin of the North Atlantic should 
be selected for investigation, more particularly as 
peculiarities of climate seemed there to be limited in 
space, and well defined and even extreme in chtlractcr. 
f It seems at first somewhat singular that there7  
should be any room for question as to the causes, 
the sources, and the directions of the ocean currents 
which traverse the ocean in our immediate neigh- 
bourhood, and exercise a most important influence 
on our economy and well-being. The investigation 
is, however, one of singular difficulty. Some currents 
are palpable enough, going at a rate and with a force 
which make it easy to  detect them, and even cam- 
paratively easy t o  gauge their volume and define 
their path; but it seems that the great movements 
of the water of the ocean, those which produce the 
most important results in the transfer of tempera- 
ture and the modification of climate, are not of this 
character. These move so slowly that their surface 
movement is constantly masked by the drift of vari- 
able winds, and they thus produce no sensible effect 

The path and limits of such bodies of moving 
water can only be determined by the use of tho 
thermometer. The equalizing of the temperature 
of bodies of water in contact with one another and 
differently heated, by conduction, diffusion, and 
mixture, is however so slow, that we usually have 
but little difficulty in distinguishing currents from 

Up to the present time little had been done in 
determining the depth and mass of currents by the 

’ 

Lupon navigation. J 

\different sources. -I 
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thermometer, and under-currents were practically 
unknown; but the limits of surface currents had 
been traced with considerable precision by observa- 
tions of the temperature of the surface of the sea, 
even when the movement was so slow as not to be 
otherwise perceptible. The amount of heat received 
directly from the sun may be taken approximately 
to depend upon latitude only, and this heat is in 
addition to the heat of the surface water derived 
from other sources, whatever these may be. Observa- 
tions of surface temperature accordingly give us the 
heat derived directly from the sun in the region, and 
the heat derived from the same source during the 
passage of the water to the region, in addition t o  the 
original heat of the water ; if, therefore, the water of 
any region be derived from-that is to say, form part 
of-a movement of water from a polar source, and 
if the surface water of another area on the same 
parallel of latitude form part of an equetorial current, 
although in that particular latitude they receive in 
both cases the same amount of heat from the sun, 
there will be a marked difference in their tempera- 
ture. To take an extreme case; the mean tem- 
perature of the sea in the month of July off the 
Hebrides, in lat. 68" N., in the path of the Gulf- 
stream, is 13" C. ; while in the same latitude off the 
coast of Labrador, in the course of the Labrador 
current, it is 4 O . 5  C. 

The distribution of surface temperature in the 
North Atlantic is certainly very exceptional. A 
glance at the chart P1. VII., representing the general 
distribution of heat for the month of July, shows 
that the isothermal lines for that month, instead of 



ysical &rt of th wing the depth, and the general distribution of te 
for the mnth of July. 
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tending in the least to coincide with the parallels 
of latitude, run up into a series of long loops, some 
of then1 continued into the Arctic Sea. 

The temperature of the bordering land is not 
affected to any perceptiblc degree by direct radia- 
tion from the sea; but it is greatly affected hy the 
temperature of the prcvailing winds. Setting aside 
the still more important point of the equalization 
of ~ummer and winter temperature, the mean annual 
temperature of Uergen, lat. GO" 24' N., subject to 
the ameliorating influence of the prevailing south- 
west wind blowing over the temperate water of the 
North Atlantic, is G O . 7  C.; while that of Tobolsk, 
lat. 58" 13' N., is - 2"4< C. 

But the temperature of the North Atlantic and 
its bordering lands is not only raised above that 
of places on the same parallel of latitude having a 
'continental' climate, but it is grcatly higher than 
that of places apparently similarly circumstanced to  
itsel€ in the southern hemisphere. Thus the mean 
annual temperature of the %'%roe Islands, lat. 62" 2'N., 
is 7 O . 1  C., nearly equal to that of the Falkland Islands, 
1st. 52" S., which is 8O.2 C. ; and the temperature of 
Dublin, lat. 53" 21' N., is 9 O . G  C., while that of Port 
Famine, lat. 53" 8' S., is 6 O . 3  0. Again, the high 
temperature of the Korth Atlantic is not equally 
distributed, but is very marked in its determination 
to the north-east coast. Thus the mean annual 
temperature of Halifax (Nova Scotia), lat. 44" 39' N., 
is GO.2 C., while that of Dublin, lat. 53" 21' N., 
is 9 O . 6  C . ;  and the tcmpcrature of Boston (lZ,~ss.), 
lat. 42" 21' N., is exactly thc same as that of 
Dulilin. 
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This remarkable diversion of the isothermal lines 
from their normal direction is admittedly caused 
by ocean currents affecting the temperttture of the 
surface while conveying the warm tropical water 
towards the polar regions, whence there is a con- 
stant counterflow of cold water beneath to supply 
its place. 

We thus arrive at the well-known result that the 
temperature of the sea bathing the north-eastern 
shores of the North Atlantic is raised greatly above 
its normal point by currents involving an inter- 
change of tropical and polar water; and that the 
lands bordering on the Worth Atlantic participate 
in this amelioration of climate by the heat imparted 
by the water to  their prevailing winds. 

This phenomenon is not confined to the North 
Atlantic, although from its peculiar configuration 
and relation to the land that ocean presents the 
most marked example. A corresponding series of 
loops, not so me11 defined, passes southwards along 
the east coast of South America, and a very marked 
series occupies the north-eastern angle of the Pacific 
off the Aleutian Islands and the coast of California. 

Two principal views have been held as t o  the 
causes of the currents in the North Atlantic. One of 
these, which appears t o  have been first advanced in 
a definite form by Captain Maury, and which has 
received some vague SUppOrt from Professor Buff, is 
that the great currents and counter-currents of warm 
and cold water are due t o  a circulation in the watery 
shell of the globe, comparable to the circulation of 
the atmosphere,-that is to say, caused by tropical 
heat and evaporation, and arctic cold. 
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It is not easy t o  understand Captain Maury’s view. 
He traces all ocean currents to differences in specific 
gravity. He says : ‘‘ I f  we except the tides, and the 
partial currents of the sea, such as those that may be 
created by the wind, we may lay it down as a rule 
that all the currents of the ocean owe their origin t o  
the differences of specific gravity between sea-water 
at  one place and sea-mater at another ; for wherever 
there is such a difference, whether it be owing to dif- 
ference of temperature or to difference of saltness, 
&c., it is a difference that disturbs equilibrium, and 
currents are the conscquence.” These differences 
in specific gravity he attributes to two principal 
causes ; differences in temperature, and excess of salts 
produced by evaporation. Captain Maury explains 
his views as to  the first of these causes by an illustra- 
tion. “ Let us now suppose that all the water within 
the tropics t o  the depth of one hundred fathoms sud- 
denly becomes oil. The aqueous equilibrium of the 
planet would thereby be disturbed, and a general 
system of currents and counter-currents would be 
immediately commenced, the oil in an unbroken sheet 
on the surface running towards the poles, and the 
water as an under-current towards the equator. The 
oil is supposed, as it reaches the polar basin, to be re- 
converted into water, and the water to become oil as 
it crosses Cancer and Capricorn, rising to the surface 
in intertropical regions, and returning as before.” 
“Now, do not the cold water of the north, and the 
warm water of the gulf made specifically lighter by 
tropical heat, and which we see actually presenting 

By ’ The Physical Geography of the Sea, and its Meteorology. 
M. T. Maury, LL.D. 
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such a system of counter-currents, hold at least, in 
some degree, the relation of the supposed water and 

“Tliere can be no doubt that Maiiry concludes 
that the waters in intertropical regions are expanded 
by heat, and those in polar regions are contracted by 
cold, and that this tends t o  produce a surfacc-current 
from the equator tc the poles, and an under-current 
from the pdes to the equat~r .”~  

With regard to increased specific gravity produced 
by excess of salt, Captain Maury says,- 

“The brine of the ocean is the ley of the earth. 
From it the sea derives dynamical power, and its cur- 
rents their main strength.”’ “ One of the purposes 
which in the grand design it was probably intended 
t o  accomplish by leaving the sea salt and not fresh, 
was to impart to its watcrs the forces and powers 
necessary to make their circulation complete.”* “ In 
the present state of‘ our knowledge concerning this 
wonderful phenomenon (for the Gulf-stream is one 
of the most marvellons things in the ocean), we can 
do little more than conjecturc. But we have the 
causes in operation, which we may safely assume 
are among those concerned in producing the Gulf- 
stream. One of these is the increasecl*saltness of 
its water after the trade-winds have been supplied 
with vapour from it, be it much or little ; and the 
other is tlic diminished quantum of salt which the 

Part IIJ. On the Physical Cause of Ocean 
By James Croll, of the Geological Survey of Scotland. 

oil.” 

1 Captain Naui*y, op. cit. 
2 On Ocean Currents. 

Currents. 
(Philosophical hlngazine, October 1870.) 

8 Captaiu Maury, op. cit. Ibid. 
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Baltic and the noi*thcrn seas contain.” “ XOW, here 
we ham on one side the Caribbean Sea and Gulf of 
Mexico with their waters of brine; on the other, 
the great Polar Basin, the Baltic, and tlie Korth Sea, 
the two latter with waters that are but little more 
than brackish. I n  one set of these sea-basins the 
water is lieavy, in the other it is light. Between 
them tlie ocem intervenes; but water is bound to 
seek and to maintain its level; and here, therefore, 
we unmask one of the agents concerned in causing 
the Gulf-stream.” 

As Mr. James Croll has very clearly pointed out, 
Captain Maury’s two causes tend to neutralize each 
other. 

“Now it is perfectly obvious that if d3erence in 
saltness is to co-operate with difference in tempera- 
ture in the production of ocean curronfs, the saltest 
waters, and consequently tho densest, must be in 
the polar regions; and the waters least salt, and 
consequently lightest, must be in equaiorial and in- 
tertropical regious. Were tho saltest water at  the 
equator and the freshest at  the poles, it would tend 
to neutralize the effect due to heat, and, instead of 
producing a current, would simply tend t o  prevent 
the existence of the currents which otherwise would 
result from difference of temperature.” ‘‘ According 
to both theories it is the differences of density be- 
tween the equatorial and polar waters that gives rise 
t o  currents; hut according to the one theory, the 
equatorial waters are Zigldei* than the polar, whilst 
according to the otlier theory they are haauier than 
the polar. Either the one theory or the other may 

1 Captain Nanry, 01). cit. 2 lbid. 
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be true, or neither ; but it is logically impossible that 
both of these can, for tlie simple reason that the 
waters of the equator cannot at the same time be 
both lighter and heavier than the water at the poles.” 
(‘ So long as the two causes continue in action; no 
current can arise unless the energy of the one cause 
should happen t o  exceed that of the other, and even 
then a current will only exist t o  the extent by 
which the strength of the one exceeds that of the 
other.”’ 

It seems scarcely necessary to enter further into 
detail in roference to  Captah Maury’s theory of ocean 
currents, which is really chiefly remarkable for its 
ambiguity, and for the pleasant popular style in 
whicli it is advocated; since my friend and col- 
league Dr. Carpenter has latterly brought into great 
prominence what appears t o  be a modification of the 
same view, put in a more definite form. 

Professor Buff, in his excellent little volume on the 
Physics of the Earth, speaking of the layer of cold 
water derived from the Arctic seas which underlies 
the tropical ocean, and its method of transport, says : 
(‘ The following well-known experiment clearly illus- 
trates the manner of the movement. A glass vessel 
is to be filled with water with which some powder 
has been mixed, and is then to be heated at bottom. 
You mill soon see, from the motion of the particles 
of powder, that currents are set up in opposite direc- 
tions through the water. Warm water rises from the 
bottom, up through the middle of the vessel, and 
spreads over the surface ; while the colder, and there- 
fore heavier liquid, falls down at the sides of the 

’ J a m s  Croll, op. cit. 
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glass: Currcnts like these must arise in all water- 
bas& and even in the oceans if different parts of 
their surface are unequally heated.”’ 

This is of course a common class-experiment illus- 
trating convection. It is evidently impossible that 
movements of ocenn water can be produced in ’ this 
way, for it is well known that everywhere, except 
under certain exceptional circumstances in the polar 
basin, the temperature of the sea decreases from the 
surface to a minimum at the bottom, and t.ropica1 
heat is applied at the surface only. It. is singular 
that this irrelevant illustration should have been 
introduced by Professor Buff; for his account of the 
origin and extension of the Gulf-stream, which may 
be taken as the type and exponent of ocean currents, 
is quite consistent with the commonly received 
opinions. 

On working up the temperature results of the 
‘ Porcupine ’ expedition of 1869, DF. Carpenter satis- 
fied himself that the mass of comparatively warm 
water, 800 fathoms deep, which we had established as 
existing, and probably movisg in a north-easterly 
direction, along the west coasts of Britain and the 
Lusitanian peninsula, could not be an extension of 
the Gulf-stream, but must be due to a general circu- 
lation of the waters of the ocean comparable with 
the circulation of the atmosphere. 

‘‘ The influence of the Gulf-stream proper (meaning 
1 Familiar Lotters on tho Physics of the f i r t h ;  troating of the 

chief hfovemeuts of the Land, the Wator, and tho Air, and the Forces 
that give riso to thein. By IIenry Buff, Professor of Physics in the 
University of Giesaou. Edited by A. W. IIofmnnn, Ph.D., F.R.S. 
London : 1851. 

11 1) 
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by this the body of superheated water which issues 
through the ‘ narrows’ from tlie Gulf of Mexico), if 
it reaches this locality at  all- which is very doubtful 
-could only affect tlie most superficial stratum ; and 
the same may be said of the surface-drift caused’ 
by the prevalence of south-westerly winds, to which 
some have attributed the phenomena usually ac- 
counted for by the extension of the Gulf-stream to 
these regions. 
water which lies between 100 and 600 fathoms depth, 
and the range of whose temperature is from 48O 

I (8O.85 C.) to 42” ( 6 O . 5  C.), ’can scarcely be accounted 
for on any other hypothesis than that of a great 
general movement of equatorial water towards tlie 
polar area, of which movement the Gulf-stream con- 
stitutes a peculiar case, modified by local conditions. 
In  like manner the arctic stream which underlies 
the warm superficial strata in our cold area, con- 
stitutes a peculiar case, modified by the local condi- 
tions, to Be presently explained, of a great general 
movement of polar water towards tlie equatorial 

. area, which depresses the temperature of tlie deepest 
parts of the great oceanic basins nearly to the 
freezing-point.” 

A t  first Dr. Carpenter appears to have regarded 
this oceanic circulation as a case of simple convection. 
“To what, then, is the north-east movement of the 
mrarm upper stratum of the North Atlantic attpi- 
butable? I have attempted to show that it is part 
of a general interchange between polar and equa- 
torial waters, which is quite independent of any such 

1 A L3cture delivered at the ltoynl Institution, nbstrncted with 
Author’s signature in Nnt?we, vel. i. p. 486 (hfarch 10111, 1870). 

And the presence of the body of’..‘ 
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local accidents as those which produce the Gulf- 
stream proper, and which gives movement to a much 
larger and deeper body of water than the latter can 
affect. The evidence of such an interchange is two- 
fold-that of physical theory, and that of actual 
observation. Such a moveinent must take place, as 
was long since pointed out by Professor Buff; when- 
ever an extended body of water is heated at one part 
and cooled at another ; it is made use of in the warm- 
ing of buildings by the hot-water apparatus, and it 
was admirably displayed at the Royal Institution a 
few months since in the following cxperiment kindly 
prepared for me by Dr. Odling.” Dr. Carpenter 
then repcats Professor Buff’s couvection experiment, 
the heat being applied by a steam jet introduced 
vertically s t  one end of a narrow glass trough wliile 
a block of ice was wedged into the other end. 
“Thus a circulation was shon-n to  be maintained 
in the trough by the application of heat at one of its 
extremities and of cold at the other, the heated water 
flowing along the surfuce from the warm to the cold 
end, and the cooled water flowing along the bottom 
from the cold t o  the warm end; just as it has been 
maintained that equatorial water streams on the 
surface towards the poles, and that polar water 
returns along the bottom towards the equator, if 
the movement be not interfered with by interposed 
obstacles, or prevented by antagonistic currents 
arising from local peculiarities.” 

That such a movement cannot take place on this 
hypothesis has been already shown; and Dr. Car- 

A letter from Dr. Carpenter to tho Editor of 
N(tt?c~r, dated Gibraltar, August 1 l t h ,  1870. ( N n t z ~ r e ,  POI. ii. p. 334.) 

I 

l The Gulf-stream. 

U U ?  
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penter in a lecture to tlie Royal Geographical 
Society, in  an illustration drawn from two supposed 
basins, one under equatorial conditions and the other 
under polar, connected hy a strait,l says : “The effect 
of surface-heat upon the water of the tropical basin 
will be for the most part limited to  its uppermost 
stratum, and may here be practically disregarded. 
But the effect of surface-cold upon tlie water of the 
polar basin will be to reduce the temperature of its 
whole mass below the freezing-point of fresh water, 
the surface stratum sinking as it is cooled, by virtue 
of its diminished bulk and increased density, and being 
replaced by water not yet cooled to the same degree. 
The warmer water will not come up from below, but 
will be drawn into the hasin from the surface of the 
surrounding area; and since what is thus drawn 
away must be supplied from a yet greater distance, 
the continual cooling of the surface stratum in the 
polar basin will cause a ‘ set’ of water towards it to  
be propagated backwards through the whole inter- 
vening ocean in connection with it, until it reaches 
the tropical area.” And further on in the same 
address: “It is seen that the application of cold at 
the surfuce is precisely equivalent as a moving power 
to  that application of heat at  the bottom by which 
the circulation of water is sustained in every heating 
apparatus that makes use. of it.” No doubt the 
application of cold to the surface of a mass of water 
previously at  the same temperature throughout, would 

i On the Gibraltar Current, the Gulf-stream,, and the general 
Oceanic Circulation. By Dr. W. 13. Carpenter, P.R.S. Reprinted 
from the Proceedings of the Royal Geograpliical Society of London, 
1870. 
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have the same effect as the application of heat to 
the bottom, and in either case we: should have an 
instance of simple convection, the warmer under- 
water rising through a colder upper layel*; but 
that is not what we have in the polar sea; for the 
temperature of the 'arctic sea gradually sinks from 
a few fathoms beneath the surface to a minimum 
temperature, and consequent maximurn density, at  
the bottom. Therefore in this case the application 
of cold at the surface is not equivalent to  the appli- 
cation of heat to  the bottom in a hot-water heating 
apparatus, and Dr. Carpenter has shown that he is 
aware of this by requiring the backward propagation I 
of' a. surface-current. 

That a certain effect in increase of specific gravity 
must be produced by the cooling of the surface film 
of the arctic ocean there seems to be little doubt; 
but the area of maximum effect is very limited, and 
during the long arctic winter the greater part of that 
area is protected by a thick layer of ice, one of the 
worst possible conductors. 

It certainly appears t o  me that this cause is 
totally inadequate to  induce a powerful current of 
great depth, six thousand miles long and several 
thousand miles in width, the effect which Dr. Car- 
penter attributes to it. 

During the summer of 1870, and afterwards in 
1871, Dr. Carpenter made a series of observations on 
the current in the Strait of Givraltar. The existence 
of an under-current out of the Mediterranean was 
considered to  be established by these observations, 
and the conclusions arrived at  as to its cause did not 
differ materidly from those already very generally 

7 
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accepted. Dr. Carpenter believes, however, that the 
conditions in the Strait of Gibraltar and in the 
Baltic Sound aptly illustrate the general circulation 
in the ocean, and confirm his views. 

I quote from the general summary of Dr. Car- 
penter's address to the Geographical Society :- 

" The application of the foregoing principles to 
the particular cases discussed in the paper is as 
follows :- 

'6 VII1.-A vertical circulation is maintained in 
the Strait of Gibraltar by the excess of evaporation 
in the Mediterranean over the amount of fresh water 
returned into its basin, which at the same time 
lowers its level and i?zcreases its density; so that 
the surface inflow of salt water which restores its 
level (exceeding by the weight of salt contained 
in it the weight of fresh water which has passed off 
by evaporation) disturbs the equilibrium and pro- 
duces a deep outflow, which in its turn lowers the 
level, The same may be assumed to be the case 
in the Strait of Babelmandeb. 

'' 1X.-A vertical circulation is maintained in the 
Baltic Sound by an excess in the influx of fresh 
water into the Baltic; which at the same time' 
raises its level and diminishes its density, so as t o  
produce a surface outJEow, leaving the Baltic column 
t.he lighter of the two, SO that a deep injZow must 
take place to restore the equilibrium. The same 
may be assumed to be the case in the Bosphorus and 
Dardanelles. 

6' X.-A vertical circulation must, on the same 
principles, be maintained between polar and equa- 
torial waters by the difference of their temperatures : 
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the level of the polar water being rkduced, and i t s  
density increased by the surface-cold to which it is 
subjected, whilst a downward motion is also imparted 
to each stratum successively exposed to i t ;  and the 
level of equatorial water being raised and its density 
diminished by the surface-heal to which it is exposed. 
(The first of these agencies is by far the more effec- 
tive, since it extends to the whole depth of the water, 
whilst the second only affects, in any considerable 
degree, the superficial stratum.) Thus a movement 
will be imparted to  the upper stratum of oceanic 
water from the equator towards the poles, whilst a 
movement will be imparted to the deeper stratum 
from the poles towards the equator." 

It seems to me that the doctrine here propounded 
by my distinguished colleague, if I understand it 
aright, is open to the objection to which I have 
already referred in connection with the speculations 
of Captain Maury. 

If the currents flow in the direction and with the 
permanence accepted by Dr. Carpenter in the Strait 
of Gibraltar and in the Baltic Sound, if their flow 
and its direction be due to the causes to which Dr. 
Carpenter attributes them, and if there be any 
analogy whatever between the conditions of equi- 
librium of these inland seas and that of the outer 
ocean,-none of which propositions appear to me at  
all satisfactorily proved,-I should think that the vast 
equatorial region, the path of the trade-winds and the 
belt of vertical solar radiation, must, so far as eva- 
poration is concerned, resemble, or rather greatly 
exaggerate, the conditions of the Mediterranean. The 
consequent accumulation of salt,-through the whole 
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depth of course, the brine sinking downwards,-must 
greatly outweigh (I give this as what Petermann 
would call a gratuitous speculation) the slight ex- 
pansion caused by the heating of the surface layer. 
The more restricted arctic basin on the other hand, 
as was long ago pointed out by Capt. Maury, partici- 
pates to a certain extent in the characteristics of 
the Baltic; and I am greatly mistakcn if the low 
specific gravity of the polar sea, the result of the 
condensation and precipitation of vapour evaporated 
from the intertropical area, do not fully counter- 
balance the contraction of the superficial film by 
arctic cold. 

The North Atlantic ocean bears a proportion 
in depth to the mass of the earth considerably 
less than that of the paper covering an eighteen- 
inch globe to that of the globe it covers, while 
the film heated by direct solar radiation may be 
represented by its surface coating of varnish, 
and is not actually thicker than the height of 
St. Paul's. Physicists seem t o  find a difficulty in 
giving us the amount of palpable effect in pro- 
ducing currents in this shell of water, six thousand 
miles in length by three thousand in width and 
two miles in thickness, which may be due to causes 
such as those relied upon by Dr. Carpenter, acting 
under the peculiar circumstances and t o  the amount 
in which we find them in nature; and probably we 
are not yet in'a position t o  give them sufficient data 
to enable them to do SO.  Mr. Croll, a good authority 
in such matters, has attempted to  make some calcu- 
tions, and comes t o  the conclusion that none of them 
are sufficient t o  overcome the friction of water and to 
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produce any current whatever ; but in this view he 

myself inclined to believe that in a great body of 
salt water a t  different tempcratures, with unequal 

does not certainly receive universal support. 

amounts of evaporation, under varying barometric 
pressures, and subject to the drift of variable winds, 
.currents of all kinds, great and small, variable and 
more or less permanent, must be set up ;* but thc 
probable result appears to be reduced to a minimum 
when we find that causes, themselves of doubtful 
efficiency, actually antagonize one another ; and that 
we are obliged to trust for the h a 1  effect to the 
amount by which the least feeble of these-exceeds i the others iu  strength. Speaking in the total ab- 
seiice of all reliable data, it is my general impres- 
sion that, if we were to  set aside all other agencies, 
and to trust for an oceanic circulation to those con- 
ditions only which are relied upon by Dr. Carpenter, 
if there were any general circulation at all, which 
seems very problematical, the odds are rather in 
favour of a warm under-current travelling north- 
wards by virtue of its excess of salt, balanced by a 
surface return-current of fresher though colder arctic 
water. 

With regard, then, to this question of a general 
circulation caused by difference in  specific gravity, 
for the present I cordially endorse the opinion ex- 
pressed by the late Sir John Herschel in a cautious 

7 

1 James Croll, op. cit. 
a On tho Distribution of Tenlperatures in the North Atlantic. 

An Address delivered to the IIeteorological Society of Scotland a t  
the General Meeting of the Society July Sth, 1871, by Professor 
Wyville Thornson. 
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and excellent letter addressed to Dr. Carpenter--a 
letter which there is no impropriety in my quoting in 
full as it is already in  print, and which has a special 
interest as being probably one of the last written 
by Sir John Herschel on scientific subjects :- 

“ Co~r.rscwoon, April 91h, 1871. 

“MY DEAR Srn,--Many tlianlts for your paper on the Gib- 
raltar current and the Gulf-stream. Assuredly, after well con- 
sidering all you say, as well as th,e coinmon sense of the matter, 
and the experience of our hot-water circulation pipes in our 
greenhouses, &c., there is no refusing to adniit that an oceanic 
circulation of sonic sort must arise from mere heat, cold, and 
evaporation, as v e r a  cuusm, and you have brought forward with 
singular emphasis the more powerful action of the polar cold, or 
rather the more intense action, as its maximum effect is limited 
to a much smaller area than that of the maximum of equatorial 
heat. 

‘(The action of the trade and counter-trade winds, in like 
manner, cannot be ignored ; and henceforward the question of 
ocean currents will have to be studied under a twofold point of 
view. The wind-currents, however, are of easier investigation : 
all the causes lie on the surface; none of the agencies escape 
our notice ; the configuration of coasts, which mainly determines 
their direction, is patent to sight. It is otherwise with the other 
class of movements. They take place in the depths of the ocean; 
aiid their movenients and directions and channels of concentra- 
tion are limited to the configuration of the sea-bottom, ivliich 
has to be studied over its eiitire surface by the very imperfect 
method of sounding. 

( I  I am glad you succeeded in getting specimens of hlediter- 
ranean water near the place of the presumed salt spring of 
Smyth and 11Tollaston, mtilting it clear that the whole affair 
must have arisen from some accidental substitution of one 
bottle for another, or from evaporation. I never put any hearty 
faith in it. 
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“ So, after all, there is an under-current setting outwards jn 

Repeating my thanks for this interesting memoir, believe 
the Straits of Gibraltar. 

me, dear Sir, 
‘ I  Yours very truly, 

“+J. P. W. HERSCHEL. 
‘ I  Dr. W. B. Caipeuter.” 1 

Tlie second view, supported by ’ D i n .  Petermann of 
Gotha, and by most of the leading authorities in 
physical geography in Germany and Northern 
Europe, and strongly urged by the late Sir John 
Herschel in his ‘ Outlines of Physical Geography’ 
published in the year 1846, attributes nearly the 
whole of the sensible phenomena of heat-distribution 
in the North Atlantic to the Gulf-stream, and to the 
arctic return-curreiits which are induced by tlie 
removal of tropical water towards the polar regions 
by tlie Gulf-stream. I f  we for LL moment admit that 
to the Gulf-stream is due almost exclusively the 
singular advantage in climate which the eastern 
borders of the North Atlantic possess over the 
western, tlie origin of this great current, its extent 
and direction, and tlie nature and amount of its 
influence, become questions of surpassing interest. 
Before considering these, however, it will be well 
to define what is here meant by the term ‘Gulf- 
stream,’ for even on this point there has been a good 
deal of misconception. 

I mean by the Gulf-stream that mass of heated 
water which pours from the Strait of Florida across 
the North Atlantic, and likewise a wider but less 
definite warm current, evidently forming part of tho 
same great movement of water, which curves north- 

’ Nature, vol. iv. p. 7L 
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wards to the eastward of the West Indian Islands. 
I am myself inclined, without hesitation, to  regard 
this stream as simply the reflux of tlie equatorial 
current, added to  no doubt during its north-easterly 
course, by the surface-drift of the anti-trades which 
follows in the main the same direction. 

The scope and limit of tlic Gulf-stream will be 
better understood if we inquire in the first place into 
its origin and cause. As is well known,-in two 
bands, one t o  the north and the other to the south 
of the equator,-the north.-east and south-east trade- 
winds, reduced to meridional directions by the east- 
wapd frictional impulse of the earth's rotation, drive 
before them a magnificent surface current of hot 
water 4,000 miles long by 450 miles broad at an 
average rate of thirty miles a day. Off the coast of 
Africa near its starting-point t o  the south of the 
Islands of St. Thomas and Anna Bon, this 'Equa- 
torial Current' lias a speed of forty miles in the 
twenty-four hours, and a temperature of 23" C. 

Increasing quicltly in bulk, and spreading out 
more and more on both sides of the equator, it flows 
rapidly due west towards the coast of South America. 
At the eastern point of South America, Cape St. 
Roque, the equatorial current splits into two, and 
one portion trends southwards t o  deflect the isotherms 
of 21', 15'5, lo', and 4 O . 5  C. into loops upon our maps, 
thus carrying a scrap of comfort t o  the Palkland 
Islands and Cape Hoorn ; while the northern portion 
follow the north-east coast of South America, gaining 
continually in temperature under the influence of the 
tropical sun. I ts  speed lias now increased t o  sixty- 
eight miles in twenty-four hours, and by the union 
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with it of the maters of the river Amazon, it rises to 
one hundred miles (6.5 feet in a second), but it soon 
falls oE again when it gets into the Caribbean sea. 
Flowing slowly through the whole length of this sea, 
it reaches the Gulf of Mexico through the Strait of 
Yucatan, when a part of it stveeps immediately round 
Cuba ; but the main stream “having made the circuit 
of the Gulf of Rlexico, passes through the Strait of 
Florida; thence it issues as the ‘ Gulf-stream ’ in a 
majestic current upwards of thirty miles broad, two 
thousand two hundred feet deep, with an averago 
velocity of four miles an hour, and a temperature of 
8(i” Fahr. (30” C).” The hot water pours from the 
strait with a decided though slight north-easterly 
impulse on account of its great initial velocity. Mr. 
Croll calculates the Gulf-stream as equal to a stream 
of water fifty miles broad and a thousand feet deep 
flowing at a rate of four miles an hour; consequently 
conveying 5,675,690,000,000 cubic feet of water per 
hour, or 133,81Ci,320,000,000 cubic feet per day. This 
mass of water has a mean temperature of 16’ C. as it 
passes out of the gulf, and on its northern journey it 
is cooled down to 4O.5, thus losing heat to the amount 
of 1 3 O . 5  C. The total quantity of heat therefore trans- 
ferred from the equatorial regions per day amounts 
to something like 154,959,300,000,000,000,000 foot- 
pounds.2 

This is nearly equal to the whole of the heat 

Physical Geography. From the ‘Encyclopaedia Britannicn.’ By 
Sir John F. W. Horschel, Bart., 1C.II.P. 

On Ocean Currents. By Jamos Croll, of the Geological Survey of 
Scutland. Part I. Ocean Currents in relation to the Distribution of 
&nt over tho Globe (Philosophicnl Magaziiio. FuLrun1.y 1870.) 

Edinburgh, 1861, p. 49. 



382 3’11E ,DEPTHS OF THB SEA. ICUAP. VIII. 

received from the sun by the Arctic regions, and, 
reduced by a half t o  avoid all possibility of exaggera- 
tion, it is still equal to one-fifth of the whole amount 
received from the sun by the entire area of the North 
Atlantic. The Gulf-stream, as it issues from the Strait 
of Florida and expands into the ocean on its north- 
ward course, is probably the most glorious natural 
phenomenon on the face of the earth. The water is 
of a clear crystalline transparency and an intense 
blue, and long after it has passed into the open sea it 
keeps itself apart, easily distinguished by its warmth, 
its colour, and its clearness; and with i t5  edges so 
sharply defined that a ship may have her stem in 
the clear blue stream while her stern is still in the 
common water of the ocean. 

“The dynamics of the Gulf-stream have of late, 
in the work of Lieutenant Maury already mentioned, 
been made the subject of much (we cannot but think 
misplaced) wonder, as if there could be any possible 
ground for doubting that it owes its origin entirely 
to the trade-winds.” 1 Setting aside the wider ques- 
tion of the possibility of a general oceanic circulation 
arising from heat, cold, and evaporation, I believe 
that Captain Maury and Dr. Carpenter are the only 
authorities who of late years have disputed this 
source of’ the current which we see, and can gauge 
and measure as it passes out of the Strait of Florida ; 
for it is scarcely necessayy t o  refer to the earlier 
speculations that it is caused by the Xississippi river, 
or that it flows downwards by gravitation from a 
6 head ’ of mater produced by the trade-winds in the 
Caribbean sea. 

’ Hcrscliel, np. cit. p. 31. 
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Captain Maury writes1 that “ the  dynamical force 
that calls forth the Gulf-stream is to be found in the 
difference as to  specific gravity of intertropical and 
polar waters.” “ The dynamical forces which are 
expressed by the Gulf-stream may with as much pro- 
priety be said to reside in those northern waters as 
in the West India seas: for on one side we have the 
Caribbean sea and Gulf of Mexico with their waters 
of brine; on the otlier the grea8t polar basin, the 
Baltic, and the North Sea, the two latter with waters 
which are little more than brackish. In  one set of 
these sea-basins the water is heavy; in the other it is 
liglit. Between thein the ocem intervenes ; but water 
is bound to seek and to maintain its level ; and here, 
therefore, we unmask one of those agents concerned 
in causing the Gulf-stream. What is the power of this 
agent ? Is it greater than that of other agents ? and 
how much? We cannot say how much; we only 
know it is one of the chief agents concerned. More- 
over, speculate as we may as to all the agencies con- 
cerned in collecting these waters, that have supplied 
the trade-winds with vapour, into the Caribbean Sea, 
and then in driving tliein across the Atlantic, we are, 
forced to conclude that the salt which the trade-wind 
vapour leaves behind it in the tropics has to be con- 
veyed away from the trade-wind region, to be mixed 
up again in due proportion with the other water of 
the sea-the Baltic Sea and the Arctic Ocean included 
-and that these are some of the waters, at  least, 
which we see running off through the Gulf-stream. 
To convey them away is doubtless one of the offices 
which in the economy of the ocean has been assigned 

1 ~ l n u ~ j ’ a  Pliysicnl Geogrnphy of the Sea, op. cit. 
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to  f i t  as for the seat of the forces which put 
and keep the Gulf-stream in motion, theorists may 
place them exclusively on one side of the ocean vi th  
as much philosophical propriety as on the other. 
Its waters find their way into the North Sea and 
Arctic Ocean by virtue of their specific gravity, while 
water thence, bo take their place, is, by virtue of its 
specific gravity and by counter-currents, carried back 
into the gulf. The dynamicd force which causes the 
Gulf-stream may therefore be said to  reside both in 
the polar and in the intertropical waters of the 

According to  this view, the tropical water finds its 
way on account of its greater weight towards the poles, 
while the polar water, owing t o  its less weight, moves 
southwards to  replace it. The general result would 
be of course a system of warm under- and cold 
sudace-currents, and these we do not find. I merely 
quote the passage as a curious illustration of the 
adage that on most questions a good deal can be 
said on both sides. 

We have already considered the doctrine of a general, 
oceanic circulation, which has been so strongly ad- 
vocated of late by Dr. Carpenter, and I have merely 
to  advert in this place t o  the bearing which that 
doctrine has upon our views as t o  the origin of the 
Gulf-stream ; its bearings on the extension and dis- 
tribution of ihe current mill be discussed hereafter. 
As already stated, I>r. Carpenter attributes all the 
great movements of ocean wuter to a general con- 
vective circulation, and of this general circulation 
lie regards the Gulf-stream as a peculiarly modi- 
fied case. In the passage already quoted (p. 370) of 

CAtlantic.” 
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his address t o  the Royal Institution, Dr. Carpenter 
states, that “ the Gulf-stream constitutes a peculiar 
case, modified by local conditions,” of “ a great 
general movement of equatorial water towards the 
polar area.” I confess I feel myself compelled to 
take a totally different view. It seems to me that 
the Gulf-stream is the one natural physical pheno- 

principal oause, the drift of the trade-minds, can be 

The further progress and extension of the Gulf- 
stream through the North Atlantic in relation to  
influence upon climate has been, however, a fruitful 
source of controversy. The first part of its course, 
after leaving the strait, is sufficiently evident, for 
its water long remains conspicuously different in 
colour and temperatnre from that of the ocean, 
and a current having a marked effect on naviga- 
tion is long perceptible in the peculiar Gulf-stream 
water, “Narrow at first, it flows round the penin- 
sula of Florida, and, with a speed of about 70 or 
80 miles, follows the coast at first in a due north, 
afterwards in a north-east direction. At the lati- 
tude of Washington it leaves the North American 
coast altogether, keeping its north-eastward course ; 
and to the south of the St. George’s and New- 
foundland Banks it spreads its waters more and 
more over the Atlantic Ocean, as far as the Apores. 
At these islands a part of it turns southwards again 
towards the African ‘coast. The Gulf-stream has, 
so long as its waters are kept together along the 
American coast, a temperature of 26’4 C.; but, 
even under north latitude 36”, Sabine found that 

menon on the surface of the earth whose origin and 7 
most clearly and easily traced. I 

c c  
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23O.3 C. at the beginning of December, while the 
sea-water beyond the stream showed only 1 6 O . 9  C. 
Under north latitude 40-41" the water is, accord- 
ing to  Humboldt, at  22O.5 C. within, and 1 7 O . 5  C. 
without the stream." 

The Gulf-stream off the coast of North America 
has been most carefully examined by the officers of 
the United States Coast Survey, at first under the 
superintendence of Professor Bache, and latterly 
under the direction of the present able head of the 
bureau, Professor Pierce. In 1860 Professor Bache 
published an account of the general result.2 Four- 
teen sections through the GuU-stream had been care- 
fully surveyed at intervals of about 100 miles along 
the coast-the first almost within the Gulf of Mexico, 
from Fortingas to Havana, and the last off Cape 
Cod, lat. 41" N., where the stream loses all parallel- 
ism with the American coast and trends to the east- 
ward. These sections fully illustrate the leading 
phenomena during this earlier part of its course 
of this wonderful current, which Professor Bache 
well characterizes as '( the great hydrographic feature 
of the United States." 

Opposite Fortingas, passing along the Cuban coast, 
the stream is unbroken and the current feeble; the 
temperature at the surface is about 26O.7 C. Issuing 
from the Strait of Bemini the current is turned 
nearly directly northwards by the form of the land ; 

1 Professor Buff, op. cit. p. 199. 
* Lecturo on the Gulf-atream, prepared at the request of the 

American Aesociation for the Advancemont of Science, by A.  D. Bache, 
Suporintendent U.S. Const Survey. From tho American Journal of 
science and Arts, V O ~ .  XXX. November 1860. 
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a little t o  the north of the strait, the rate is from 
three to five miles an hour. The depth is only 325 
fathoms, and the bottom, which in the Strait of 
Florida was a simple slope and counter-slope, is 
now corrugated. The surface temperature i s  about 
26O.6 C., while the bottom temperature is 4'5; SO 

that in the moderate depth of 325 fathoms the equa- 
torial current above and the polar counter-current 
beneath have room t o  pass one another, the current 
from the north being evidently tempered considcr- 
ably by mixture. North of Mosquito inlet the 
stream trends t o  the eastward of north, and off St. 
Augustine it has a decided set t o  the eastward 
Between St. Augustine and 'Cape Hatteras the set 
of the stream and the trend of the coast differ but 
little, making 6" of easting in 6" of northing. At 
Hatteras it curves t o  the northward, and then runs 
easterly. In the latitude of Cape Charles it turns 
quite to the eastward, having a velocity of from a 
mile to a mile and a half in the hour. 

A brief account of one of the sections will best 
explab the general phenomena of the stream off the 
coast of America. I will take the section following 
a line at right angles t o  the coast off Sandy Hook. 
From the shore out, for a distance of about 250 
miles, the surface temperature gradually riscs from 
21" to 24" C.; at 10 fathoms it rises from 19" t o  22" C. ; 
and at 20 fathoms it maintains, with a few irregu- 
larities, a temperature of 19" C. throughout the whole 
space; while at 100, 200, 300, and 400 fathoms it 
maintains in like manner the respective temperatures 
of 8 O . 8 ,  5 O . 7 ,  4"%, and 2'5 C. ' This space is therefore 
occupied by cold water, and observation has SUE- 

c c 2  
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ciently proved that the low temperature is due t o  
a branch of the Labrador current creeping down 
along the coast in a direction opposite to that 
of the Gulf-stream. I n  the Strait of Florida this 
cold stream divides-one portion of it passing under 
the hot Gulf-stream water into the Gulf of Nexico, 
while the remainder courses round the western end 
of Cuba. 240 miles from the shore the whole mass 
of water takes a sudden rise of about lo" C. within 
25 miles, a rise affecting nearly equally the water a t  
all depths, and thus producing the singular pheno- 
menon of two masses of water in contact-one 
passing slowly southwards, and the other more 
rapidly northwards, at widely different temperatures 
at the same levels. This abutting of the side of the 
cold current against that of the Gulf-stream is so 
abrupt that it has been aptly called by Lieutenant 
George M. Bache the ' Cold wall.' Passing the cold 
mall we reach the Gulf-stream, presenting all its 
fipecial cliaracters of colour and transparency and of 
temperature. In  the section which we have chosen 
as an example, upwards of three hundred i d e s  in 
length, the surface temperature is about 26"% C., 
but the heat is not uniform across the stream, for 
we find that throughout its entire length, as far 
south as the Cape Canaveral section, the stream is 
broken up into longitudinal alternating bands of 
warmer and cooler water. Off Sandy Hook, beyond 
tlie cold wall, the stream rises to a maximum of 
27"*8C., and this warm band extends for about 60 
miles. The temperature then falls to a minimum of 
26O.5 C., which it retains for about 30 miles, when 
a second maximum of 27'94 succeeds, which includes 
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the axis of the Gulf-stream, and is about 170 miles 
wide. This is followed by a second minimum of 
25O.5 C., and this by a third maximum, when tho 
bands become indistincf. It  is singular that the 
minimum bands correspond with valley-like depres- 
sions in the bottom, which follow in succession the 
outline of the coast and lodge de3p southward exten- 
sions of the polar indraught. 

The last section of the Gulf-stream surveyed by 
the American Hydrographers extends in a south- 
easterly direction from Cape Cod, lat. 41" N., and 
traces the Gulf-stream, still broken up by its bands 
of unequal temperature, spreading directly eastward 
across the Atlantic; its velocity has, however, now 
become inconsiderable, and its limits are best traced 
by the thermometer. 

The course of the Gulf-stream beyond this point 
has given rise to much discussion. I again quote 
Professor Buff for what may be regarded as the 
view most generally received among Physical Geo- 
graphers :- 

'' A great part of tho warin water is carried partly 
by its own motion, but chiefly by the prevailing west 
and north-west winds, towards the coasts of Europe 
and even beyond Spitzbergen and Nova Zembla; and 
thus a part of the heat of the south reaches far into 
the Arctic Ocean. Hence, on the north coast of the 
old Continent, we always find driftwood from the 
southern regions, and on this side the h c t i c  Ocean 
remains free from ice during a great part of the year, 
even as far up as SO" north latitude; while on the 
opposite coast (of Greenland) the ice is not quite 
thawed even in summer." The two forces invoke& 
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by Professor Buff to perform the work are thus the 
vtk a tergo of the trade-wind drift, and the direct 
driving power of the anti-trades, producing what 
has been called the anti-trade drift. This is quite 
in accordance with the views here advocated. The 
proportion in which these two forces act, it is un- 
doubtedly impossible in the present state of our 
knowledge to determine. 

Mr. A. G. Findlay, a high authority on all hydro- 
graphic matters, read a paper on the Gulf-stream 
before the ,Royal Geographical Society, reported in 
the 13th volume of the Proceedings of the'society. 
Mr. Findlay, while admitting that the temperature 
of north-eastern Europe is abnormally ameliorated by 
a surface-current of the warm water of the Atlantic 
which reaches it, contends that the Gulf-stream proper, 
that is to say the water injected, as it were, into 
the Atlantic through the Strait of Florida by the 
impulse of the trade-winds, becomes entirely thinned 
out, dissipated, and lost, opposite the Newfoundland 
banks about lat. 45" N. The warm water of the 
southern portion of the North Atlantic basin is still 
carried northwards ; but Mr. Findlay attribute8 this 
movement solely t o  the anti-trades-the south-west 
winds-which by their prevalence keep up a balance 
of progress in a north-easterly direction in the surface 
layer of the mater. 

Dr. Carpenter entertains a very strong opinion that 
the dispersion of the Gulf-stream may be affirmed to 
be complete in about lat. 45" N. and long. 35" W. 
Dr. Carpenter admits the accuracy of the projection 
of the isotherms on the maps of Berghaus, Dove 
ketermann, aud Keith Johnston, and he admits like- 



caar. VIII.] THE GULF-STREAX. 331 

wise the conclusion that the abnormal mildness-of the 
climate on the north-western coast of Europe is due 
to a movement of equatorial water in a north-easterly 
direction. “What I question is the correctness of 
the doctrine that the north-east flow is an extension 
or prolongation of the Gulf-stream, still driven on 
by the vis a tergo of the trade-winds-+ doctrine 
which (greatly to my surprise) has been adopted and 
defended by my colleague Professor Wpville Thom- 
son. But while these authorities attribute the whole 
or nearly the whole of this flow to  the true Gulf- 
stream, I regard a large part, if not the whole, of 
that which takes place along our own western coast, 
and passes north and north-east between Iceland and 
Norway towards Spitzbergen, as quite independent 
of that agency; so that it would continue if the 
North and South American continents were so com- 
pletely disunited that the equatorial currents would 
be driven straight onwards by the trade-winds into 
the Pacific Ocean, instead of being embayed in the 
Gulf of Mexico and driven out in a north-east direc- 
tion through the ‘ narrows ’ off Cape Florida.”’ Dr. 
Carpenter does not mean by this t o  endorse Mr. 
Findlay’s opinion that the movement beyond the 
45th parallel of latitude is due solely t o  the drift of 
the anti-trades; he says, “ On the view I advocate, 
the north-easterly flow is regarded as due to the 
vis a fronte originating in the action of cold upon 
the water of the polar area, whereby its level is 
always tending to depression.”2 The amelioration 
of the climate of north-western Europe is thus 

Dr. Carpenter : Proceedings of the Royal Geographical Society for 
1870, op. cit. 2 Op. cit. 
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caused by a ‘ modified case’ of the general oceanic 
circulation, and neither by the Gulf-stream nor by 
the anti-trade drift. 

.Although there are, up to the present time, very 
few trustworthy observations of deep-sea tempera- 
tures, the surface temperature of the North Atlantic 
has been investigated with considerable care. The 
general character of the isothermal lines with their 
singular loop-like northern deflections, has long 
been familiar through the temperature charts of the 
geographers already quoted, and of late years a pro- 
digious amount of data have been accumulated both 
abroad and by our own Admiralty and Meteoro- 
logical Department. 

In  1870, Dr. Petermann, of Gotha, published1 an 
extremely valuable series of temperature charts, 
embodying the results of the reduction of upwards 
of 100,000 observations, derived chiefly from the 
following sources :- 

1. From the wind and current charts of Lieu- 
tenant Maury, embodying about 30,000 distinct 
temperature observations. 

2. From 50,000 observations made by Dutch sea- 
captains, and published by the Government of the 
Netherlands. 
3. From the journal of the Cunard steamers be- 

tween Liverpool and New York, and of the steamers 
of the Montreal Company between Glasgow and 
Belleisle. 

4. From the data collected by the secretary of the 

Der Golf-Strom und Standpunkt der thermometrischen Kenntniss 
de8 Nord-Atlantischen Oceans und Landgebietes im Jahre 1870. 
Justus Perthe’e ‘ Geographische Mittheilungen,’ Band 16. Gotha, 1870. 
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Scottish Meteorological Society, Mr. Buchan, with 
regard t o  the temperature of the sea on the coasts 
of Scotland. 

5. From the publications of the Norwegian Insti- 
tute on sea-temperatures between Norway, Scotland, 
and Iceland. 

6. From the data furnished by the Danish Rear- 
Admiral Irminger on sea-temperature between Den- 
niarlc and the Danish settlements in Greenland. 

7. From the observations made by Earl Dufferin 
on board liis yacht ‘Foam’ between Scotland, Ice- 
land, Spitzbergen, and Norway. 

And finally, from the recent observations collected 
by the English, Swcdish, German, and Russian ex- 
peditions to the arctic regions and towards the 
North Pole. 

Dr. Petermann has devoted the special attention 
oE a great part of his life to the distribution of heat 
on the surface of the ocean, and the accuracy and coii- 
scientiousness of his work in every detail are beyond 
the shadow of a doubt. Plate VII.  is in the main 
copied from his charts, with a few modifications and 
additions derived from additional data. The remark- 
able diversion of the isothermal lines from their 
normal course is undoubtedly caused by surface occan- 
currents conveying warm tropical water towards the 
polar regions. This is no matter of speculation, for 
the current is in many places perceptible through 
its effect on navigation, and the path of the warm 
water may be traced by dipping the thermometer 
into it and noting its tempcrature. 

In  the North Atlantic every curve of equal tem- 
perature, whether for the summer, for the winter, for 
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a single month, or for the whole year, instantly 
declares itself as one of a system of curves which 
are referred to the Strait of Florida as a source of 
heat, and the flow of warm water may be traced in 
a continuous stream, indicated when its movement 
can no longer be observed by its form,-fanning out 
from the neighbourhood of the Strait across the 
Atlantic, skirting the coasts of France, Britain, and 
Scandinavia, rounding the North Cape and passing 
the White Sea and the Sea of Kari, bathing thio 
western shores of Novaja , Semla and Spitzbergen, 
and finally coursing round the coast of Siberia, a 
trace of it still remaining t o  find its way through 
the narrow and shallow Behring’s Strait into the 
North Pacific (see Plate VII.). 

Now, it seems to me that if we had only these 
curves upon the chart, deduced from an almost in- 
finite number of observations which are themselves 
merely laboriously multiplied corroborations of many 
previous ones, without having any clue t o  their 
rationale, we should be compelled to admit that 
whatever might be the amount and distribution of 
heat derived from a general oceanic circulation,- 
whether produced by the prevailing winds of the 
region, by convection, by unequal barometric pres- 
sure, by tropical heat, or by arctic cold,-the Gulf- 
stream, the majestic stream of warm water whoso 
course is indicated by the deflections of the isother- 
mal lines, is sufficiently powerful to  mask all tho 
rest, and, broadly speaking, t o  produce of itself all 
the abnormal thermal phenomena. 

Porcu- 
pine’ have an important bearing upon this question, 

The deep-sea teinpmtures taken in the 
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since they give us the depth and volume of the mass 
of water which is heated above its normal tempera- 
ture, and which we must regard as the softener of 
the winds blowing on the coasts of Europe. Refer- 
ring td Fig. GO, in the Bay of Biscay, after passing 
through a shallow band superheated by direct radia- 
tion, a zone of warm water extends t o  the depth of 
800 fathoms, succeeded by cold water t o  a depth of 
nearly two miles. In  the Rockall channel (Fig. 69) 
the warm layer has nearly the same tlricltness, and 
the cold underlying water is 500 fathoms deep. Off 
the Butt of the h w s  (Fig. 66) the bottom tem- 
perature is 5 O . 2  C. at 767 fathoms, so that there 
the warm layer evidently reaches to the bottom. 
I n  the F&oo channel (Fig. 65) the warm water 
forms a surface layer, and the cold water underlies 
it, commencing at a depth of 200 fathoms,--lj67 
fathoms above the level of the bottom of the warm 
water off the Butt of the Lews. The cold water 
abuts against the warm-there is no barrier between 
them. Part of the warm water flows over the 
cold indraught, and forms the upper layer in the 
P&roe channel. What prevents the cold water from 
slipping, by virtue of its greater weight, under the 
warm water off the Butt of the Lews? It is quite 
evident that there must be some force at work 
keeping the warm water in that particular position, 
or, if it be moving, compelling it t o  follow that 
particular course. The comparatively high tem- 
perature from 100 fathoms to 900 fathoms I have 
always attributed to the northern accumulation of 
the water of the Gulf-stream. The amount of heat 
derived directly from the sun by the water as it 
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passes through any particular region, must be re- 
garded, as I have already said, as depending almost 
entirely upon latitude. Taking this into account, 
the surface temperatures in what we were in the 
habit of calling the ' warin area ' coincided precisely 
with Petermann's curves indicating the northward 
,path of the Gulf-stream. 

I extract the following from a letter dated 23rd 
September, 1872, from Professor IF. Mohn, director of 
the Norwegian Meteorological Institute at  Christiania, 
to Mr. Buchan, the excellent secretary of the Scottish 
Meteorological Society :-" I have this summer got 
some deep-sea temperatures which may be of general 
interest for OUT climate. I n  the Throndlijems-fjord 
I found 16O.5 C. on the surface, and froin 50 fathoms 
to the bottom (200 fathoms) a very uniform teinpera- 
ture of 6 O . 5  C. in one place, and 6" C. in another 
place further in. In the Smguefjord I found 16" C. 
on the surface, and 6 O . 5  C. constantly from 10 to 
700 fathoms. Between Iceland and P&roe, Lieu- 
tenant Muller, commander of the Bergen and Iceland 
steamer, has found this summer 8" C. at  the bottom 
in 300 fathoms. This proves t,liat the Gulf-stream 
water ,fills the wholo of the channel, contrary to 
what is the case in the F&roe-Shetland channel, 
where there is ice-cold water in a depth of 300 
fathoms." The facts here mentioned are very 
important, and entirely confirm our results ; but my 
chief object in giving the quotation is to show the 
unhesitating way in which tlie explanation which 
attributes the high temperature of the sea on the 
Scandinavian coast t o  the Gulf-stream is adopted by 
those best qualified to form an opinion. 
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The North Atlantic and Arctic seas form together 
a cul de sac closed to the northward, for there is 
practically no passage for a body of water through 
Behring’s Strait. While, therefore, a large portion 
of tlic water, finding no free outlet towards the 
north-east, turns southward at  the Aqores, the re- 
mainder, instead of thinning off, has rather a ten- 
dency to accumulate against the coasts bounding 
the northern portions of the trough. We accordingly 
find tha,t it has a depth off the west coast of Iceland 
of at least 4,800 feet, with an unknown lateral 
extcnsion. Dr. Carpentcr, discussing this opinion, 
says: ‘‘ It is to me physically inconceivable that 
this surface film of lighter (because warmer) water 
should collect itself together again-even supposing 
it still t o  retain any excess of temperature-and 
,should burrow downwards into the trough,’ dis- 
placing colder and heavier water, t o  a depth much 
wreater than that which it possesses at the point of 7 its greatest ‘ glory ’-its passage through the Florida 
Narrows. The upholders of this hypothesis have to 
explain how such a re-collection and dipping-down 
of the Gulf-stream water is to be accounted for on 
physical principles.” I believe that as a rule, 
experimental imitations on a sinall scale are of little 
use in the illustration of natural phenomena; a very 
siniple experiment will, however, show that such a 
process is possille. If  we put a tablespoonful of 
cochineal into a can of hot water, so as to give it 
a red tint, and then run it through a piece of india- 
rubber tube with a considerable impulse along 
surface of a quantity of cold water in a bath, we see 

’ Dr. Carpenter’s Address to Geographical Society, op. tit. 
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the red stream widening out and becoming paler 
over the general surface of the water till it reaches 
the ,opposite edge, and very shortly the rapidly 
heightening colour of a band along the opposite 
wall indicates an accumulation of the coloured water 
where its current is arrested. If we now dip the 
hand into the water of the centre of the bath, a warm 
bracelet merely encircles the wrist ; while at the end 
of the bath opposite the warm influx, the hot water, 
though considerably mixed, envelopes the whole hand. 

The North Atlantic forms a basin closed to the 
northward. Into the comer of this basin, as into a 
bath,-with a north-easterly direction given t o  it by 
its initial velocity, as if the supply pipe of the bath 
were turned so as t o  give the hot water a definite 
impulse,-this enormous flood is poured, day and 
night, winter and summer. When the basin is full 
-and not till then-overcoming its northern impulse, 
the surplus water turns southwards in a southern 
eddy, so that  there is a certain tendency for the 
hot water to accumulate in the northern bash, 
t o  ‘ bank down’ 

It is scarcely necessary to say that for every unit 
of wjter which enters the basin of the North 
Atlantic, and which is not evaporated, an equivalent 
must return. As cold water can gravitate into the 
deeper parts of the ocean from all directions, it is 
only under peculiar circumstances that any move- 
ment having the character of a current is induced; 

An Address delivered to the Royal United 
Service Institution Juno 15th’ 1871. By J. X. Laughton, M.A., 
Naval Instructor at the Royal Naval College. (Prom the Jouiaal of 
the Institution, vol. XV.) 

along the north-eastern coasts. 

Ocean Currents. 
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these circumstances occur, howevei*, in the confined 
and contracted communication Between the North 
Atlantic and the Arctic Sea. Between Cape Fare- 
well and North Cape there are only two channels 
of any considerable depth, the one very narrow 
along the east coast of Iceland, and the other 
along the east coast of Greenland. The shallow 
part of the sea is entirely occupicd, at all events 
during summer, by the warm water of the Gulf- 
stream, except at one point, where a rapid current 
of cold xater, very restricted and very shallow, 
sweeps round the south of Spitzbergen and then 
dips under the Gulf-stream water at the northern 
entrance of the German Ocean. 

This cold flow, at first a current, finally a mere 
indraught, affects greatly the temperature of tho 
German Ocean; but it is entirely lost,, for the slight 
current which is again produced by the great con- 
traction at the Strait of Dover, has a summer tem- 
perature of 7"-6 C. The path of the cold indraught 
from Spitzbergen may be readily traced on the map 
by the depressions in the surface isothermal lines, and 
in drcdging by the abundance of gigantic amphi- 
podous and isopodous crustaceans, and other well- 
known Arctic animal forms. 

From its low initial velocity the Arctic return 
current, or indraught, must doubtless tend slightly 
in a westerly direction, and the higher specific gravity 
of the cold water may probably even more power- 
fully'lead it into the deepest channels; or possibly 
the two causes niay combine, and in the course of 
ages the currents may hollow out deep south- 
westerly grooves. At all events, the main Arctic 
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return currents me very visible on the chart taking 
this direction, indicated by marked deflections of 
the iscthermal lines. The most marked is the 
Labrador current, which pa'sses down inside the 
Gulf-stream along the coasts of Carolina and New 
Jersey, meeting it in the strange abrupt 'cold 
mall,' dipping under it as it issues from tlie Gulf, 
coming to the surface again on the other side, 
and a portion of it actually passing, under the Gulf- 
stream, as a cold counter-current into the Gulf of 
Mexico. 

Fifty or sixty miles out: from the west coast of 
Scotland, I believe thc Gulf-stream forms another, 
though a very mitigated, 'cold wall.' In  1868, 
after our first investigation of' the very remarkable 
cold indraught into the channel betwecn Shetland and 
FGroe, I stated my belief that the current was entirely 
banked up in the F&roe Channel by the Gulf-stream 
passing its gorge. Since that time I have been led 
t o  suspect that a part of the Arctic water oozes down 
the Scottish coast, much mixed, and sufficiently 
shallow to be affected throughout by solar radiation. 
About sixty or seventy miles from shore the isother- 
mal lines have a slight but uniform deflection. 
Within that line types characteristic of the Scandi- 
navian fauna are numerous in shallow water, and 
in the course of many years' use of the towing net 
I have never met with any of tlie Gulf-sti*eam 
pteropods, or of the lovely Polycystina and Acantho- 
metrina which absolutely swarm beyond that limit. 
The difference in mean temperature between the 
east and west coasts of Scotland, amounting to 
about l "C. ,  is also somewhat less than might be 
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expected if the Gulf-stream came close to the western 
shore. 

While the coinmunication between the North 
Atlantic, and the Arctic Sea-itself a second czd 
de sac-is thus restricted, limiting the interchange of 
warm and cold water in the normal direction of the 
flow of the Gulf-stream, and causing the diversion of 
a large part of the stream to  the southwards, the 
communication with the Antarctic basin is as open as 
the day ;-a continuous and wide valley upwards of 
2,000 fathoms in depth stretching nortbwards along 
the western coasts of Africa and Europe. 

That the southern water wells up into this valley 
there could be little doubt from the form of the 
ground; hut here again we have curious corroborative 
evidence on the map in the remarkable reversal of the 
curves of the isotherms. The temperature of the bot- 
tom water at  1,230 fathoms off Rockall is r . 2 2  C., 
exactly the same as that of water a t  the same depth in 
the serial sounding, lat. $7'38' N., long. 12" 08'W. in 
the Bay of Biscay, which affords a strong presumption 
that the water in both cases is derived from the same 
source ; and the bottom water off ltockall is warmer 
than the bottom water in the Bay of Biscay ( 2 5  C.), 
while a cordon of temperature soundings drawn from 
the north-west of Scotland to  a point on the Iceland 
shallow gives no temperature lower than e.5 C. This 
makes it very impobable that the low temperature 
of the Bay of Biscay is due to any considerable por- 
tion of the Spitzbergen current passing down the west 
coast of Scotland; and as the cold current to  the' 
east of Iceland passes southwards considerably to the 
westward, afi indicated on the map by the successive 

D D  
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depressions in the surface isotherms, the balance of 
probability seems t o  be in favour of the view that the 
conditions of temperature and the slow movement of 
this vast mass of moderately cold water, nearly two 
statute miles in depth, are to  be referred t o  an 
Antarctic rather than t o  an. Arctic origin. 

The North Atlantic Ocean seems to  consist first of 
a great sheet of warm water, the general northerly 
'reflux of the equatorial current. Of this the greater 
part passes through the Strait of Florida, and its 
north-easterly flow is aided and maintained by the 
anti-trades, the whole being generally called the 
Gulf-stream. This layer is of varying depths, ap- 
parently from the observations of Captain Chimmo 
and others, thinning to a hundred fathoms or so in 
the mid-Atlantic, but attaining a depth of 700 to 800 
fathoms off the west coasts of Ireland and Spain. 
Secondly of a ' stratum of intermixture ' which ex- 
tends to about 200 fathoms in the Bay of Biscay, 
through which the temperature falls rather rapidly ; 
and thirdly, of an underlying mass of cold water, 
in the Bay of Biscay 1,500 fathoms deep, derived as 
an indraught falling in by gravitation from the 
deepest available source, whether Arctic or Antarctic. 
It seems at first sight a startling suggestion, 
that the cold water filling deep ocean valleys in the 
northern hemisphere may be partly derived from 
the southern; but this difficulty, I believe, arises 
from the idea that there is a kind OP diaphragm at 
the equator between the northern and southern ocean 
basins, one of the many misconceptions which follow 
in the train of a notion of a convective circulation in 
the sea similar to that in the atmosphere. There is 
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undoubtedly a gradual elevation of an intertropical 
belt of the 'underlying cold mater, which is being 
raised by the subsiding of still colder mater into its 
bed to supply the place of the water removed by the 
equatorial current and by excessive evaporation ; but 
such a movement must be widely and irregularly 
diffused and excessively slow, not in any sense com- 
parable with the diaphragm produced in the atmo- 
sphere by the rushing upwards of the north-east and 
south-east trade-winds in tlie zone of calms. Perhaps 
one of the most conclusive proofs of the extreme 
slowness of the movement of the deep indraught is 
the nature of the Bottom. Over a great part of the 
floor of the Stlantic a deposit is being formed of 
microscopic shells, These with their living inha- 
bitants differ little in specific weight from the water 
itself, and form a creamy flocculent layer, which must 
be a t  onco removed wherever there is SL perceptible 
movement, In  water of moderate depth, in the 
course of any of the currents, this deposit is entirely 
absent, and is replaced by coarser or finer gravel. 

It. is only on the surface of the sea that it line is 
drawn between the two hemispheres by the equatocial 
current, whose effect in shedding a vast intertropical 
drift, of water on either side as it breaks against the 
eastern shores of equatorial land may be seen at  a 
glance on the most elementary physical chart. 

The Gulf-stream loses an eiiorinous amount of beat 
in it>s northern tour. At a point 200 miles west of 
Ushant, where observations at the greatest depths 
were made on board the 'Porcupine,' a section of 
the mater of the Atlantic shoivs three surfaces at 
which interchange of temperature is taking place. 

7) I) 2 
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First, the surface of the sea-that is t o  say, the 
upper surface of the Gulf-stream layer-is losing 
heat rapidly by radiation, l)y contact with a layer of 
air which is in constant motion a id  being per- 
petually cooled liy convection, and hp the con- 
version of water into vapour.' As this cooling of 
the Gulf-stream layer takes place principally a t  the 
surface, the temperature of the mass is kept prettg 
uniform by convection. Sccondly, the band of con- 
tact of the lower surface of the Gulf-stream water 
with the upper surhce of the cold indraught. Here 
the interchange of' tciiipeixturc must be very slow, 
though that it does take place is shown by the 
slight depression of the surface isotherms over the 
principal paths of the indraught. But there is a 
good deal of iiitermixt ure extending tlirough a con- 
siderable layer. The cold water being beneath, 
convection in the ordinary sense cannot occur, and 
interchange of temperature must depend mainly 
upon conduction and diffusion, causes which in the 
case of masses of water must be almost secular in 
their action, and probably to a much greater extent 
upon mixture produced by local currents and by 
the tides. The third surface is that of contact be- 
tween the cold indraught and the bottom of the 
sea. The temperaturc of the crust of the earth 
has been variously calculated at  from 4 O  to 11" C., 
but it must be coinpletely cooled down by anything 
like a movenieiit and constant renewal of cold water. 

' On Deep-sea Climates. The Su1)stance of a Lecture dolivered to 
the Natural Scierico Class in QIieen'B College, Eclfast, at the close of 
the Siiiiiincr Session 1 HTO, by Professor Wyville Thomsoii. ( N r r t w s ,  
July 28tl1, 1PiO.)  
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All we can say, therefore, is that contact with the 
bottom can iiever be a source of depression of tern- 
perature. As a general result the Gulf-stream water 
is nearly uniform in temperature throughout tlie 
greater put of its depth; there is a marked zone 
of intermixture at  the junction between tlie warm 
water and the cold, and thb water of the cold 
indraught is regularly stratified by gravitation ; 
so that in deep water the contour lines of the 
sea-bot torn are, speaking generally, lines of equal 
temperature. Keeping in view the enormous in- 
fluence which ocean currents exercise in the dis- 
tribution of climates at  tlic present time, I think 
it is scarcely going too far to suppose.: that such 
currents-movements cominunicated to the water by 
constant winds-existed at  all geological periods as 
the great means, I had alinost said the sole means, 
of producing a general oceanic circulation, and thus 
distributing heat in the ocean. They must have 
existed, in fact, wlierever equatorial land inter- 
rupted the path of the drift of the trade-winds. 
Wherever a warm current was deflected to north 
or south from the cquatorial belt a polar indrauglit 
crept in beneath to supply its place; and the ocean 
consequently consisted, as in the Atlantic and 
doubtless in the Pacific at  the present day, of an 
upper warm stratum, and a lower layer of cold 
water becoming gradually colder with increasing 
depth. 

I fear, then, that in opposition to the views of 
my distinguislied colleague, I must repeat ,that I 
have sceii as yet no reason to modify the opinion 
whicli I have consistently held fiom the first, that 



the remarkal~lc conditions of climate on the coasts 
of Northern Europe arc due in a broad sense solely 
to the Gulf-stream. That is to say, that although 
movements, some of them possibly of considerable 
importance, must be produced loy differences of spe- 
cific gravity, yet the influence of the great current 
which we call the Gulf-stream, the reflux of the 
great equatorial c~irreiit, is so paramount as to reduce 
all other causes to utter insiguificance. 



CHAPTElt IX. 

THE DEEP-SEA FAUNA. 

The Protozoa of the De~p-sca--natlL~l,E'?LS.--' C'occoliths,' and ' Cocco- 
spheres.'-The Foraminifera of tlic \\'arm and Cold Areas.-Deep- 
sea Sponges. - The I.Iexactinollidm. - Rossel1ci.- Hya1onema.- 
hep-sea  Corals.--The Stalked Crinoids.-f'ciituo.~ll~ls.-lr'lLizo- 
o h i s .  - B u t ? ~ y c ~ i m i ~ .  - The Stnr.fishes of the I)eep-sca.-The 
general Distribution and Relations of Deep-sea Urchins.-The 
Crustacea, the Mollusca, and tho Fishos of the ' Porcupine ' Expo- 
ditions. 

THE time has not yet arrived for giving anything 
like a detailed account of the deep-sea fauna; even 
if it were possible to do so in a popular sketch of 
the general results of a wide investigation. 1: must 
therefore confine myself at  present t o  a brief outline 
of the distribution of the forms of animal life which 
were met with in the belt partially examined during 
the ' Porcupine ' dredgings, a belt which carries the 
British zoological area about a hundred miles further 
out to seaward along the northern and western coasts 
of the British Tsles, and into depths extending from 
200 fathoms, the previous limit of accurate know- 
ledgo, to  800 and 1,000 fathoms, and in one or two 
instances to the extreme depth of upwards of 2,000 
fathoms. 
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The remarkable general result that even t o  these 
great depths the fauna is varied and rich in all the 
marine invertebrate groups, has inundated us with 
new material which in several of' the larger depart- 
ments it will take years of the labour of specialists 
to work up. While referring very briefly to  those 
orders which it has been found impossible as yet t o  
overtake, I will enter a little more fully into the 
history of certain restricted groups which more par- 
ticularly illustrate the conditions o i  the abyssal 
region, and the relations of its special fauna to the 
faunae of other zoological provinces, or to those of 
earlier times. And very prominent among these 
special groups we find the first and simplest of the in- 
vertebrate sub-kingdoms, the Protozoa, represented 
by three of its classes,-the monera, the rhizopoda, 
and the sponges. 

The monera have been lately defined as a distinct 
class by Professor Ernst Haeckel,' for a vast assem- 
blage of almost formless beings, apparently abso- 
lutely devoid of internal structure, and consisting 
simply of living and moving expansions of jelly-like 
protoplasm ; and although the special character on 
which Haec14 Beparates them from the remainder of 
the protozoa,-that they are propagatcd by 110 form 
of sexual reproduction, but simply by spontaneous 
division,--may probably prove deceptive as our know- 
ledge increases, still their number, their general 
resemblance to one another, presenting obviously 
different and recognizable kinds although with very 
indefinable characters, and the important part which 

Von Dr. Ernst Haeckel, Professor an der Biologische Studien. 
Universikit Jenn. Lcipzig, 1870. 



they play in the economy of nature, would seem to 
entitle them to a systeniatic position of more than 
ordinal value. The German naturalists of the new 
school, in their enthusiastic adoption of the Dar- 
winian theory of evolution, naturally welcome in 
these ‘moners’ the essential attribute of the ‘Ur- 
schleim,’ an infinite capacity for irnprovement in 
every conceivable direction ; and to more prosaic 
physiologists they are of the deepest interest, as 
presenting the essential plienomena of life, nutri- 
tion and irritability, existing apparently simply as 
the properties of a l~ornogcncous chemical compound, 
and independent of organization. 

Tlie monera pass into the rliizopoda, wl~icli give 
a slight indication of advance, in the definite form 
of the gracefiil calcareous shcll-like structures which 
most of them secrete, and the two groups may be 
taken together. 

The dredging at 2,435 fathoms at  the mouth of 
the Bay of Biscay gave a very fair idea of the coli- 
clition of the bottom of tlic sea over an eiiormous 
area, as we know from many observations which 
have now been inade, with the various sounding 
instruments contrived to lxing up a sample of tlie 
bottom. On that occasion tlie dredge brought up 
about 18 cwt. of calcareous mud. Tliere could be 
little doubt, from the appearance of the contents of 
the dredge, that the heavy dredge-frame had gone 
down with a plunge, and partly buried itself in 
the soft, yielding bottom. The throat of the dredge 
thus became partly cholred, a ~ ~ d  the free entrance 
of the organisms on the sea-floor had been thus 
prevented. The mattcr coiitai~icd in thc dredge con- 



sisted mainly of a compact ‘mortar,’ of a bluisli 
colour, passing into a thin-evidently superficial- 
layer, much softer and more creamy in consistence, 
and of a yellowish colour. Under the microscope the 
surface-layer was found to consist chiefly of entire 
shells of Globigerina bulloicles (Fig. 2, p. 22), large 
and small, and fragments of such shells mixed 
with a quantity of amorphous calcareous matter in 
fine particles, a little fine sand, and many spicules, 
portions of spicules, and shells of Radiolaria, a few 
spicules of sponges, and a few frustules of diatoms. 
Below the surface-layer the sediment becomes 
gradually more compact, and a slight grey colour, 
due probably to the decomposing organic matter, 
becomes more pronounced, while perfect shells of 
globigerina almost entirely disappear, fragments be- 
come smaller, and calcareous mud, structureless and in 
a fine state of division, is in greatly preponderating 
proportion. One can have no doubt, on examining 
this sediment, that it is formed in thc main by the 
accumulation and disintegration of the shells of 
globigerina-the shells fresh, whole, and living in 
the surface-layer of the deposit, and in the lower 
layers dead, and gradually crumbling down by the 
decomposition of their organic cement, and by the 
pressure of the layers above-an animal formation 
in fact being formed very much in the same way as in 
the accumulation of vegetable matter in a peat bog, 
by life and growth above, and death, retarded de- 
composition, and compression beneath. 

I n  this dredging, as in most others in the bed 
of the Atlantic, there was evidence of a considerable 
quantity oE soft gelatinous organic matter, enough 



CHAP. IX.] W E  DEEP-SEA FdUJA.  41 1 

to  give a slight viscosity to the mud of the surface 
layer. If the mud be shaken with weak spirit Of 

wine, fine flakes separate like coagulated mucus ; 
and if a little of the mud in which this viscid con- 
dition is most, marked be placed in a drop of sea- 
water under the microscope, we can usually see, 
after a time, an irregular network of matter resem- 
bling white of egg, distinguishable by its maintaining 
its outline and not mixing with the water. This 
network may be seen gradually altering in form, and 
entangled granules and foreign bodies change their 
relative positions. The gelatinous matter is therefore 
capable of a certain amount of movement, and there 
can be no doubt that it manifests the phenomena of 
a very simple form of life. 

To this organism, if a being can be so called which 
shows no trace of differentiation of organs, consist- 
ing apparently of an amorphous sheet of a protein 
compound, irritable to a low degree and capable of 
assimilating food, Professor Huxley has given the 
name of Bathybius ltaeckelii (Fig. 63). If this have a 
claim to be recognized as a distinct living entity, ex- 
hibiting its mature and final form, it must be referred 
to the simplest division of the shell-less rhizopoda, or 
if we adopt the class proposed by Professor Haeckel, 
to the monora. The circumstance which gives its 
special interest to Bathybius is its enormous extent : 
whether it be continuous in one vast sheet, or broken 
up into circumscribed individual particles, it appears 
t o  extend over a large part of the bed of the ocean; 
and as no living thing, however slowly it may live, 
is cver 1)erfcctly at rest, but is continua~ly acting and 
reacting with its surroundings, the bottom of the 
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sea becomes like the surface of the sea and of the 
land,-a theat,re of change, performing its part in 
maintaining the ' balance of organic nature.' 

PIG. I;%-'' Eine grnssci'e Cytodc vnii nnt,llyl,ina mit cin-nlxttntun Coccolithon. nnri Proto- 
j~lnsiria, welclies vielo Discolitlicm timl Cyritliolitlien c n ~ ~ i l t ~ ,  bildet oin Netzwcrk nii t  broiton 
Btriingen. ' (x. 700. )l 

1 Biologische Studien. Von Dr. Ernst Haeckel, Professor an der 
Universitat Jana. Iaipxig, 1870. 
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Entangled and bornedong in the viscid streams 
of Bathybius, we so constantly find a inultitude of 
minute calcareous bodies of a peculiar shape, that 
the two were for long supposed to have some 
mutual relation to one another. These small bodies, 
which have been carefully studied by I-Iuxley ,I 
Sorby,2 H a e ~ k e l , ~   carte^,^ Gumbel,6 and others, are 
in shape somewhat like oval shirt-studs. There is 
first a little oval disk about 0.01 mm. in length, with 
an oblong rudely facetted elevation in the centre, 
and round that, in fresh specimens, what seems to be 
a kind of frill of organic matter, then a short neck, 
and lastly a second smaller flat disk, like the disk 
at the back of a stud, To these Bodies, which are 
met with in all stages of development, Professor 
Huxley bas given the name of ' coccoliths.' Some- 
times they are found aggregated on the surface of 
small transparent membranous Balls, and these 
wliicli seemed at  first to have something to do with 
the production of the ' coccolitlis' Dr. Wallich has 
called ' coccospheres ' (Fig. 64). Professor Ernst 
Haeckel has lately described a very elegant organ- 
ism belonging to the radiolaria and apparently 
allied to ~ i ~ a t a s s i c o Z Z n , - M x o ~ ~ a c i ~ ~ ~  r?bopuZunz,-and 
a t  the ends of some curious diverging appendages 
of' this creature he has detected accumulations of 
bodies closely resembling, if not identical with, the 
coccoliths and coccospheres of the sea-bottom. Tliese 

Quarterly Journal of Microscopical Scionco, 1868, p. 203. 
5 Proceedings of the Sheffield Literary and philosophical Society, 

' Ann. and Mng. Kat. Hist. 1871, p. 184. 
October 1860. ' Op. cit. 

JulirLuclr Miinch. 1870, p. 753. 
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bodies seem to have been taken in to the Myxo- 
brachia as food, the hard parts accumulating in 
cavities in the animal’s body after all the available 
nourishment had been absorbed. It is undoubted 
that a large number of the organisms whose skele- 
tons are mixed with the ooze of the bottom of the 
sea live on the surface, the delicate silicious or cal- 
careous shields or spines falling gradually through 

. 

the water and finally reaching the bottom, what- 
ever be the depth. I think that now- the balance of 
opinion is in favour of the view that the coccoliths 
are joints of a minute unicellular alga living on the 
sea-surface and sinking down and mixing with the 
sarcode of Balhybi?6s, very probably taken into it with 
a purpose, for the sake of the vegetable matter 
they may contain, and which may aeorcl food for 
the animal jelly. What the coccosphercs are, and 
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what relation, if any, they have to the coccoliths, 
we do not know. 

Living upon and among this Bathybius, we find 
a multitude of other protozoa,-foraminifers and 
other rhizopods, radiolarians, and sponges ; and we 
as yet know very little of the life-history of these 
groups. There can be no doubt that when their 
development has been fully traced many of them 
will be found to be di- or poly-morphic, and that 
when we are acquainted with their mode of multi- 
plication we shall meet with many cases of pleo- 
morphism and wide differences between the organs 
and products involved in propagation and in repro- 
duction. I feel by no means satisfied that Bathybizls 
is the permanent form of any distinct living being. 
It has seemed t o  me that different samples have been 
different in appearance and consistence; and although 
there is nothing at all improbable in the abundance 
of a very simple shell-less ‘moner’ at the bottom 
of the sea, I think it not impossible that a great 
deal of the ‘bathybius,’ that is to say the diffused 
formless protoplasm which we find at great depths, 
may be a kind of mycelium-a formless condition 
connected either with the growth and multiplication 
or with the decay-of many different things. 

Many foraminifera of different groups inhabit 
the deep water, lying upon or mixed in the upper 
layer of the globigerina ooze, OF fixed to some foreign 
body, snch as a sponge, coral, or stone; and all of 
these are remarkable for their large size. In the 
‘warm area,’ and wherever the bottom is covered with 
ooze, calcareous forms predominate, and large sandy 
cristellarians, with their sand-grains bound together 
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by calcarcous cement, so t.hat the sand-grains show 
out, dark and co~ispicuous, scattered on the surface 
of the white shell. Miliolines are abundant, and 
the specimens of C o m z ~ s p i i ~ ~  and BilocuZina are 
greatly larger than anything which has been hitherto 
met with in temperate regions, recalling the tropical 
forms which abound among the Pacific Islands. 

I n  the cold area, and in the paths of cold currents, 
foraminifers with sandy tests are more numerous ; 
some of those of the genera d s t r o d k a ,  Lituola, 
and BoteZZina are gigantic-large examples 30 mm. 
long by 8 mm. in diametel:. 

The few liauls of the dredge which we have already 
had in deep water have been enough to teach us that 
our knowledge of sponges is in its infancy,-that those 
which we have collected from shallow water along 
our shores, and even those few which have been 
brought up from deep water on fishing lines, and 
have surprised us by the beauty of their forms and 
the delicacy of their lustre, are the mere margin and 
remnant of a wonderfully diversified Eponge-fauna 
which appears to extend in endless variety over the 
whole of' the bottom of the sea. I cannot attempt 
here more than a mere outline of' the general cha- 
racter of the additions which have been made to our 
knowledge of this group. The sponges of the ' Yor- 
cupine' Expedition are now in the hands of Mr. 
Henry Carter, P.R.S., for description; and an cx- 
cellent sltetch of the sponge-fauna of the deep Atlan- 
tic, bringing information on  certain groups up to a 
late date, has heen published by the best authority 
we have on sponges, l'rofessor Oscar Schmidt of 
Gratz. 
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As I have already said, the most remarkable new 
forms are referable to the group which seems to be, 
in a sense special to deep water, the Hexactinellidtle. 
I havc already (p. 70) briefly described one of the 
most abundant and singular forms belonging t o  this 
order, Hdleiiicc ca?yentei*i ; and all the others, 
though running through most remarkable variations 
in form and general appearance, agree with BoZtenia 
in essential structure. In the Hexactinellidz all the 
spicules, so far as we know, are formed on tlie hex- 
radiate plan ; that is t o  say, there is a primary axis, 
which may be long or short, and at one point four 
secondary rays cross this central shaft at right angles. 
Very often one-half of the central shaft is absent or 
is represented by a slight rounded boss, and in that 
case we have a spicule with a cross-shaped head, a 
very faroiirite form in the manufacture, defence, and 
ornament of the surface layer of these sponges; and 
often the secondary rays are undeveloped: but if 
that bo so,-as in the long fibres of the whisp 
of HyaZottenta,-in young spicules and in others 
which are slightly abnormal, four little elevations 
near tho middle of the spicule, which contain four 
secondary branches of the central canal, maintain the 
permanence of tlie type. I n  many of the Hexac- 
tinellid% the spicules are all distinct, and combined, 
as in ZoZtenia, by a small quantity of nearly trans- 
parent sarcode ; but in others, as in ‘ Venus’s flower- 
basket,’ and the nearly equally beautiful genera 
Ipltiteon, ApJwocaZEistes, and Farren, the spicules 
run together and make a continuous silicious net- 
work. When this is the case the sponge may be 
boiled in nitric acid, and J1 the organic matter and 

X E  



other impurities thus removed, when tlie skeleton 
comes out a lovely lacy structure of tlie clearest 
glass. Thc six-rayed forffi of the spicules gives the 
network which is the result of tlicir fusion great 
flexibilit.y of design, with a cliaracteristic tendency, 
however, to synare meshes. 

On tlie 30th of August, 1870, Mr. Gwyn Jeffreys 
dredged in 651 fathoms in tlie Atlantic off the mouth 
of the Strait of Gibraltar an exquisite spoiige, 
resembling Holteitia in its general appearance, but 
differing from it in the singular and beautiful clia- 
racter of having a delicate' outer veil about a centi- 
metre from the surface of the sponge, formed by the 
interlacing of the four secondary rays of large five- 
rayed spicules, which send their long shafts from that 
point vertically into the sponge body (Fig. 65). The 
surface of the sponge is formed of a network of large 
fiveradiate spicules, arranged very much as in VoZ- 
tenia; but tlie spicules of the sarcodc-the small 
spicules which are iinbedded in the living spongeLjelly 
-are of a totally different form. A single large 

osculum ' opens, as in Roltenia, at the top of the 
sponge, but instead of forming a cup uniformly 
lined with a netted membrane, the oscular cavity 
divides at the bottom into a number of branching 
passages as in Plte~onema anna?, described by Dr. 
Leidy. I mas inclined at first to place this species 
in the genus PJtei*onenza, but Dr. Leidy's descrip- 
tion and figure arc by no means satisfactory, and 
may refer to Eome other form of the Zoltenia group, 
The spicules of the beard ' are more rigid and thicker 
than those of Boltenia, and scattered among them 
are some very large four-barbed grappling hooks. 
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Off the Butt of the Lews, in water of 450 to 500 
fathoms, we met on two occasions with full-grown 
specimens of a species of the remarkable genus 
Hyalonemct (Fig. 66), with the coils in the larger 
examples upwards of 40 centimetres in length. 
Byulonema is certainly a very striking object; and 
although our specimens belong apparently to the 
same species, H. lzcsitanicum, which has already been 
recorded by Professor Barboza - du Bocage from the 
coast of Portugal, it is one of the most interesting 
additions made to the British fauna during our 
cruise. 

A bundle of from 200 to  300 threads of trans- 
parent silica, glistening with a silky lustre, like the 
most brilliant spun-glass,-each thread from 30 to 40 
centimetres long, in the middle the thickness of a 
knitting needle, and gradually tapering towards either 
end to a fine point; the whole bundle coiled like a 
strand of rope into a lengthened spiral, the threads of 
the middle and upper portions remaining compactly 
coiled by a permanent twist of the individual threads ; 
the lowerepart of the coil, which, when the sponge is 
living, is imbedded in the mud, frayed out so that the 
glassy threads stand separate from one another, like 
the bristles of a glittering brush ; the upper portion 
of the coil close and compact, imbedded perpen- 
dicularly in a conical or cylindrical sponge; and 
usually part of the upper portion of the silicious 
coil, and part of the sponge-substance, covered 
with a brownish leathery coatiug, whose surface is 
studded with the polsps of an alcyonarian zoophyte : 
-such is the general effect of a complete specimen 
of Hyalonema. 





The genus was first known in Europe by specimens 
brought from Japan by the celebrated naturalist and 
traveller, Von Siebold ; and Japanese examples of 
IIyuZoiienm sieboZdi, GRAY, niay now be found inore 
or less perfect in most of the European iiiuseums. 
When the first spcciinen of ZyaEonenza was brought 
home, the other vitreous sponges which approach it 
so closely in all essential points of structure wm 
unknown, arid tlie history of opinion as to its rela- 
tions is curious. 

The being consisted of' three very distinct parts : 
first, and greatly the moit remarkable, the coil 
of silicious needles ; then the sponge, and for long 
it was supposed that this was the base of the struc- 
ture,-from which the glossy brush projected, spread- 
ing out above it in the water ; and thirdly, the 
apparently constant encrusting zoophyte. 

This complicated association suggested many pos- 
sibilities. Was Zyulonema a natural production at 
a l l?  Was it complete? Were all the tlirec parts 
essentially connected together ? And if not, were all 
the three independent, or did two of three parts 
belong to the same thing? and if so, which two ? 

-7ZyaZonenza was first described and named in 
1835 by Dr. John Edward Gray, who has since, 
in one or two notices in the 'Annals of Natural 
I-Iistory ' and elsewhere, vigorously defended the 
essential part of his original position. Dr. Gray 
associated the silicious whisp with the  zoophyte, 
and regarded the sponge as a separate organism. 
He looked upon the silicious coil as the representa- 
tive of the horny axis of the sea-fans (Go~gonice),  
and the leather-like coat he regarded as its flediy 



rind. He sup~~osed that between this zoophyte sild 
the sponge at its base, there subsisted a relation of 
guest and host, the zoophyte being constantly asso- 
ciated with the sponge ; and in accordance with this 
view he proposed for the reccption of the zoophyte 
a new group of alcyonarians under the name of 
‘ Spongicolzc,’ as distinguished from the ‘ Sabulicolze’ 
(Pennatulce) and the 

DF. Gray’s view seemed in many respects a natural 
one, and it was adopted in the main by Dr. Brandt 
of St. Petersburg, who in 1859 published a long 
memoir, describing a number of specimens brought 
from Japan to Russia, Dr. Brniidt referred what he 
believed to be a zooplijte consisting of the coil and 
the crust, t o  a special group of sclcrobasic zoantli- 
carians with a silicious axis. 

One consideration militated strongly against this 
hypothesis of Dr. Gray and Professor Brandt. No 
known zoophyte had a purely silicious axis; and 
such an axis made up of loose separate spicules 
seemed strangely inconsistent with the harmony of 
the class. On the other hand, silicious spicules of 
all forms and sizes were conceivable in sponges; 
and in 1957 l’rofessor Milne-Edwards, on the 
authority of Valenciennes, who was thoroughly 
versed in the structure of tho Gorgonzie, combined 
the sponge with the silicious rope, and degraded the 
zoophyte to the rank of an encrusting parasite. 

Anything very strange coming from Japan is to 
be regarded with some distrust. The Japanese are 
wonderfully ingenious, and one favourite aim of 
their misdirected industry is the fabrication of im- 
possible monsters by the curious combination of the 

13upicole ’ (Goygonice). 
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parts of different animals. It was therefore quite 
possible that the whole thing might be an imposi- 
tion : that some beautiful spicules separated from 
an unknown organism had been twisted into a wliisp 
by the Japanese, and then manipulated so as to 
have their fibres naturally bomd together by the 
sponges and zoophytes which are doubtless rapidly 
developed in the Mongolian rock-pools. Elirenberg, 
when he examined Byalonema, took this view. He  
a t  once recognized the silicious strands as the spicules 
of a sponge quite iudependent of the zoophyte with 
whicli they were encrusted; but he suggested that 
these might have been artificially combined into the 
spiral coil and placed under artificial circumstances 
favourable t o  the growth of a sponge of a different 
species round their base. The condition in which 
many specimens reach Europe is certainly calculated 
to throw some doubt on their genuineness. It seems 
that the bundles of spicules made up in various 
ways, are largely sold as ornaments in China and 
Japan. The coils of spicules are often stuck upright 
with their upper ends in circular holes in stones. 
Mr. Huxley exhibited a few years ago at  the 
LinnaEan Society a beautiful specimen of this kind 
now in ,the British Museum:-a stone has been 
bored, probably by a colony of boring molluscs, and 
a whole colony of Byalonemas, old and young, are 
apparently growing out of the burrows, the larger 
individuals more than a foot in length, and the 
young ones down to an inch or so, like tiny camel’s- 
hair pencils. All these are encrusted by the usual 
zoophyte, which also extends here and there over 
the stone (glued on probably), but there is no traco 
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of the sponge. Such an association is undoubtedly 
artificial. 

Dr. Bowerbank, another great sponge authority, 
takes yet another view. He maintains “ tha t  the 
silicious axis, its envelopment, and the basal sponge 
are all parts of the same animal.” The polyps 
he regards as ‘ oscula,’ forming with the coil a 
‘ columnar cloacal system.’ 

Professor Max Schultze, of Bonn, examined with 
great care several perfect and imperfect specimens of 
-IIyaZonenia in the Museum of Leyden, and in 1860 
published an elaborate description of its structure. 
According to  Scliultze, the conical sponge is the 
body-mass of Hyaloizenza, a sponge allied in every 
respect to Buplectelltr.; and the siliceous coil is an  
appendage of the sponge fornied of modified spicules. 
The zoophyte is of course a distinct animal altogether, 
and its only connection with the sponge is one of 
‘ commensalism.’ It ‘ chums ’ with the sponge for 
some purpose of its own, -certainly getting support 
from the coil, probably sharing the oxygen and 
organic matters carried in by the ciliary system of 
the sponge passages. Tliis style of association is 
very common. We have anotlier example of the 
same thing in Palytltoa axiizellm, SCHMIDT, a con- 
stant ‘ commensal ’ with Axinella cinnamomea and 
A .  vewucosa, two Adriatic sponges. 

In 1864 Professor Barboza du Bocage, director 
of the  Museum of Natural History in Lisbon, com- 
municated to the Zoological Society of London the 
unexpected news that a species of Hyalonenta had 
been discovered off the coast of Portugal ; and in 1865 
he published, in the Proceedings of the same Society, 
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an additional note on the habitat of Zyulonenzu Zusi- 
taniczim,. It appears that the fishermen of Setubal 
frequently bring up on their lines, from a consider- 
able depth, coils of silicious threads closely resem- 
bling those of the Japanese species, which they 
even surpass in size, sometimes attaining a length of 
about 50 centimetres. The fishermen seem to be very 
familiar with them. They call them ' sea-whips,' 
but with the characteristic superstition of their class 
they regard all these extraneous matters as ' unlucky,' 
and usually tear them in pieces and throw them 
into the water. Judging from some specimens in 
the British Museum, and from Senhor du Bocage's 
figure, the ' glass-rope ' of the Portuguese forin is 
not so thick as that of H. sieboldi. There is also 
some slight difference in the sculpture of the long 
needles, but the structure of the sponge and the very 
characteristic forms of the small spicules are identical 
in the two. I doubt if there be more than varietal 
distinctions between the two forms; and if that be 
so, it adds another to the list of species common to  
our seas and the seas of Japan. 

Perhaps the most singular circumstance connected 
with this discussion was that all this time we had 
been looking at  the sponge upside down, and that. it 
had never occurred to anyone to reverse it. We had 
probably taken this notion from the specimens stuck 
in stones, brought from Japan, and the sponge cer- 
tainly looked very like the base of the edifice. Wheu- 
ever the sponges were dredged on the coasts of Europe 
and compared vi th  allied things, it became evident 
that the wliisp was an organ of support passing out 
of the lower part of the sponge, and that the flat, 
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or slightly-cupped disk, with a papilla in the centre 
receiving tlie upper end of the coil, with large oscular 
opcnings, and a fringe of delicate radiating spicules 
round the edge, was the top of the sponge, spreading 
out probably level with tlie surface of the ooze. 

In  essential structure Hyaloncnza very closely re- 
seinbles Holteiziu, and the more characteristic forms 
of the Hexactinellidz. The surface of the sponge is 
supported by a square netwoi-k, formed by the sym- 
metrical arrangement of the four secondary rays of 
five-rayed spicules, and tlie sarcode which binds these 
branches together is full, of minute feathered five- 
rayed spicules, which project from tlie branches like 
a delicate fringe. The oscula are chiefly on tlie upper 
disk, and lead into a number of irregular passages 
which traverse the body of the sponge in all direc- 
tions. When we trace its development, the coil 
loses its mystery. On one of the Xoltenicc, from the 
Butt of the Lews, there was a little accumulation 
of greenish granular matter among the fibres. Oil 
placing this under the microscope it turned out to 
be a number of very young sponges, scarcely out of 
their germ state. They were all at  first sight very 
much alike, minute pear-shaped bodies, with a long 
delicate pencil of silky spicules taking the place of 
the pear-stalk. On closer examination, however, t.liese 
little germs proved to belong to  different species, 
each showing unmistakeably the characteristic forms 
of its special spicules. Most of them were tlie young 
of Fisiphonin, but among them were several Zoltenict,, 
and one or two were at onco referred t o  Zyaloizeaaa. 
In two or three hauis in the same locality we got 
them in every subsequent stage-beautiful little 
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pear-shaped things, a centimetre long, with a single 
osculum at the top, and the whisp like a small 
brush. At this stage the Palylhoa is usually ahsent, 
but when the body of the sponge has attained 15 mm. 
or so in length very generally a little pink tubercle 
may be detected at  the point of junction between 
the sponge body and the coil, the germ of the first 

lTyalonenza lusitu.nicurn, BARBOZA nu BOCAGE, the 
species met with in the British seas and along 
the coast of western Europ,  appears to be local, 
but very abundant at the stations where it occurs. 
I am still in doubt whether we are to regard it 
as identical with the Japanese species, H. sieboldi, 
GRAY. 

During Mr. Gwyn Jeffreys’ cruise in 1870, two 
specimens of a wonderful sponge belonging also to the 
Hexactinellidae were dredged in 374 fathoms in rocky 
ground off Cape St. Vincent. The larger of these 
forms a complete vase ol’ a very elegant form, nearly 
ninety centimetres in diameter at the top and about 
sixty in height (Fig. 67). The sponge came up folded 
together, and had much the appearance of a piece 
of coarEe, greyish-coloured blanket. Its minute 
structure is, however, very beautiful. It consists, 
like Holtelzia, of two netted layers, an outer and 
an inner, formed by the symmetrical interlacing of 
the four cross branches of five-rayed spicules; and, 
as in Holtelzia and Rossella, the sarcode is full of 
extremely minute five and six-rayed spicules, which, 
however, have a thoroughly distinct character of 
their own, with here and there a very beautiful 
rosette-like spicule, another singular modification of 

POlYP. 
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the liexradiate type characteristic of this group. 
Between the two netted surfaces the sponge sub- 
stance is formed of loose curving meshes of loosely 
aggregated bundles of long simple fibres, sparsely 
mixed with spicules of other forms. This sponge 
seems to  live fixed to  a atone. Tliere are no 
anchoring spicules, and the bottom of the vase, 

which in oui- two specimens is a good deal con- 
tracted and has a square shape something like an 
old Irish ‘mether,’ has apparent>ly been torn from 
some attachment. This fine species was named 
Askonema setubaleme, and very briefly described 
from a specimen in the Lisbon Museum by M P .  

Saville Rcnt, in :I l ~ ~ p e r  in which he noticed some 



of tlic sponges dredged from Mi-. M a d d l  IIall’s 
yacht.’ 

Sponges belonging to other groups from the deep 
mater mere nearly equally interesting. I have 
‘ already alluded, p. 188, to the Iiandsoine branching 
sponges belonging to  the Esperadiz, which abound 
off the coasts of Scotland mid Portugal. Near thc 
mouth of the Strait of Gibraltar a number of species 
were taken in considerable quantity, belonging to a 
group wliicli were a t  first confused with the liexac- 
tinellidz, on account of their frequently forming a 
similar and equally beautiful continuous network of 
silica, so as to assume the sZme resemblance to deli- 
cate lace when boilrd in nitric acid. !Che Corallio- 
spoagiae differ, liowcver, from the IIexactinellidlle in 
one very fundaniental character. While in the latter 
the spicule is Iiexradiatc, in the former it consists 
of it sliaft wit11 t~ i iee  diverging rays a t  one end. 
These frequently spread in one plane, and they often 
re-divide, and frequently tlie spaces between them are 
filled up with a secondary expanse of silica, variously 
frilled and netted on the edge, so as to givo the spicule 
the appearance of ai1 ornamental flat-headed tack. 
These three-rayed stars or disks, in cornhination, sup - 
port the outer membrane of sponges of this order; 
and spicules of the same type, fused together accord- 
ing to various plans, form the sponge slreleton. 

This group of sponges are as yet irnperfectly 
kno~vn. They seem to pass into such fornis as 
Geodin and l k thya  ; a i d  the typical example with 
which we are most familiar is tlie genus Dcccty- 
localy.~, represented by the ciip4iaped pumice-like 

1 JTonthly .\Iirmscopic .Joiirt~~d, Novembci- 1, 1870. 
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inasses which are tliimvn ashore from tiinc to timc 
on the West Indian Islands. 

Professor P. Martin Duncan has already published 
an account of the stony corals (the Madreporaria) of 
the cruise of the ‘ Porcupine ’ in 1869, and lie has 
now in hand those procured off the coast of Portugal 
in 1870, some of which are of even greater interest 
from their close resemblance to  certain cretaceous 
forms. Twelve species of stony corals were dredged 
in 1869. 

Curyoph~lliu borealis, FLEMING (Fig. 4, p. 27), is 
very abundant at  moderate depths, particularly aloiig 
the west coast of‘ Ireland, where many varieties are 
found. The greatest depth at which this species was 
dredged is 705 fatlionis. Jt i s  found fossil in thc 
miocene and Pliocene beds of Sicily. 

Ceratocyuthus ornutus, SEGUENZA.-OP this pretty 
coral only a single specimen mas taken in 705 
fathoms, off the Butt of’ tlie Lews. It had not pre- 
viously been known as a recent species, and was 
described by Seguenza from the Sicilian miocene 
tertiaries . Flu be I1 una luciiaiu tuna, EDWARD s and 
HAIME, was frequent in water from 100 to 400 
fathoms, from F&roe to  Cape Clear. From tlie 
extreme thinness of the outer crust, this coral is 
excessively brittle ; and although many hundreds 
came up in the dredge, scarcely half-a-dozen examples 
were entire. Another fine species of the same genus, 
Plabellunz distinctunz (Fig. 68), was dredged 011 

several occasions off the Portuguese coast in 15’70. 
l h e  special interest attaching to this species, is 
that it appears t o  Be identical wit11 a form living in 
the seas of Jspan. 

r i  
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Lophohdia prolqera, PaLLAs (Fig. 30, p. 169). 
--Many varieties; abundant a t  depths from 150 
t o  500 fathoms all along the west coasts of Scot- 
land and Ireland, at  temperatures varying from 
0" to  lo" C. In some places,-as, for example, at 
Station 54, between Scotland and F&roe, and Station 
15, between the west coast of Ireland and the 
Porcupine Bank,-there seem to  be regular banks 
of it, the dredge coming up loaded with fragments, 
living and dead. 

Five allied species of the genus Anqdilielia OC- 

curred more sparingly. 

e\ 
FIG. 68.--RabeZlan J i s t inchm Twiua the iiaturnl size. (No. 28, 1870.) 

Alloporu oculina, ERRENBERG, a very beautiful 
form, of which a few specimens were procured in the 
ccold area,' at depths a little over 300 fathoms. 

Thecopsammia socialis, POURTALES (Fig. 69), a form 
closely allied to Balanophyllia, and resembling some 
crag species. It had been previously dredged by 
Count Pourtales in the Gulf of Florida. Theco- 
psunzrnia is tolerably conimon in deep water in the 

cold area,' growing in patches, five or six examples 
sometimes coming up on one stone. 



I have already adverted to  the danger we run in 
estimating the relative proportions in which any 
special groups may enter into the sum of the abyssal 
fauna, by the proportion in which they are recovered 
by any single method of capture. From their con- 
siderable size, the length and rigidity of their strag- 
gling rays, and their habit of clinging t o  fixed ob- 
jects, the Echinodermata are not very readily taken 

by the dredge, but they fall an easy prey to the 
' hempen tangles.' It is possible that this chcuin- 
stance may to a certain extent exaggcrate their 
apparent abundance at great depths, but we have 
direct evidence in the actual nuinhers which a m  
brought up, that in some places thcy must bc \van- 

P P  
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derfully numerous ; and we frequently dredge sponges 
and corals actually covered with them in the atti- 
tudes in which they lived, nestling among their fibres 
and in  the angles of their branches. 1 have counted 
seventy-three examples of AmpTLiZcru abyssicolcl, small 
and large, sticking to  one Roltelziu. 

Both on. account of their beauty and extreme 
rarity, and of the important part they have borne 
in the fauna of somc of the past periods of the 
earth's history, the first order of the Echinoderms, 
the Crinoidea, has always had a spacial interest to 
naturalists; and, on the' watch as we were for 
missing links which might connect the present with 
the past, we eagerly welcomed any indication of their 
presence. Crinoids were very abundant in the seas 
of the Silurian period ; deep beds of carboniferous 
limestone are often formed by the accumulation of 
little else than their skeletons, the stem joints and 
cups cemented together by limy sediment; and 
dozens of the perfect crowns of the elegant lily- 
encrinite are often scattered over the surface of' 
slabs of the muschelkalk. But during the lapse of 
ages the whole order seems to have been worsted 
in the struggle for life.' They become scarce in the 
newer mezozoic beds, still scarcer in the tertiaries, 
and up to within the last few years only two 
living stalked crinoids were known in the seas 
of the present period, and these appeayed to  be 
confined to deep water in the seas of the Antilles, 
whence fishermen from time to  time bring up muti- 
lated specimens on their lines. Their existence has 
been known for more than a century; hiit although 
many eyes have been watching for them, until very 
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lately not more than twenty specimens liad reached 
Europe, and of these only two showed all the joints 
and plates of the skeleton, and tlie soft parts were 
lost in all. 

These two species belong to the genus Peiztaci*iizus, 
which is well represented in the beds of the lias and 
oolite, and sparingly in the white chalk; and are 
named respectively Pentacrinus a.steria, L,, and 3’. 
miilleri, OERSTED. Fig. 70 represents the first of these. 
This species has been known in Europe since tlie year 
1755, when a specimen was brought to Paris from 
the island of Martinique, and described by Guettnrd 
iu the Memoirs of the Royal Academy of Sciences. 
For the next hundred years an example turned up 
now and then from the Antilles. Ellis described 
one, now in the Hunterian Museum in Glasgow 
University, in tho Philosophical Transactions for 
1761. One or two found their way into the museums 
of Copenhagen, Bristol, and Paris; two into tlie 
British Museum; and one fortnnately fell into the 
hands of tlle late Professor Joliannes Muller of 
Berlin, who puldishecl a n  elaborate account of i t  in 
the Transactions of the Royal Berlin Academy for 
1843. Within thc last few years, MY. Damon of 
Weymout11, a ivell-~mown collector of natural his- 
tory olijccts, has procured sevcral very good speci- 
Inens, which are now lodged in the museums of 
 COW, Melbourne, Liverpool, and London. 

Pentacriizzis asteria may be taken as the type of 
its order; I will therefore descieibe it briefly. T h  
animal consists of two well-markad portions, a stelll 
ant1 u head. The stem, whicli is often froin 40 to 

ccntiinctrcs in length, consists of ;L scrics of 
1.’ 2 
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flattened calcareous joints ; it may be snapped over 
a t  tlie point of junction betweeu any two of these 
joints, and by slipping the point of a pen-knife into 
the next suture a single joint may be removed entire. 
The joint has a hole in the centre, through which 
one might pass a fine needle. This hole forms part 
of a canal filled during life with a gelatinous nutri- 
ent matter which runs through the whole length 
of the stern, branches in a complicated way tlirougli 
the plates of the cup, and finally passes tlirougli 
tlie axis of each of the joints of tlic arms, and of’ 
the ultimate pinnules which fringe them. On the 
upper and lower surfaces of the stein-joint there 
is a very graceful and characteristic figure of five 
radiating oval leaf-like spaces, each space surrounded 
by a bordei* of minute alternate ridges and grooves. 
The ridges of the upper surface of a joint fit into 
the grooves of the lower surface of tho joint above 
i t ;  so that, though from being made up of man 
joints the stem admits of a certain aniount of 
motion, that motion is very limited. 

As the border of each star-like figure exactly 
fits the border of the star above and below, tlie five 
leaflets within the boi*der are likewise placed directly 
one above the other. Within these leaflets the 
limy matter which makes up the great bulk of tlie 
joint is more loosely arranged than it is outside, and 
five oval bands of strong fibres pass in tlie inter- 
spaces right through the joints, from joint to joint, 
from one end of the stem to the other. These 
fibrous bands give the column great strengtll. It. 
is by no nicans easily b~olceii even ivlien (1md and 
dry. ‘Pllcy ;tlso, 11y tlicir elasticity, admit a certain 
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amount of passive motion. There are no muscles 
between the joints of the stem, so that the animal 
does not appear t o  be able to move its stalk at  
mill. I t  is probably only gently waved by the tides 
and currents, and by the movements of its own arms. 

I n  Pentacriiius asteria about every seventeenth 
joint of the lower mature part of the stem, is a little 
deeper or thicker than the others, and bears a whorl 
of five long tendrils or cirri. The stem is, even 
near the base, slightly pentagonal in section, and 
it becomes more markedly so towards the head. 
The cirri start from shallow grooves between the 
projecting angles of the pentagon, so that they are 
ranged in five straight rows up and down the stem. 
The cirri are made up of about thirty-six to thirty- 
seven short joints ; they start straight out from the 
stem rigid and stiff, but at the end they usually 
curve downwards, and the last joint is sharp and 
clawlike. These tendrils have no true muscles I 
they have, however, some power of contracting round 
resisting objects which they touch, and there are 
often star-fishes and other sea animals entangled 
among them. The specimen figured has thus he- 
come the temporary abode of a very elegant species 
of Asteroporpa. 

Near the head the cirri become shorter and 
smaller, and their whorls closer. The reason of 
this is that the stem grows immediately below the 
head, and the cirrus-bearing joints are formed in 
this position, the intermediate joints being produced 
afterwards below and above each cirrated joint,- 
which they gradually separate from the one on either 
side of it, till the number of seventeen or eighteen 
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intermediate joints is complete. At the top of the 
stem five little calcareous lumps like buttons stand 
out from the projecting ridges, and upon these and 
upon the upper part of the stem the cup which 
holds the viscera of the animal is placed. These 
buttons are of but little moment in this form, but 
they represent joints which are often developed into 
large, highly-ornamented plates in the various tribes 
of its fossil ancestors. They are called the basal’ 
plates of the cup. Next, in an upper tier, alternating 
with the last, we have a row of five oblong plates 
opposite the grooves of the stem, and all cemented 
into a ring, These plates are separate when the 
animal is young; they are called the first radial’ 
plates. They are the first of long chains of joints 
which are continued to  the ends of the arms. Imme- 
diately above these plates, and resting upon them, 
there- is a second row of plates ‘nearly of’ the same 
size and shape, only they remain separate from one 
another, never uniting into a ring. These are the 
‘ second radials,’ and immediately upon these rest 
a third series of five, very like the plates of the 
other two rows, only their upper surfaces rise into 
a cross ridge in the centre, and they have the 
two sides bevelled off like the eaves of a gable, to 
admit of two joints being seated upon each of them 
instead of one. This last ring of joints are the 
radial axillaries,’ and above these we have the first 

1)ifurcation of the arms. These three rings of 
radial joints form the true cup. In the modern 
species they are very small, but in many fossils 
they acquire a large size, and enclose, frequently 
with the aid of various rows of intermediate or 
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inter-radial plates and a row of basals, a large 
body-cavity. The two upper joints of each ray 
are separated from those of the ray next it by a 
prolongation downwards of the plated skin which 
covers the upper surface or 'disk' of the body. 
Seated upon the bevelled sides of each radial-axil- 
lary joint, there is a series of five joints, the last 
of the five bcvelleil again like the radial axillaries 
for the insertion of two joints. These five joints 
form the first serics of ' brachials,' and from the 
base of this series the arms become free. 

The first of the brachial joints, that is to say, 
the joint immediately above the radial axillary, is, 
as it were, split in two by a peculiar kind of joint, 
called, by Muller, a ' syzygy.' All the ordinary joints 
of the arms are provided with muscles producing 
various motions, ancl binding the joints firmly 
together. The syzygies are not so provided, and 
the arms arc consequently easily snapped across 
where these occur; This is a beautiful provision for 
the safety of an animal which has so wide and 
complicated a crown of appendages. If  one of the 
arms get entangled, or fall into the jaws or claws of 
an enemy, by a jerk the star-fish can at once get 
rid of the embarrassed arm;  and as all this group 
have a wonderful power of reproducing lost parts, the 
arm is soon restored. 

When the animal is dying, it generally breaks off 
its arms at  these syzygies; so that almost all the 
specimens which have been brought t o  Europe have 
arrived with the arms separate from the body. 

About six arm-joints or  so above the first on 
either branch there is a second brachial accessory ancl 



CHAP. IX.] 3'ZE DEEP-SEA $!!UNA. 44 1 

another bifurcation, and seven or eight joints farther 
on another, and -so on, but more irregularly the 
farther from the centre, till each of the five primary 
rays has divided into from twenty to thirty ultimate 
branches, producing a rich crown of more than a 
hundred arms. The upper surface of each arm-joint 
is deeply grooved, the lower arched; and from one 
side of each, alternately on either side of the arm, 
there springs a series of flattened ossicles. These 
form the ultimate branchlets, or ' pinnules,' which. 
fringe the arms as the barbs fringe the shaft of n 
feather. Unfortunately, most of the examples of 
Pentacrinus asteria hitherto procured have had the 
soft parts destroyed and the disk more or less injured. 
One specimen, however, in my possession is quite 
perfect. The body is covered above by a membrane 
closely tesselated with irregularly-formed flat plates; 
this membrane, after covering the disk, dips into 
the spaces between the series of radial joints, and 
with the joints of the cup completes the body-wall. 
The mouth is a rounded opening of considerable size 
io the centre of the disk, and opens into a, stomach 
passing into a short curved intestine which ends in 
a long excretory tube,-the so-called ' proboscis ' of 
the fossil crinoids,-which rises from the surface of 
the disk mar  the mouth. From the mouth five 
deep grooves, bordered on either side by small square 
plates, run out to  ths edge of the disk, and ase con- 
tinuous with the grooves on the upper surface of the 
arms and pinnules, while in the angles between them 
five thickened masses of the 'mailing of the disk 
surround the mouth like valves. These were at 
first supposed to  ~nswer .  the purpos~ of teeth. The 



4 42 THE DEPTHS OF THE SEA. [CHAP. IX. 

crinoids, however, are not predatory animals. Their 
nutrition is effected in a very gentle manner. The 
grooves of the pinnules and arms are richly ciliated. 
The crinoid expands its arms like the petals of a full- 
blown flower, and a current of sea-water bearing 
organic matter in solution and suspension is carried 
by the cilia along the brachial and radial grooves 
to the mouth. In the stomach and intestine the 
water is exhausted of assimilable matter, and the 
length and direction of the excretory proboscis pre- 
vent the exhausted water from returning at once into 
the ciliated passages. 

The other Wefit Indian Pentacrinzcs-P. NZlleri- 
seems to be more common off the Danish Islands 
than P. asteria. The animal is more delicate in 
form. The stem attains nearly the oame height, 
but is more slender. The rings of cirri occur about 
every twelfth joint, and at each whorl two stem- 
joints are modifled. The upper joint bears the facet 
for the insertion of the cirrus, and the second is 
grooved to receive its thick basal portion, which 
bends downwards for a little way closely adpressed 
t o  the stem, before becoming free. The syzygy is 
between the two modified joints, and in all the com- 
plete specimens which I have seen the stem is broken 
through at one of these stem syzygies, and the ter- 
minal stem-joint is worn and absorbed, Rhowing 
that the animal must have been for long free from 
any attachment t o  the ground, 

On the 21st of July, 1870, Mr. Gwyn Jeffreys, 
dredging from the 'Porcupine' at a depth of 1,095 
fathoms, lat. 39" 43' N., long. 9" 43' W., with a 
bottom temperature of 4O.3 C. and a bottom of soft 





mud, took about twenty specimens of a handsome 
Pelztcccrhzcs .involved in the ' hempen tangles ; ' and 
this sp1endid.addition t o  the fauna of the European 
seas my friend has done me the honour to associate 
with my name. 

Pentawhaus wyville-thonzsoni, JEPFREYS (Fig. 71), 
is intermediate in some of its characters between P. 
asteriu and P. miilleri; it approaches the latter species, 
however, the more nearly. In a mature specimen the 
stem is about 120 mm. in lengfli, and consists of five 
or six internodes. The whprls of cirri towards the 
lower part of the stem are 40 mm. apart, and the in- 
ternodes contain from thirty to thirty-five joints. The 
cirri are rather short and stand straight out from tlic 
nodal joint, or curve sharply downwards, as in P. 
mteria. The nodal joint is single, and the syzygy 
separates it from the joint immediately beneath it, 
which does not differ materially from the ordinary 
internodal stem-joint. All the stems of mature 
examples of this species end uniformly in a nodal 
joint, surrounded with its whorl of cirri, which curve 
downwards into a kind of grappling root. The lower 
surface of the terminal joint is in all smoothed and 
rounded, evidently by absorption, showing that the 
animal had for long been free. This character I 
bave remarked as occurring in some specimens of 
P. miillei*i. I have no doubt that it is constant in 
the present species, and that the animal lives loosely 
rooted in the soft mud, and can change its place at  
pleasure by swimming with its pinnated arms ; that 
it is in fact intermediate in this respect between 
the free genus Antedon and the permanently fixed 
crinoids. 
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A young specimen of P. wyville-thonzsoizi gives the 
mode in which this freedom is acquired. The total  
length of this specimen is 95 mm., of which the head 
occupies 35 mm. The stem is broken off in the 
middle of the eighth internode from the head. The 
lowest complete internode consists of 14 joints, the 
uext of 18, the next of 20, and the next of 26 joints. 
There are 8 joints in the cirri of the lowest whorl, 
10 in those of the second, 12  in those of the third, 
and 14 in those of the fourth. This is the reverse of 
the condition in adult’specimens, in all of which the 
numbers of joints in thk internodes, and of joints 
in the cirri, decrease regularly from below upwards. 
The broken internode in the young example, and 
the three internodes above it, are atrophied and un- 
developed, and suddenly at the third node from the 
head the stem increases in thickness, and looks as 
if it were fully nourished. There can be no doubt 
that in early life the crinoid is attached, and that it 
becomes disengaged by the withering of the lower 
part of the stem. 

The structure of the cup is the same as in P. 
asleiiu and P. tuiilleri. The basds appear in the 
form of shield-like projections crowning the salient 
angles of the stem. Alternating with these me have 
well-developed first radials, forming a closed ring 
and articulating to free second radials by muscular 
joints. The second radials are united by a syzygy 
t o  the radial axillaries, which as usual give off each 
two first brachials from their bevelled sides. A 
second brachial is united by syzygy t o  the first, 
and normally this second brachial is an axillai*y, 
and gives off two simple arms ; sometimes, however, 
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the radial axillary originates a simple arm only from 
one or both of its sides, thus reducing the total 
number of the arms ; and sometimes one of the four 
arms given off from the brachial axillaries again 
divides, in which case the total number of arms is 
increased. The structure of the disk is much the 
same as in tlie species of the genus previously known. 

Two other fixed crinoids were dredged from the 
' Porcupine,' and these must be referred to the Apio- 
crinidze, which differ from all other sections of the 
order in the structure of the upper part of the stem. 
A t  a certain point, considerably below the crown of 
arms, the joints of the stem widen by the greater 
development of the calcareous ring, the central 
tube only increasing very slightly in width. The 
widening of the stem joints increases upwards until 
a pear-shaped body is produced, usually very elegant 
in form, which, looking from the outside, one would 
take for the calyx. It is, however, nothing more 
than a symmetrical thickening of the stem, and the 
body-cavity occupies a shallow depression in the top 
of it included within the plates of the cup--the 
basals and radials-which are thicker and more 
solid than in other crinoids, but othcrwise normally 
arranged. The stem is usually long and simple 
until near tlie base, where i t  forms some means of 
attachment, either as in the celebrated pear-encrinites 
of the forest marble, a complicated arrangement of 
concentric layers of calcareous cement which fix i t  
firmly to  some foreign body, or, as in the chalk 
Bourguetlicrinus and in the recent Xhixowinus, an 
irregular series of jointed branching cirri. 

The Apiocriniddc attained their maximum d u y i i q  
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the Jurassic period, when they were represented by 
many fine species of the genera Apiocrinue and 
Jfilleiicrinw. The chalk genus Bourgzcettickus 
shows many symptoms of degeneracy. The head 
is small, and the arms are small and short. The 
arm-joints are so minute that i t  is scarcely possible 
to make up a series from the fragments scattered 
through the chalk in the neighbourhood of a cluster 
of heads. The stem, on the other hand, is dispro- 
portionately large and long, and one is led to suspect 
that the animal was nourished chiefly by the general 
surface absorption of organic matter, and that the 
head and special assimilative organs were principally 
concerned in the function of reproduction. Rhizo- 
crinus lofotemis, M. SARS (Big. 72), was discovered 
in the year 1864, at a depth of about 300 fathoms, 
off the Loffoten islands, by G. 0. Sars, a son of the 
celebrated Professor of Natural History in the Uni- 
veroity of Christiania by whom it was described in 
the year 1865. It is obviously a form of the Apio- 
crinida still more degraded than Bourguetticriiaus, 
which it closely resembles. The stem is long and 
of considerable thickness in proportion to the size 
of the head. The joints of the stem are individually 
long and dice-box shaped, and between the joints 
spaces are left on either side of the stem alternately, 
as in Bourpetticriwus and in the pentacrinoid of 
dnteclon, for the insertion of fascicles of contractile 
fibres. Towards the base of the stem branches 
spring from the upper part of the joints ; and these, 
each composed of a succession of gradually diminish- 
ing joints, divide and re-divide into a bunch of 
fibres, wliicli frequently expand' at the ends into thin 
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calcareous laminae, clinging to small pieces of shell, 
grains of sand-anything which may improve the 
anchorage of the crinoid in the soft mud which is 
nearly universal at  great depths. 

In Rhizocrir~us the basal series of plates of the 
cup are not distinguishable. They are masked in 
a closed ring at  the top of the stem; and whether 
the ring be composed of the fused basals alone, or 
of an upper stem-joint with the basals within it 
forming a ‘rosette,’ as in the calyx of Antedon, is 
a question which can only be solved by a careful 
tracing of successive stages of development. The 
first radials are likewise fused, and form the upper 
wider portion of the funnel-shaped calyx. The first 
radials are deeply excavated above for the insertion 
of the muscles and ligaments which unite them to 
the second radials By a true (or moveable) joint. 
One of the most remarkable points in connection 
with this species is, that the first radials-the first 
joints of the arm-are variable in number, some 
examples having four rays, some five, some six, and 
a very small number seven, in the following pro- 
portions. Out of seventy-five specimens examined 
by Sars, there were- 

15 with 4 arms. 
43 9 9  5 9 )  

15 9 9  6 19  

1 )  7 17 2 

This variability in so important a character, par- 
ticularly when associated with so great a prepon- 
derance in bulk of the vegetative over the more 
specially animal parts of the organism, must un- 
doubtedly be accepted as indicating a deterioration 



CHAP. XX.] THE DEEP-SEA. FAUNA. 449 

from the symmetry and compactness of the Apio- 
crinidze of the Jurassic period. 

The anchylosed ring of first radials is succeeded by 
a tier of free second radials, which are united by a 
straight syzygial suture to the next series-the radial 
axillaries. The mrface of the funnel- shaped dilatation 
of  the stem, headed by the ring of first radials, is 
smooth amnil uniform, and the second radials and 
radial axillaries present a smootht regularly-arched 
outer surface. The radial axillarieR differ from the 
corresponding joints in most other known crinoids 
in contracting slightly ahove, presenting only one 
articulating facet, and giving origin to a single arm. 
“he arms, which in the larger specimens are from 10 
to 12  mm. in length, consist of a series of f r m  about 
twenty-eight to thirty-four joints, uniformly trans- 
versely arched externally, and deeply grooved within 
to receive the soft parts. Each alternate joint bears 
a pinnule, the pinnules alternating on either side of 
the axis of the arm, and the joint which does not 
bear a pinnule is united to the pinnule-bearing joint 
above it by a syzygy: thus joints with muscular 
connections and syzygie8 alternate throughout the 
whole length of the arm. 

The pinnules, twelve to fourteen in number, con- 
sist of a uniform series of minute joints, united by 
muscular connections. The grooves of the arms and 
of the pinnules are bordered by a double series of 
delicate round fenestrated calcareous plates, which, 
when the animal is contracted and at rest, form a 
closely imbricated covering to .  the nerve, and the 
radial vessel with its delicate cmcal  tentacle^. The 
mouth is placed in the ceptre of the disk, aud radial 

G G  
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canals, equal in number to the number of arms, pass 
across the disk, and are continuous with -the arm- 
grooves. The mouth is surrounded by a row of 
flexible cirri, arranged nearly as in the pentacrinoid 
of Antedon, and is provided with five oval calcareous 
valve-like plates occupying the interradial angles, 
and closing over the mouth at vill. A low papilla 
in one of the interradial spaces indicates the position 
of the minute excretory orifice. 

Rhizocrinws loflotensis is a very interesting addition 
to the British fauna. Wq met with it in the Feroe 
Channel in the year 18G9-three examples, greatly 
mutilated, at a deptli of 530 fathoms, with a bottom 
temperature of 6O.4 C., Station 12 (1868). Several 
occurred attached to the beards of the Holtelzice, off 
tlie Butt of the Lews, and specimens of considerable 
size were dredged in 862 fathoms off Cape Clear. 
The range of this species is evidently very wide. It 
has been dredged by G. 0. Sars off the north of 
Norway ; by Count Pourtales in the Gulf-stream off 
the coast of Florida; By the Naturalists on board 
the ‘ Josephine,’ on tlie ‘Josephine Bank,’ near the 
entrance of the Strait of Gibraltar; and by ourselves 
between Shetland and Ferae, and off Ushant and 
Cape Clear. 

The genus Ballycrinus must also be referred to the 
Apiocrinidz, since the lower portion of the head con- 
sists of a gradually expan ding funnel-shaped piece, 
which seems to be composed of coalesced upper stem- 
joints. 

The stem of Bathycrinas giqacilis (Fig. 73) is long and 
delicate ; in one example of a stem alone, which came 
up in the same haul with the one nearly perfect speci- 
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men which was procured, it was 90 mm. in length. 
The joints are dice-box shaped, as in Rhizocrinzm, 
long and delicate towards the lower part of the stem, 
3.0 mm. in length by 0.6 in width in the centre 
of the joint, the ends expanding to a width of 
1.0 mm. As in Rhizocrinus, the joints of the stem 
diminish in length towards the head, and additions 
are made in the form of calcareous laminze beneath 
the coalesced joints which form the base of the cup. 

The first radials are five in number. They are 
closely apposed, but they do not seem to be fused 
as in Rltizocrinus, since the sutures show quite dis- 
tinctly. The centre of each of these first radials rises 
into a sharp keel, while the sides are slightly de- 
pressed towards the suture, which gives thc calyx a 
fluted appearance, like a folded filter-paper. The 
second radials are long, and free from one another, 
joining the radial axillaries by a straight syzygial 
union. They are most peculiar in form. A strong 
plate-like keel runs down the centre of the outer 
surfaces, and the joint is deeply excavated on either 
side, rising again slightly towards the edges. The 
radial axillary shows a continuation of the same keel 
through its lower half, and midway up the joint the 
keel bifurcates, leaving a very characteristic diamond- 
shaped space in the centre, towards the top of the 
joint ; two facets are thus formed for the insertion of 
two first radials; the number of arms is therefore 
t e a  The arms are perfectly simple, and in our single 
specimen consist of twelve joints each. There is no 
trace of pinnules, and the arms resemble in character 
the pinnules of Rhixocrhw. The first brachial is 
united to  the second by a syzygial joint, but after 
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that the syzygies are not repeated, so that there is 
only one of these peculiar junctions in each arm. 
The arm-grooves are bordered by circular fenes- 
trated plates, as in Bhizocriizus. 

Certain marked resemblances in the structure of 
the stem, in the structure of the base of the cup, 
and in the form and arrangement of the ultimate 
parts of the arms, evidently associate Butliycrinus 
with Rhizocriims, but the differences are very wide. 
Five free keeled and sculptured first radials replace 
the uniform suiootli ring formed by these plates 
in Rliizowinus. The radial axillaries give ofl cadi 
two arms, thus recurring t o  the more usual arrnnge- 
ment in tho order, and the alternate syzygies on 
the arms, which form so remarkable a character in 
Rlzizocrirvus, are absent. . 

Only one nearly complete specimen and a de- 
tached stem of this very remarkable species were 
met with, and they were both brought up from the 
very greatest depth which lias as yet been reached 
with the dredge, 2,435 fathoms, at the mouth of 
the Bay of Biscay, 200 miles south of Cape Clear. 

It would seem, in our present state of knowledge, 
that the stalked crinoids are members of the decp- 
sea fauna. A second specimen of another very 
remarkable form, Bolopus rafigi, D’ORBZGXY, has 
lately been procured from deep water off Barbadoes, 
and that species, with those already noted, makes 
up the tale of living forms belonging to  the order 
which are known at the present time. It is unwise 
to prophesy; but when we coiisider that the first 
few scrapes of the dredge at  great depths have 
added two remarkable new species t o  the living 
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representatives of this group, iuitil 1107\7 supposecl 
to  be on the verge of extinction, and that all the 
known species are from depths beyond the limit 
of ordinary dredging, we aye led t o  anticipate that 
crinoids may probably €orm rather an important 
element in the abyssal fauna. 

The general distribution of the deep-sea Asteridea 
has already been referred to. Perhaps the n m t  
olsvious peculiarity whic~i they present is tlie q*eat 
preponderance of the genera Asfropzizinz,  A9*~76as~el', 
~4sf7~opecleiz, and their allies. Genera belonging 
to other groups clo not  app'arent'iy become less 
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numerous, for species of Asteracuntlzion, Cribrellcr, 
Asteriscus, and Op7zidiaster are as abundant as they 
are at lesser depths ; but as we go down new species 
with tesselated mailing on the disk and inassivc 
marginal plates seein to be perpetually added. I n  
our own seas some few very characteristic forms, 
such as Astrogonium plwygianw?z and ArclUster 
mdromeda andparellii, are on the verge of the deep 
water, and are now and then taksn a t  the outcr 
limit of shore dredging, or on fishing-lines ; while in 
-the deep water all along the north and west of Scot- 
land Astrogonium granulalie, Arc7~tster  tenuispinus, 
and Astropecten arcticus abound, and the dredge 
is enriched from time to time with examples of such 
forms as Arcr’,aster bifrons (Fig. 74), 11. vexill?@, and 
Astrogoniuim Zongiinanurn, MOBIUS. Many additions 
have been made to  the singular little group of whicli 
P,!erasder may be taken as a type, but I am inclined 

to  think that these are to  
he referred dong with most 
oP the characteristic Opliiu- 
ridans rather to a fauna in- 
habiting median depths, and 
coming within range of the 
naturalist’s dredge on the 
coast of Scandinavia, than 
to the abyssal fauna; and 
the same may be said of a 
few other forms, such as 

Solaster fug*cfey (Fig. 75), and Peclicellaster typicus 
which, althougll Iieyond the 200-fathom linc on the 
coast of Britain, do not appear t o  have a great 
range of depth. 

(No. 55, 18G9) 
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Twenty-six Echinideans were observed during the 
' Lightning ' and ' Porcupine ' cruises off the coasts 
of Britain and Portugal at depths ranging from 100 
t o  2,435 fathoms, at which latter depth the group 
was represented by a small variety'of Echinus nor- 
vegicus, and a young example of Brissopsis lyrfycra. 

Among the Cidaridap, Cidaris pupillato, LESKZ, 
occurs in enormous numbers over hard ground, a t  
depths froin 100 to 400 fathoms. This species has 
a very wide range, inhabiting an apparently un- 
broken belt from the North Cape to the Strait of 
Gibraltar, and then passing into the Mediterranean. 
This is a variable form, within narrow limits of 
variation. The southern specimens gradually pass 
into the form,-it can scarcely be cdlcd a variety,- 
which is the type of Lamarclc's species, C. hystrkr. 
Cidaris agiuis, PmLIPrr,  is very 'common in the 
kkcliterranean, especially along the African coast. 
I think this pretty little form must for the 
present Be considered distinct. Tho body .spines 
are bright scarlet, and the long spines, in marked 
specimens, are brown banded with red or rose, so 
that it is a singularly pretty object. 

The genus Porocidaris and the three species of the 
family Echinothurid;le, and their interesting relations 
to fossil forms, have already been considered; but 
even these are scarcely more suggestive of early 
times than , two genera of irregular urchins, one 
dredged off the coast of Scotland, and the other at 
the mouth of the English Channel, 

The first of these is PourtnZesia, one species of 
lvhich, P. j e f m ~ s i ,  has already been figured and 
described (p. 108). According to the classification of 
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Desor, which makes the disjunct arrangement of the 
ambulacra at  the apex the test character of the 
Dgsasteridae, this genus should be referred t o  that 
group, for the apical disk is truly decomposed as in 
Dysaster and Collyrites, and not merely drawn out 
as in Ananchptes. From the arrangement and form 
of the pore areas, however, and the  general appear- 
ance and habit of the animal, I am inclined to think 
with Alexander Agassiz, that its affinities are more 
with such forms as Infulaster. Pourtalesia must be 
aberrant in whatever group it may be placed. 
. The other genus Neolanzias, A. AG., associates itself 

with the Cassidulide in virtue of the nearly central 
pentagonal mouth with a tolerably distinct flocelle, 
the anal opening at the bottom of a deep posterior 
groove excavated in a projecting rostellum, the nar- 
row ambulacral areas, and the sinal1 compact group 
of apical plates ; but it differs from all known genera 
of the family, living or extinct, in having no trace of 
a petaloid arrangement of the ambulacra, which are 
reduced on the apical surface of the test t o  a single 
pore passing through each ambulacral plate, and 
thus forming a double row of alternating simple 
pores for each ambulacral area. I think I am right 
in  identifying a single specimen, nearly 20 mm. in 
length, which we dredged in 800 fathoms water at 
the mouth of the Channel, with the species dredged 
by Count Pourtales at  depths from 100 to 150 
fathoms, in the Strait of Florida, and described by 
Alexander Agassiz under the name of Neolampas 
qaostel Zatus. 

Of the twenty-six Echinoderms dredged from the 
6 Porcupine,’ six--~~c~~ilzzis jieuzingii, ~c~Li.nus esculen- 
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ius, Psainntecltinus nziliar is, E c l h  ocy anaus ungul u t us, 
Anaphidetus cordatus, and Spa tangus purpweus-may 
be regarded as denizens of modcrate depths in the 
' Celtic province,' recent observations having merely 
shown that they have a somewhat greater range in 
depth than was previously supposed. Probably S~ia- 
tangus ru.scAi may be an essentially deep-water form 
having its head-quarters in the same region. Seven 
species - Cidaris papillatu, Echinus elegans, E. nor- 
vegicus, E. rarkpinu, E. microstoma, Brissopsis lyri- 
fera,  and 5?ripylusfi.ugilis-are members of a fauna 
of intermediate depth ; and all, with the doubtful ex- 
ample of 3clt.inus microstomu,, have been observed in 
comparatively shallow water off the coasts of Scan- 
dinavia. Five species- Ciduris uflnis, ~ c l t i r ~ u s  emlo, 
Toxopn eus t es bwz; kp inosus, Psanzmec?~inus naicr o - 
tuberculatus, and Sckizaster canul$ws-are recog- 
nized members of the Lusitanian and Mediterranean 
faun= ; and seven--Forocidai*is p rpura t a ,  Phor- 
mosonza placelzta, Ca.!veria hysti*ix, C. fenestvata, 
Ncolumpas rostellatw, Pourtalesia jefreysi, and P. 
phiale-are forms which have been for the first time 
brought to ligbt during the late deep-sea dredging 
operations, whether on this or on the other side of 
the Atlantic. There seems little doubt that these 
must be referred to the abyssal fauna., upon whose 
confines we are now only beginning to encroach. 
Three o i  the most remarkable generic forms-Cul- 
veriu, Neolumpas, and Pourtalesia-have been found 
by Alexander Agassiz among the results of the deep 
dredging operations of Count Pourtales in. the Strait 
of Florida, showing a wide lateral distribution, while 
even a deeper interest attaches to the fzct that 
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while one family type, the Bcitinolhzcrida?, has been 
hitherto only known in a fossil state, the entire 
group find nearer allies in the extinct fauna of the 
chalk or of the earlier tertiaries than in that of 
the present period. 

As I have already said, the mollusca procured 
during the three years’ dredging are in the hands 
of Mr. Gwyn Jeffreys for identification and descrip- 
tion. From the large number of new species, and 
from the complicated relations which many of the 
forms from deep water bear to species now widely 
separated from them in ‘space, or belonging to past 
geological periods, the task will be a difficult one, 
and we cannot expect its completion for some time 
to come. In the meanwhile, Mr. Gwyn Jeffreys 
has published several preliminary sketches which 
are full of promise that his complete results will 
be of the highest interest. 

Mr. Gwyn Jeffreys believes that the deep-water 
mollusca which mere dredged throughout tho whole of 
the area, examined from the F&roe Islands to the coast 
of Spain, are almost all of northern origin. Most of 
tho species which have been already described were 
previously known from the Scandinavian seas, and 
many of the undescribed species belong to  northern 
genera. He points out that tho molluscan fauna 
of the Arctic Sea is as yet almost unknown ; but he 
reasons from the large collections made at  Spitz- 
bergen by Professor Torell, and from the fact that 
fragments of mollusca have been brought up in 
many deep-sea soundings within the Arctic circle, 
that the fauna is probably varied and rich. He 
instances sounding8 ’taken in 1868 by the Swedish 
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Arctic Expedition, which reaclied 2,600 fathoms, 
when a Czlma and a fragment of an A s t a h  came up 
in the ' Bulldog ' machine. He adds, '' It is evident 
that the majority, if not the whole of our submarine 
(as contradistinguished from littoral or phytopha- 
gous), mollusca originated in the Xorth, whence they 
have in the course of time been transported south- 
wards by the great Arctic currents. Many of them 
appear t o  have found their way into the Mediterra- 
nean, or to have left their remains jn the tertiary or 
quaternary formations of the south of Italy ; some 
have even migrated into the Gulf of Mexico." 

I have great hesitation in questioning any of the 
conclusions of mv friend MP. Gwyn Jefheys on a 
subject in which" he is so excellent an authority, 
but. I confess I do not quite see the cogency of his 
reasoning on this point,. It would seem rather that 
the last change in the molluscan fauna of the British 
mea, at moderate depths, consisted in the retirement 
of northern species at the close of the glacial period 
and the immigration of southern forms. The qua- 
ternary beds of the Clyde district contain a rich 
assemblage of mollusca ; those of the neighhourhood 
of Rothesay especially representing the deeper part 
of the Laminarian and the Coralline zone. The 
broad characteristic of the fauna of this bed is 
that many of the most numerous species-for 
example, Pecten islalzdicus, Tellilza calcarea, and 
Natica clausa-are now extinct in tho seas of 
Britain, but are still met with in abundance in the 
Seas of Scandinavia and Labrador ; while many forms 
now extremely common in the British seas and 
]laving a Bouthern extension are entirely absent. 
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We found some of the glacial shells of the Clyde 
beds living on the northern outskirts of our region, 
-TeZZirvu calcureu, for instance, was very common 
in some of the Pjords in F&roe. It seems evident 
that this fauna quietly retreated northwards in the 
face of slowly altering circumstances. Such an 
instance of change of fauna, which we are able in 
a great degree to trace step by step, has an interest- 
ing bearing upon the great question of the contem- 
poraneity of beds containing generally the same 
fauna at  distant localities. We can well imagine 
that a block of perfectly recent silt might be brought 
from a locality on the verge of the Arctic circle, 
imbedding precisely the same species of mollusca 
as those contained in a block of tlie Clyde glacial 
clay, and the mineral character of tlie matrix in 
the two cases might correspond most closely ; apply- 
ing the ordinary geological rule, those two blocks 
agreeing in their palaeontological characters ought 
to  be contemporaneous,-but we know that while 
the nortliern silt belongs to the present period, the 
British glacial clays are overlain by a deep series 
of modern deposits, representing the lapse of a 
period of time considerable even in a geological 
sense, and containing a fauna of a very different 
character. This is no doubt a comparatively trifling 
case, involving beds of no grcat depth OF import- 
ance, but it is a case in which two beds correspond 
palsontologically, and yet we h o w  that they are 
not contemporaneous from one of them being overlain 
by a Considerable thickness of newer strata, while the 
other is nom forming, and thus furnishes a date, a 
rare and valuable thing in geology. 
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I have already pointed out that in reasoning upon 
the ground of identity of deep-sea forms with species 
hitherto found in Scandinavia, we must remember 
that the conditions of temperature of our southern 
Seas at great depths-the conditions which appear to 
hm3 the greatest influence upon ,the distribution of 
species-correspond very closely with those of much 
shallower water ia the Scandinavian seas; and that 
consequently the corresponding fauna in the northern 
regions n’as much earlier, and is still much better 
known. Mr. Gwyn Jeffreys lays great stress upon 
the greater numbers and the greater development 
in size and in prominent characters of sculpture and 
Other ornament, of the Arctic examples of species 
Common to our deep water. This is no doubt often 
the case, but we must admit that in many groups, 
and particularly among the mollusca, there is a 
tendency t o  dwarfing in deep water, and I should 
think it very possible that a species may attain 
a greater size and development in that region where 
its zone of special temperature conditions comcs 
nearest the surface,-niost under the influence of 
air and light. 

Many of the mollusca from the deep water have 
hitherto been found only in the northern portions of’ 
the area examined, and are generally allied t o  northern 
forms. As examples of this group I may mention 
two interesting additions to the already famous Shet- 
land fauna, Buccinopsis striata, JEFFREPS (Fig. 76), 
a form somewhat allied to Buccinopsis dutei, which 
llas long been one of the prizes of the Shetland seas, 
and Lutirus atbus, JEFPREYS (Fig. 77), known also 
from the coast of Norway. Cerithium gf*unosunz, S. 



V. WOOD, also common to Norway and Shetland, 
is found fossil in tlie coralline and red crag, and 
Fliszcs snrsi, JEFFREYS, common t o  Shetland and 
Norway, is found fossil at Bridlington. 

Several species have hitherto been linown only 
from the south, and Mr. Jeffreys fiiids a difficulty 
in  accounting for their presence. Thus, l’ellina com- 
p r e s s ~ ,  BROCCIII, is linown from thp Canary Islands 
a,nd the Mediterranean, and is fossil in the newel. 
Italian tertiaries. Yei*licoi*dia acuticoslntu, PIXILIPPJ, 

I have already referred to as being found on the 
coasts of Portugal and of Japan. It is a common 
fossil in the coralline crag of Calabria. The mol- 
lusca which are of the most special interest, how- 
ever, are those which we must refer t,o the abyssal 
fauna. About this group we know as yet very 
little. Like the Echinoderms, they seem to be special, 
and t o  have a wide latcral extension. Pleuronectin 
lucida, JEFFRETS (Fig. 78), a pretty little clam be- 
longing to  the Pecten. pleuroizectcs set, is figured 
both from tlic North Atlantic and from the Gulf of 
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Mexico. The abyssal rnollusca are by no means de- 
void of colour, though, as a rule, they are paler t h m  
those from shallow watcr. Daciydiunz viti~um-- 
a curious little mytiloicl shell-fish whicB makes a d  
inhabits a delicate flask-shaped tube of foraminifera, 

sponge spiculcs, coccoliths, and other foreign bodies, 
cemeiited together by organic matter and lined by a 
delicate membranc-is of a fine reddish brown colour 
dashed with green, from 2,435 fathoms; and thc 

animals of one or two species of Lima €ram cxtrcme 
depths are of the usual vivid orange scarlet. Neither 
are the abyssal inollusca universally dcstitute of eyes. 
A new species' of P~ezwotonm from 2,090 fathoms had 
a pail* of wcll-developed eyes on short footstalks ; and 

I t  I1 
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a ~ ’ U S U S  from 1,207 fathoms mas similarly provided. 
The presence of organs of sight at these great depths 
leaves little room to doubt that light must reach even 
these abysses from some source. From many con- 
siderations it can scarcely be sun-light. I have 
already thrown out thc suggestion that tlic whole 
of the light beyond a certain depth might be due 
t o  phosphorescence, which is certainly very general, 
particularly among the larvx and young of deep- 
sea animals; but the question is one of extremo 
interest and difficulty, and will require careful in- 
vestigation. 
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THE COXTlNUITY OF FEE CHALK. 
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VERY speedily after the first samples of the bottom of 
the mid-atlantic had been brought up by the s o ~ u d -  
ing-he,  and submitted to  chemical analysis and 
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to microscopical examination, 'many observers were 
struck with the great similarity between its composi- 
tion and structure and that of the ancient chalk. I 
have already described the general character and the 
mode of origin of the great calcareous deposit which 
seems to  occupy the greater part of the bed of the 
Atlantic. If we take a piece of the ordinary soft 
white chalk of the south of England, wash it down 
with a brush in water, and place a drop of the 
milky product on the slide of a microscope, we find 
that it consists, like the Atlantic ooze, of a large pro- 
portion of fine amorphous particles of lime, with here 
and there a portion of a Qlobigerina shell, and more 
rarely one of these shells entire, and a considerable 
proportion-in some examples coming up to nearly 
one-tenth of the whole-of ' coccoliths,' which are 
indistinguishable from those of the ooze. Altogether 
two slides-one of washed down white chalk, and 
the other of Atlantic ooze-resemble one another so 
clearly, that it is not always easy for even an accom- 
plished microscopist t o  distinguish them. The nature 
of chalk can also be well shown, as has been done by 
Ehrenberg and Sorby, by cutting it into thin dia- 
phanous slices, when the mode of aggregation of the 
different materials can be readily demonstrated. 

But while successive observers have brought out 
more and more cleai81y those resemblances,-suffi- 
ciently striking to place it beyond a doubt that the 
chalk of' the cretaceous period and the chalk-mud of 
the modern Atlantic are substantially the same,-a 
more careful investigation shows that there are very 
important differences between them. The white chalk 
is very homogeneous, more so perhaps than any other 
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sedimentary rock, and may be said to be almost pure 
carbonate of lime. I quote an analysis of the white 
chalk of Shoreham (Sussex), by Mil. David Forbes.' 

Calcium carbonate . . . . . . . .  9840 
Magnesium carbonate . . . . . . .  0.08 
Insoluble rock d6ln.i~ . . . . . . .  1.10 
Alumina and loss . . . . . . . .  0.42 

100.00 

Even the grey chalk of Folkestone contains a very 
large proportion of carbonate o l  lime, the other sub- 
stances existing merely as impurities wbich can 
scarcely be said to enter into the composition of the 
rock. The following is an analysis by Mr. Forbes of 
the base of the Folkestono grey chalk :- 

Calcium carbonate . . . . . . . .  94.09 
Magnesium carbonato . . . . . . .  0.31 
Insolublo rock dkbis . . . . . . .  3.61 

a tracu Phosphoric acid 
Alumina andloss . . . . . . .  
Sodium chloride . . . . . . . . .  1 *!I 9 
Water . . . . . . . . . . . .  0.70 

100*00 

. . . . . . . .  
} 

The most remarkable point in this analysis is that 
while white chalk is almost always associated with 
chert and flints, the chalk itself does not contain a 
Particle of silica, 

The chalk-mud of the Atlantic on the other hand 
contains not more than 60 per cent. of calcium C a r -  
bonate, with 20 to 30 per cent. of silica, and varying 
Proportions of alumina, magnesia, and oxide of iron- 
%'e must remember, however, that in the English 

Quoted in Mr. Prestwich's Presidential Address, 1871. 
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cliffs me have the chalk in its very purest form, and 
that in various parts of the mroi*ld it assumes a very 
different character, and contains carbonate of lime in 
very different proportions. Mr. Prestwich instances 
a bed 28 to 30 feet thick of the white chalk (Terrain 
Senonien) of Touraine, in which carbonate of lime is 
entirely absent. 

There can bc no doubt vliatever that me have 
forming at  the bottom of the present ocean, a vast 
sheet of rock which very closely resembles chalk ; 
and there can be as little douht that the old chalk, 
the cretaceous formation which in some parts of Eng- 
land has been subjected to  enormous denudation, and 
which is overlaid by the beds of the tertiary series, 
was produced in the same manner, and under closely 
similar circumstances; and not the chalk only, but 
most probably all the great limestone formations. In 
almost all  of these the remains of foraminifera are 
abundant, some of them apparently specifically iden- 
tical with living forms; and in a large number of 
limestones of all ages Dr. Gumbel lias detected the 
characteristic coccoliths.’ 

Long before commencing the present investigation, 
certain considerations had led me to regard it as 
highly probable that in the deeper parts of the At- 
lantic a deposit, differing possibly from time to time 
in composition but alnrays of the same general cha- 
racter, might have been accumulating continuously 
from the cretaceous or even earlier periods to the 
present day. This view I suggested in my first letter 
to Dr. Chrpenter urging tho exploration of the sea- 
bed ; and from the first it has had the cordial support 
of my colleague, whose intimate acquaintance with 
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some of the animal groups whose remains enter most 
largely into the chalk both old and new, makes his 
opinion on such a question particularly valuable. 

On our return from the ‘ Lightning ’ cruise, during 
which we believed that our speculation had received 
strong confirmation, we used the expression,-perhaps 
somewhat an unfortunate one since it was capable of 
misconstruction,-that we might be regarded in a 
certain sense as still living in the cretaceous period. 
Several very eminent geologists, among whom were 
Sir Roderick Murchison and Sir Charles Lyell, took 
exception to this statement ; but it seems that their 
censure was directed less against the opinion than 
the mode in which it was expressed; and I think I 
may say that the doctrine of the continuity of the 
chalk, in the sense in which we understood it, is now 
very generally accepted. 

I do not maintain that the phrase ‘we are still 
living in the cretaceous epoch,’ is defensible in a 
strictly scientsc sense, chiefly because the terms 
‘ geological epoch ’ and ‘ geological period ’ are 
thoroughly indefinite. We speak indifferently of 
the ‘ Silurian period,’ and the ‘ Glacial period,’ with- 
out consideration of their totally unequal value ; 
and of the ‘Tertiary pcriod,’ and of the ‘Miocene 
Period,’ although the one includes the other. The 
expression is intended rather in a popular sense 
to meet what was certainly until very lately the 
general popular impression, that a geological period 
has, in the region where it has been studied and 
defined, something like a beginning and an end; 
that if is bounded by periods of chmge--elevation, 
denudation, or some other evidence of the lapse 01 
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unrecorded time ; and that it would be inadmissible 
to speak of two portions of the same continuous 
deposit, however distant the times of their deposition 
might be, and however distinct their imbedded 
faunze, as belonging to different ‘Geological periods.’ 

It was certainly in this sense that in an address to  
a populaT audience in April 1869 I ventured to state 
my belief that it is not only chalk which is being 
formed in the Atlantic, “but the chalk, the chalk of 
the cretaceous period.” Sir Charles Lyell says, in 
summing up his objections to this view,’ “The 
reader will at once perceive that the present Atlantic, 
Pacific, and Indian oceans, are geographical terms 
which must be wholly without meaning when applied 
to the eocene, and still more to the cretaceous period, 
so that to talk of the chalk having been uninter- 
ruptedly formed in the Atlantic is as inadmissible in 
a geographical as in a geological sense.” I confess 
I do not see the geographical difficulty; the 
“ Atlantic ocean ” is, undoubtedly, a geographical 
term, but the depression under discussion occupies 
the area at present expressed by that term, and to 
use it seems t o  be the simplest way of indicating its 
position. We believe that the balance of probability 
is greatly in favour of the chalk having been unin- 
terruptedly forming over some parts of the area in 
question, and our belief is founded upon many con- 
siderations, physical and palaeontological. 
All the principal axes of elevation in the north of 

Europe and in North America have a date long an- 
terior to the deposition of the tertiary, or even of the 

1 The Student’s Elements of Geology. By Sir Charles Lye& Bart., 
F.R.S. London, 1871. P. 265. 
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newer pecondary beds, although some of them, such as 
the Alps and the Pyrenees, have received great acces- 
sions t o  their height in later times. All these newer 
beds have therefore been deposited with a certain re- 
lation in position to certain main features of contour 
ltrhich are maintained to the present day. Many oscil- 
lations have doubtless taken place since, and every 
spot on the European plateau may have probably 
alternated many times between sea and land; but it is 
difficult to show that these oscillations have occurred 
in the north of Europe to a greater extent than from 
4,000 to 6,000 feet, the extreme vertical distance be- 
tween the base of the tertiaries and the highest point 
at which tertiary or post-tertiary shells are found on 
the slopes and ridges of mountains. A subsidence of 
even 1,000 feet would, however, be sufficient t o  pro- 
duce over most of the northern land ti sea 100 fathoms 
deep, deeper than the German Ocean; and an eleva- 
tion to a like amount would connect the Shetland and 
Orkney Islands and Great Britain and Ireland with 
Deninark and Holland, leaving only a long deep Fjord 
Separating a British peninsula from Scandinavia. 
when we bear in mind the abundant evidence 
which we have that these minor oscillations, with a 
maximum range of 4,000 to 6,000 feet, have occurred 
again and again all over the world within compara- 
tively recent periods, alternately uniting lands and 
separating them by shallow seas, the position of the 
deep water remaining throughout the same, the im- 
portance of an accurate determination of the depth of 
intervening sea in speculations as t o  geographical 
distribution and the origin of special fauna b ~ o m @ s  
most apparent. 



4 i 4  THE DEPTHS OF TEX SEA. [CHAP. x. 

From a glance at the map (Pl. VIII,), and remem- 
bering that nearly the same arrangement exists in 
regard to the newer rocks of North America, it would 
seem that the sum of these minor elevations and 
subsidences has produced a general elevation of the 
edges, and a general contraction,-of a basin the long 
axis of which coincides roughly with the long axis of 
the Atlantic. The Jurassic beds crop out along the 
outer edge of the basin, the cretaceous beds form a 
middle band, while the tertiaries occupy the troughs 
and valleys. All of these, however, maintain a cer- 
tain parallelism determined by the contour of the 
earlier land and the direction of the older mountain 
ridges, to one another, and to the shores of the 
present sea. 

From the parallel of 55" north latitude, at  all 
events to the equator, we have on either sido of 
the Atlantic a depression 600 or '700 miles in width, 
averaging 15,000 feet in depth. These two valleys 
are separated by the modern volcanic plateau of the 
Agores. It does not seem to us to be at all probable 
that any general oscillations have taken place in the 
northern hemisphere sufficient either t o  form these 
immense abysses, or, once formed, to convert theom 
into dry land. 

Reasoning partly upon physical and partly upon 
palaeontological grounds, MI*. Prestwich thhks  it 
probable that the ancient chalk ocean which formed 
a great transverse belt entirely across southern and 
eastern Europe and central Asia on the one hand, and 
across the Isthmus of Panama and southern North 
America on the other, was cut off by a land barrier 
from the Arctic Sea, and on that account possessed a 
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much higher and more equable temperature to the 
bottom; and there is every reason to believe that such 
a land barrier did exist to the north of the great 
Atlantic basin, and continuous with the belt of 
northern land on which there is no deposition of cre- 
taceous rocks. He says that ‘‘ if such a land barrier 
existed at  the period of the chalk, and that barrier 
was submerged during the’earlier part of the tertiary 
period, it would, taken in conjunction with the very 
different conditions of depth under which the chalk 
and lower tertiaries were found, go far to account €or 
the great break in the fauna of the two periods.” 

Prom the information we have as to the depths 
in the South Atlantic and the North Pacific, there 
secms to be no reason, however, to suppose that a. 
barrier has recently existed shutting off the polar 
sea of the southern hemisphere; and I confess I 
cannot quite see how the result suggested by Mr. 
Prestwich could follow, without taking into account 
another condition of whose existence we seem to 
have evidence. A band of cretaceous rocks has been 
shown to extend round the world a little to tho 
north of the equator wherever we have dry land; 
and it has likewise been shown, from considera- 
tions of depth, that this chalk band probably es- 
tended also across our great ocean basins. At that 
time, then, it seems that no continent ranging from 
north to south interrupted the drift of the equatorial 
current, deflecting the heated equatorial water to 
north and south and inducing a return indraught 
of polar water. This would undoubtedly remove 
one great cause, if not the sole cause, of the present 
low temperature of deep water between the tropics. 
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According t o  this view, the reduction of the tempera- 
ture, the cause of the break in the fauna, would 
depend more upon the elevation of Central America 
and the Isthmus of Panama and the intertropical 
eastern coast of the continent of Asia, than even 
upon the depression of the northern barrier and the 
throwing open of the Arctic basin. 

‘‘ If at  any former period the climate of the globe 
was much warmer or colder than it is now, it would 
have a tendency to retain that higher or lower tem- 
perature for a succession of geological epochs. . . . 
The downess of climatical change here alluded to 
would arise from the great depth of the sea as com- 
pared with the height of the land, and the con- 
sequent lapse of time required to alter the position 
of continents and great oceanic basins. . . . The 
mean height of the land is only 1,000 feet, the 
depth of the sea 16,000 feet. The effect, therefore, 
of vertical movements equally I.,OOO feet in both 
directions, upwards and downwards, is to cause a 
vast transposition of land and sea in those areas 
which are now continental, and adjoining t o  which 
there is much sea not exceeding 1,000 feet in depth. 
But movements of equal amount would have no 
tendency to produce a sensible alteration in the 
Atlantic or Pacific oceans, or t o  cause the oceanic or 
continental areas to change places. Depressions of 
1,000 feet would submerge large areas of existing 
land; but fifteen times as much movement would 
be required t o  convert such land into an ocean of 
average depth, or to  cause an ocean three miles deep 
to replace any one of the existing continents.” 

1 Lyell, Principles of Geology, 1867. Pp. 265-6. 
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The wide extent of Tertiaries in Zurope and the 
north of Africa sufficiently proves that much dry land 
has been gained in tertiary and post-tertiary times, 
and the great mountain-masses of Southern Europe 
give evidence of great local disturbance. But al- 
though tho Alps and the Pyrenees are of sufficient 
magnitude t o  make a deep impression upon the 
senses of men, taking them together, these moun- 
tains would if spread out only cover the surface 
of the North Atlantic t o  the depth of six feet, and 
it would take at  least two thousand times as much 
to fill up its bed. It would seem by no means im- 
probable, that while the edges of what we, call the 
great Atlantic depression have been gradually raised, 
the central portion may have acquired an equivalent 
increase in depth; but it seems most unlikely that 
while the main features of the contour of tho northern 
hemisphere remain the same, an area of so vast extent 
should have been depressed by more than the height 
of Mont Blanc. On these physical grounds alone we 
are inclined t o  believe that a considerable portion of 
this area has been continually under water, and that 
consequently a deposit has been forming there unin- 
terruptedly, from the period of the chalk t o  our own. 

I will now turn to the pala?ontological bearings of 
the question. Long ago Mr. Lonsdale showed that 
the white chalk was mainly made up of the dbbris of 
foraminifera, and Dr. Mantell estimates the number of 
these shells at more than a million to  a cubic inch. 
In 1848 Dr. Mantell, speaking of the chalk, says 
that it "forms such an assemblage of sedimentary 
deposits as would probably be presented to ohserva- 
tion if a mass of the bcd of the Atlantic, 2,000 feet 
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in thickness, were elevated above the waters and 
became dry land ; the only essential difference would 
be in the generic and specific characters of the im- 
bedded animal and vegetable remains.”’ In 1858 
Professor Huxley spoke of the Atlantic mud as 
c c  modern chalk.” Very early the identity of some 
of the chalk foraminifera with species now living was 
observed. Mr. Prestwich, in his able A w v z b  of this 
question, so often quoted, gives a table drawn up by 
Professor Rupert Jones of 19 species of foraminifera 
out of 110 from the Atlantic mud identical with 
chalk forms, vie. :- 

Otlier older Forrnstiona in which 
they uro also found. 

Bpeciee of Fornrninifars found in both the A tlnntlc 
Mud and the Clialk Of EnglNld and EUropO. 

U’Z 
- h a  

-. _ _ _ .  - 

i 

Glanrlulina lauigata, D‘ORBIONY . . 
Nodosaria radicula, LIKN. . . . . 

rapibanus, LINN. . . . 

Cristellaria cullrata, MONT. . . . Dentalina cornmuhis, D’ORnlmY . . 

,, rotzdata, LAX . . I . 
,, crepidula, F. and M. . . 

Lagenasulcata, W. and J. . . . . 
,, ylolosa, NONTAGU . . . . 

Polymorphinu lactea, W. and J. . . 
1, communis, D’ORBIGNY. 

x - x - -  ! 
x x x - - i - I x x - 
x x x - - 
x x x x 

X X X - 
- - - - - 

x - - - - 

- I  - x - - -  

- - - - -  
- - - - - , 
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And the following table, showing the number of 
foraminifera common t o  the Atlantic mud and various 
geological formations in England :- 

. - - - ..- .. 

I I Coinmon to tlic following Fonnationa 

... . 

Cnrbo- 
nilerons. 

I 

The morphology of the foraminifera has been 
studied \yit]i great care, and tlie differences between 
closely allied so-called species are so slight that it is 
possible that in many cases they should only be 
regarded as varieties; but this careful criticism and 
appreciation of minute differences renders it all the 
more likely that the determinations are correct, and 
that animal forms which are substantially identical 
have persisted in the depths of the sea during a con- 
siderable lapse of geological time. 

I n  the late deep-sea dredgings by M. de Pourtales 
off the American coast, and by H.M. ships ' Light- 
ning ' and ' Porcupine,' and Mr. Marshall Hall's yacht 
'Noma'  off the west coast of Europe, no animal 
forms have been discovered belonging to any of tlie 
higher groups, so far as we are as yet aware, speci- 
fically identical with chalk fossils ; and I do not think 
that we have any right to expect that such will be 
found. To a depth of 5,000 feet or so a large portion 
of the Xorth Atlantic is st present heated very con- 
siderably above its normal temperature, while the 
Arctic and Antarctic indraught depresses the bottom 
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temperature in deep water to a like extreme degree. 
These abnormal temperatures are dependent upon 
the present distribution of sea and land; and I 
have already shown that we have evidence of many 
oscillations, in modern times geologically speaking, 
which must have produced totally different condi- 
tions of temperature over the same area. Accepting, 
as I believe we are now bound to do in some form, 
the gradual alteration of species through natural 
causes, we must be prepared t o  expect a total absence 
of forms identical with those found in the old chalk, 
belonging t o  groups in which there is sufficient 
structural differentiation t o  require or t o  admit of 
marked variation under altering circumstances. The 
utmost which can be expected is the persistence of 
some of the old generic types, and such a resemblance 
between the two faunae as to justify the opinion that, 
making duo allowance for emigration, immigration, 
and extermination, the later fauna bears to the 
earlier the relation of descent with extreme modi- 
fication. 

I have already mentioned that one of the most 
remarkable difFerences between the recent Atlantic 
chalk-mud and the ancient white chalk is the total 
absence in the latter of free silica. It would seem, 
from the analysis of chalk, that silicious organisms 
were entirely wanting in the ancient cretaceous seas. 
In the chalk mud, on the other hand, silica is found 
in abundance, in most specimens to  the amount of 
from 30 to  40 per cent. A considerable portion of 
this is inorganic silica-sand; and its presence is 
doubtless due to the circumstance that our dredgings 
have hitherto been carried on in the neighbourliood 



of’ land and in tlie path of slight currents, whilst the 
extreme purity of‘ the white chalk of Sussex would 
Seeul to indicate that i t  liad becn laid down in deep 
still water far from land. A considerable proportion 
of the silica of the challi-mud, however, consists of 
the spicules of sponges, of tlie spicules and sliields 
of radiolarians, and of tlie fi-ustules of diatoms; 
2nd this organic silica is uniformly distributed 
through the whole mass. Taltcn in  connection wi thi 
the absence of diffused silica in the white chalk, 
we h a w  the singular fact of the presence of regular 
layers of flinty masses of nearly pure silica, pre- 
senting frequently the external form of 133019e or 
less regularly-sliaped sponges, and fi*equently filling 
up the cavities of sea-urchins 0 1 9  bivalve shells. If‘ 
we take the simple instance of pure grey flint filling 
up entirely the cavity of an urcliin, such as Gale- 
rites albo-plerus,  01’ ~ ? ~ ~ ? z c h y t e s  ovut?is, and showing 
at  tlie oral opening of the shell a little projecting 
knob, 1iIce a bullet-mouIcI filled mitli lead, wc liave 
no cscape from the conclusion that after tlic death 
of the urchili the silica has percoluted into the slicll 
in solution or in a gelatinous condition, and tlie silica 
must have previously esistcd in some otlier form, 
either in the clialk or elsewhere. In  the chalk wliicli 
contains not a trace of silica wc often find the moulds 
and outlines of organisms which we know to  have bcen 
silicious, from wliich tlie wliole of the silica has been 
removed ; and I have more than once seen cases in 
which a portion of the delicate tracery of a silicious 
sponge has been preserved entire in a flint, while the 
remainder of the vase which projected bcyolld tllc 
outline of thc flint appeared in thc chalk as a trellis- 

I 1  
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work of spaces, vacant, or loosely filled with peroxide 
or carbonate of iron. I t  therefore seems certain that 
by some means or other the organic silica, distributed 
in the shape of sponge spicules and other silicious 
organisms in the chalk, has been dissolved or reduced 
to a colloid state, and accumulated in moulds formed 
by the shells or outer walls of imbedded animals of 
various classes. How the solution of the silica is 
effected we do not .precisely know. Once reduced 
to  a colloid condition, it is easy enough t o  imagine 
that it may be sifted from the water by a process 
of endosmose, the chalk matrix acting as a porous 
medium, and accumulated in any convenient cavities. 

I n  various localities in the chalk and green-sand of 
the North of England the peculiar bodies which are 
called Ventriculites are excessively abundant,-de- 
gant vases and cups with branching root-like bases, 
or groups of regularly or irregularly spreading tubes, 
delicately fieetted on the surface with an impressed 
network like the finest lace. In the year 1840 the 
late Mi*. Toulmin Smith published the result of 
many years’ careful study of these bodies, and gave 
a minute and most accurate description of their 
structure. He found thein to consist of tubes of 
extreme tenuity, delicately meshed, and having be- 
tween them interspaces usually with very regular 
cubial or octoliedral forms. These tubes in the Ten- 
triculites found in chalk mere empty, or contained a 
little red ochreous matter ; but when a ventriculite or 
a portion of one happened t o  be entangled in a flint, it 
was either incorporated with the flint or replaced by 
silica. Mr. Toulmin Smith supposed that the skeleton 
of the ventriculite had been originally calcai*eous, 



and he referred the group to the Polyzoa. When 
Mr. Toulmiii Smith studied the Ventriculites, the 
~exactinellidtr:-the spoiiges with six-rayed meshes 
or spicules-were practically u n k n o ~ ~ ~ n ,  though there 

were already a few cxamples in museums. One of the 
first results of deep-sea dredging was the discovery 
that thc challr-mud of the deep sea is in many places 
litei*ally crowdecl with these ; and when wc compare 

1 1 2  



such recent forms as Aphrocallistes, ljihiteon, Hol- 
tenia, and Aslcoizeiizu with certain series of thc chalk 
Ventriculites, there cannot be the slightest doubt that 
they 1)elong to the same family-in some cases to 
very nearly allied genera. Fig. 80 represents a very 
beautiful specimen of Yentriculites sinaplex preserved 
in flint, for which I ai11 indebted to Mr. Sanderson of 
Edinburg11. Looking at  this in the light of our 
knowledge of Buplectella or ilplwocablistes' beatiix, 
we ]lave no difficulty in working out its structure, 
even to the most minute microscopic detail. 

Other sponges, belonging chiefly to the Lithistidz 
and the Corticatae, re- 
produce with wonderful 
accuracy the  more irrc- 
gular sponge-forms of' 
the chalk and green- 
sand; and a group, as 
yet undescribed, but 
apparently an aberrant 
family of the Esperiadze, 
send out long delicate 

slightly, but in a most 
characteristic way, at  the point of their insertion 
into the sponge body, recalling very forcibly tile 
peculiar manner in which thc tube-like root processes 
join the sponge in such genera as the vaguely d e h e d  
Clmanit es. 

One sponge belonging to the group is represented 
at  Pig. 83. A. sphere 15 to 20 mm. in diameter con- 
sists Of a, Slnootll glossy external rind, composed of 
closely mcshed pin-lieaclcd spicules, \\.it11 t ~ v o  killcls 

FIG. !I.-veiitriculitu siniplez.. T ~ U L U I N  SUIT11. t ulies, which contract 
Outcr surfuco; four tlince the nntural sizc. 
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of ‘ spicules of the sarcode,’ one large, C-shaped, the 
other much more minute, answering to Bowerbank’s 
‘ tridentate equianchorate ’ type ; every now and then 

PIO. 82 -Vetitrinilites sinip1ex. T O ~ X N ~ N  Sxiric. Section of t l ie  miter ~311, 0110wiiig t1w 
etnictnro of t.lio silicioiiu iictwork. (s. so.) 

the rind thus formed coming to the margin of n small 
pore. The interior of the sphere is filled with soft; 
semi-fluid sarcode, supported 11y the loosest possible 

mesh-work of granular horny matter and pill- 
lleaded spicules. . From points apparently irregularly 
placed on the surface of the sponge, tubes about 
3 mm. iu diameter run out in all directions; 
the walls of the t:ubes are. thin and delicate, being 
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more so towards the distant ends, wliere the tubes 
contract slightly to  an open orifice. At the proximal 
end, at  the junction between the tube and the 
sponge body, there is also a contraction, and a slight 
pit-like involutiori of the surface of the sponge. 
There is something very characteristic in this pecu- 

liar form of junction which it is not easy to define, 
but which almost forces the conviction that there is 
the closest relation between these recent forins and 
tube-bearing fossil sponges such as Chomites. 

I'rofcssor Martin Duncan mentions scvcral corals 
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from the coast of Portugal more nearly allied to 
chalk forms than to any others, but it is in the 
Echinodermata that the peculiar relation between 
the ancient and tlie modern faun= becomes most 
apparent. To review briefly the chief points bearing 
upon this question. The Apiocrinidz, the group of 
fixed crinoids which I have already described, aro 
abundant tlwoughout the whole range of the Jurassic 
rocl~s, their remains being frequently very abundant 
in the thick cream-coloured limestone beds of the 
oolites. ToMrards the close of the Jurassic period, 
the typical genera disappear, and in the chalk we 
find the group represented by an evidently de; 0 enerate 
form, Bourguetticvinas. In some tertiary-beds fi-ag- 
merits of the stems of a small Bouvguet tkhus have 
1)een found, and such were likewise discovered in 
the recent limo breccia of Guadaloupe, which con- 
tained the well-known human skeleton now in the 
British Museum. Tlicre can be little doubt that 
these tertiary and post-tertiary fragments are to be 
referred rather to the genus Rhizocriws, which we 
now ltnow to be so widely distributed, living, in 
deep water. Now in this series of Apiocrinidx!, 
extending from the Forest marble to  the present 
time, although there is a succession of constantly 
changing species, yet the gradual degradation in 
development in the same direction througliout the 
series seems to point unrnistakeably to some form 
of continuity, to a type gradually succumbing to con- 
ditions slowly altering in an unfavourable direction. 

'l'ho other family of the stalked crinoids, the 
PentacrinidE, are in a diffeiwnt position. They are 
abundant in the Lias; very abundant in the l o ~ r  



oolite, where slabs are often found almost made up 
of them, with a characteristic deep-water association 
of Ciduris, Aslrogonizcn~, and Astropecten ; and al- 
though not abundant in the English chalk, several 
species are found, and these show no tendcncy to 
dcgcneracy. As might be expected, such remains 
are rare in tlic sliallom-water tcrtiarics. With regard 
to their distribution in modcrn seas, from the 
apparent abundance of F. ustei-iu and 2'. niulleri 
in deep water in the West Iiidies, and of F. zopillc- 
thonzsoizi ofT tlic coast of Portugal, it is very pos- 
sible, as I have already said, that they may occupy 
a much more important place in the abyssal fauna 
t h n  we a t  present imagine. 

Nearly all the additions from the deep water to 
the list of the Asteridea fall into the genera 
Awhus to*  and Aslropcctciz, OF into the various sub- 
divisions of tllc old genus Goniaster. PPom their 
l~rcaking up into a multitude of undistinguishalh 
ossicles by the decomposition of tlicir soft organic 
matter iiiiniediately after death, tlie fossil remains 
of star-fishes are comparatively rare, and are scarcely 
met with except in fine calcaiwus formations, such 
as the Wenlock limcstoiie,-ant1 in later tinics in the 
fino yellow limcstoncs of tlie oolites, and in tlic 
white chalk. I n  the latter formation, deposited ap- 
parently very much under the same circumstances 
as the Atlantic clialk-mud, tlic general charactcr of' 
the group of iiizbedded s t a r - f i sh  is almost tli, 0 same 
as in the modern fauna of the deep Atlantic. 

The Ecliiiiidea arc a more typical order. From 
the compactness of their tests they are more readily 
preserved entirc, and from thc earlicst periods tlicir 
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characteristic and harmoniously varying series are 
of considcrablc value in the discrimination of the 
different formations. I n  the soft white chalk of thc 
south of England their remains are extreinely tlbun- 
h n t .  Perhaps tlic most abundant and characteristic 
fossils in  the chalk are tlie Cidaridac, and these more 
than any other chalk fossils illustrate tlie peculiar 
conditions under which the chalk has been laid down. 
The great spines of Cidaris are attached to the plates 
Of the shell by a central ligament which passes from 
the cup on the spine to a perforation in the ball on 
the plate, and by a membrane which rises from the 
plate and passes over the base of the spine. The 
spines me, however, so disproportionately large, and 
the soft matter softens and decomposes so rapidly 
after death, that it is difficult to keep the spiiies 
attached to  a specinien prepared evcn with consider- 
able care. I n  tlie challc, tests of ~ i ~ l u r i s  are fre- 
quently preserved aBsolutely entire, wit11 1111 t h  
spines in position ; so that by carefully workiiig out 
the chalk writ11 a penlinife, we caii liere have the 
whole animal perfect. It is dificult to  see precisely 
]LOW this result can have been produced. Tlic urchin 
milst have sunk into the soft clialli-mud and 
been covered up by a suficient quantity to support 
its spines and test, and allow tlie whole to  become 
ETradudly compacted into a solid mass. One of the 

decp-sea Ciclarites belongs to a genus which 
]lad previously been supposed to be extinct, but the 
cllalk-mud forms generally do not show any special 
approach to any particular chalk species. Still thc 
general character of the group is the same. The 
xchinothuridtle were pi*eviously known o d y  US clialli 
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fossils, so that their presence apparently in abun- 
dance in the recent chalk-mud is a clear instance 
of the preservation of one of the old types hitherto 
supposed t o  be extinct. The same may be said of 
Pourtalessia, which must associate itself either with 
Anancl~ytes or with Dysasler, both of which are 
types of groups likewise supposed t o  have been lost. 
We thus find that, while 110 Zchinoderm hitherto 
discovered in the deep water is specifically identical 
with any chalk form, not only does the abyssal fauna 
with its abundance of the Cidaridae, Echinothuridae, 
and irregular urchins, and the disproportionate num- 
bers of the genera Astropecten, Astrogoiziunz, and 
StelZaste?-, and their allies among starfishes, singu- 
larly resemble the chalk in general facies; but 
several genera approach chalk fornis more closely 
than they do any hitherto known in a living state 
-approach them so closely as almost to force upon 
us the conviction that their relation is one of descent, 
accompanied by change of conditions and consequent 
modification, though not t o  any extreme degree. 

As I have already stated, the whole of the mol- 
lusca from the deep water which had been previously 
described as fossils were known from tertiary and 
post-tertiary beds ; with the very doubtful exception 
of our common Terebratu Eina caput-saiyentis, whicli 
certainly approaches very closely Terebratulu striata 
from the chalk. 

It is not surprising that this should be the case. 
It is a marked character of the European Tertiaries 
that with the exception of some of the older beds in 
the south of Europe, all of them have been deposited 
in shallow water ; so that the tertiary beds represent 
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the mineral accumulations and the fauna of the 
margin of some sea. We may say that they have been 
deposited in the shallow &her of tertiary seas whose 
deep-sea fauna is unknown, and this mode of expres- 
sion is most in accordance with previous ideas ; but if 
the view here advocated be correct, we must regard 
the tertiaries as the deposits formed and exposed by 
depressions ancl upheavals of the borders of the cre- 
taceous sea; of a sea which, with many changes of 
condition produced by the same oscillations which 
alternately exposed and submerged the tertiaries, 
existed continuously, depositing conformable beds of 
chalk-mud from the period of the ancient clialk. 

3Iollusca are chiefly shallow-water forms, although 
some of them are special to deep water, and others 
have a great vertical range. As I have already said, 
considering the many changes in the conditions which 
most affect animal life which have occurred during 
later geological times, we cannot expect to find any 
animals of the higher groups specifically identical 
with chalk fossils; the difficulty in the case seems 
rather to be t o  account for the identity of many 
living deep-watcr species with species found in the 
Tertiaries. I think, however, that we can find a clue. 
a h t  of the species common t o  the modern Atlantic 
and to tertiary beds are now found in the Atlantic at  
much greater depths than those at  which tliep were 
inlbedded in the tertiary seas. This we know by the 
species from shallower water which are associated 
with them in the Tertiaries. They are, therefow 
species which had a considerable vertical range ; and 
probably while many of the shallower water forms 
were exterminatccl by elevations or otlier change 
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affecting the first one or two hundred fathoms, they 
were enabled to survive, tlie deeper part of their 
habitat having suffered but little alteration. 

Sir Charles Lyell says: “Ths reader should be 
reminded that in geology we have been in the habit 
of founding our great chronological divisions, not on 
foraminifera and sponges, nor even on echinoderms 
or corals, but on the remains of‘ the most highly 
organized beings available to lis, such as mollusca. 
. . . In dealing with the mollusca, it is those of‘ the 
highest or most specialized organizations which afford 
us the best characters in proportion as their vertical 
range is the most limited. Thus the cephalopodaare 
the most valuable, as having a more restricted range 
in time than the gasteropoda, and these again are more 
characteristic of the particular stratigraphical sub- 
divisions than the lamellibranchiate bivalves, while 
these last again are more serviceable in classification 
than the hrachiopoda, a still lower class of sliell-fish, 
which are the most enduring of all.” With grcat 
deference to Sir Charles Lyell, I cannot regard tlie 
most higlily specialized animal groups as those most 
fitted to gauge the limits of great chronological 
divisions, though I admit their infinite value in 
determining the minor subdivisions. 

The culmination of such animal groups, such as 
we find in the inarvellous abundance and variety of 
both orders of cephalopods at  the end of the Jurassic 
and the commencement of the cretaceous period, 
undoubteclly brings into high relief, and admirably 
illustrates to the student, the broad distinctive cha- 
racters of tlic mczozoic fauna; but speaking very 
generally, the iiiorc highly a mollusc is specialized 
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the shallower is the water which it inhabits. Tlie 
cephalopods are chiefly pelagic and surface things, 
and tlieir remains arc consequently found in deposits 
from d l  deptlis. TO this general pelagic distri- 
bution of cephalopods tliere seem to be two re- 
markable exceptions, and these the two members 
of their class which arc by far the most interest- 
ing in tlicir geological relations. njaulilus ponz- 
~ ~ i l i u s  inhabits the deep water of tlie Pacific, while 
the habitat of f i p i ~ ~ ~ u  austsdis  is unknown. "lie 
shell of SjjirzfJa is thin and light, and, probably 
d t e r  the death of tlie animal and by tlie decom- 
position of orgc?nic matter, it becomes filled with air, 
and the emptied sliell floats, and is drifted along on the 
surface of tlie sea. Tropical sliorcs are strewn with 
the pearly little coil, w~iich attracts attention by the 
elegance of its form. It is abundant on all shores in 
the path of the Gulf-stream. Sy sselmann M'iiller gave 
me, a few years ago, a quantity which had been drifted 
on the soutli-\\lestern shores of different islands of the 
p*roe group. Still tlie structurc: of the animal of 
S'imcZa may he said to  be unknown. One specimeii 
only, which \vas described by Professor Owen, was 
found nearly perfect on the coast of Xew Zedand by 
%', Percy Noel. I suppose tliere can be little doubt 
that this is a deepwater form, and I hope that with 
Our deep-sea dredging we shall soon clear up its 
economy; but in the meantime the evident abundance 
of the animal and OUY ignorance of its history are 1'el'y 
suggestive. In tlie London clay one or two examples 
Of a fossil have been found, nearly allied to SpirUla, 
but difI'ering in this rcspect---t]iat a solid coiiical 
rostrum projects backwards, its half-calcified, 1 d f -  



horny substance enclosing the greater part of the 
curved spiral shell. Nom if the recent X'iruZa had 
been weighted with such a rostrum it mould probably 
have remained up to the present time utterly unlcnown 
to us. It is unwise to prophesy, but I certainly 
look upon some form allied t o  Spirzclirosl~is as one 
of the most likely spoils of the deep sea.. Prom the 
Tertiaries we pass t o  the Cretaceous forms, and find 
in BeZenzlziteZZa the chambered shell straightened and 
reduced, and the ' guard ' greatly increased in size. 
If Belemnites were deep-sea animals, as seems very 
probable, and i f  any of them still exist,-from the 
form and weight of their shells it is scarcely possible 
that they should ever be thrown up on the shore, 
and without deep-sea dredging they might remain 
for ever unknown. I merely mention this to  show 
that it is by no means safe t o  base even what little 
argument might rest upon it, upon the absence 
at the present time of all representatives of the 
cretaceous cephalopodous fauna. 

The gasteropods, with comparatively few excep- 
tions, range from the shore to  a depth of 100 to 
200 fathoms, and lamellibranchs become scarcer at 
a slightly greater depth; while some orders of bra- 
chiopods, crustacea, echinoderms, sponges, and fora- 
minifera, descend in scarcely diminished numbers to 
a depth of 10,000 feet. In  fact, the bathymetrical 
range of the various groups in modern seas corre- 
sponds remarkably with their vertical range in 
ancient strata. 
A change in the distribution of sea and land in- 

volving a mere change in the course of an ocean- 
current might modify the conditions of an area for 
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most cephalopods and all pteropods, heteropods, and 
other surface living animals of high type, even t o  
their extinction. By oscillations of 600 feet up or 
down, the great mass of gasteropods, and all reef- 
building corals, would be forced to emigrate, would 
become modified, or would be destroyed,-and another 
hundred fathoms would exterminate the greater num- 
ber of bivalves ; while elevations and depressions to 
ten times that amount might only slightly affect the 
region of brachiopods, ccbinoderms, and sponges. 

After a careful consideration of the results of recent 
investigations, we are strengthened in our confidence 
in the truth of the opinion which we previously held, 
that the various groups of fossils characterizing the 
tertiary beds of Europe and North America represent 
the constantly altering fauna of the shallower por- 
tions of an ocean whose depths are still occupied by 
a deposit which has been accumulating continuously 
from the period of the pre-tertiary chalk, and which 
Perpetuates with much modification the pre-tertiary 
chalk fauna. 1 do not see that this view militates in 
the least against the ( 6  reasoning and classification” of 
that geology wllich we have learned from Sir Charles 
Lye11 ; our dredgings only show that these abysses of 
the ocean-abysses which Sir Charles Lye11 admits in 
the Passage quoted above, t o  have outlasted on account 
of their depth a succession of geological epochs-ai’e 
inhabited by a special deep-sea fauna, possibly as persis- 
tent in its general features as the abysses themselves. 
I have said at tho beginning of this chapter, that I 
believe the doctrine of the ‘continuity of the chalk,’ 
8s understood by those who first suggested it, nom 
meets with very general acceptance ; and in evidence 



of‘ this I will quote two passages in two consecutive 
anniversary addresses by Presidcnts of the Geological 
Society, and we may have every confidencc that the 
statements of men of so great weight, made undcr 
such circuimtaiices, indicate the tendency of sound 
and judicious thought. Professor Huxley, in  the 
anniversary address for tlie year 1870, says :-“ Many 
years ago’ 1 ventured to speak of the Atlantic mud 
as ‘ inodern chalk,’ and I know of no fact inconsistent 
with the view which Professor Wyville Thornson has 
advocated, that the model;.n chalk is not only the 
lineal descendant, so to speak, of tlic ancient chalk, 
but that it remains, so to speak, in possession of the 
ancestral estate ; and that from the cretaceous period 
(if not much earlicr) to tlie present day, the decp sea 
has covered a large part of what is now the area of 
the Atlantic. But if Globigerirm and Terebiwtula 
cuput-seiyenlis and Berys ,  not to mention other 
forms of animals and of plants, thus bridge over the 
interval between the present and the mezozoic 
periods, is it possible that the ma.jority of othcr 
living things underwent a sea-change into something 
new and strange all at once ? ” 

And hlr. Prestwich, in the presidential address for 
1871, says :-“ Therefore, although I think it highly 
probable that some considerable portion of the deep 
sea-bed of the mid-Atlantic has continued submerged 
since tlie period of our clialk, and although the more 
adaptable forms of life may have been transmittcd in 
unbroken succession through t liis channel, the im- 
migrations of other and more recent faunas may 
have so modified the old population, that the original 

SSaturdiiy Review, 1858 : Chalk, Ancient and hlodcrtl.” 



CHAP. x.] CONl’INUIZT OF THE CIIALK. 497 

chalk element is of no more importance than is the 
original British elemelit in our own English people.” 

’Mi.. Prestwicli thus fully admits the high. pro- 
bability of ,  the ‘ continuity ’ for which we contend. 
The last question wlricli lie raises in  t ~ i c  sentence 
Quoted is one of enormous difficulty, which we have 
as yet no data to solve. I t  is perhaps not very much 
llarder, Iio\\r\Tevcy, after all, than the problem in ethno- 
logy which lie has selected as an illustration. 

Several other very important questions bearing 
upon thc conditiolis of the ocean at g iwt  depths, 
occupied tile attention of the naturalists in scientific 
charge of the dredgilig cruises of the ‘Lightning’ 
and ‘ Porcupine.’ An assistaiit versed in  the methods 
of chemical and physical research accompanied the 
vessel on each occasion. A son of Dr. Carpenter, 
%*. William Lant Carpenter, U.A., B.Sc., went on 

Mr. John Iluntei-, 
P.C. S., a promising young chemist, since deceased, 
accompanied me to t]le Bay of Biscay, and Mr- Her- 
bert Carpenter, a younger son of my colleague, was 
Our compaiiioli dilriilg the third long cruise in the 
paroe cllannel. 

The specific gravity of the water was taken at 
each station, and in tllc serial soundings the water- 
bottle was lct down to the intermediate depths and 
the water carcfully tested. The difl’erences observed 
meye very slight, but they were as a rule confirmatory 
Of Professor Forschaniiner’s opinion that Arctic water 
contains less salt than the sea-water of temperate 
and int cr t r opical regions. 

As I have already mentioned (page 46), organic 
matter in appreciable quantity was detected by 

first cruise IIritIi 31r. Jeffreys. 

Ji IC 
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permanganate test everywhere, and at  all depths. 
The gas contained in the water was carefully ana- 
lysed, and it was found, as a general result, that 
the amount of free carbon dioxide increased and 
the proportion of oxygen diminished with increased 
depth. There seemed t o  be reason to believe, how- 
ever, that the quantity of carbon dioxide depended 
t o  a great degree upon the abundance of the higher 
forms of life. Mr. Lant Carpenter used always to 
predict a bad haul for the zoologists when he found 
the proportion of carbon dioxide to the oxygen and 
nitrogen unusually low. The great increase in the 
quantity of carbon dioxide was just above the bottom. 
The general average of thirty analyses of surface- 
mater gives the following as t,he proportions of the 
contained gases present :-Oxygen 25.1, nitrogen 64.2, 
carbon dioxide 20.7 ; this proportion was subject, 
however, to great variations. Intermediate water 
gave an average percentage of oxygen 22.0, nitrogen 
62.8, and carbon dioxide 26.2 ; while bottom waters 
gave-oxygen 19.5, nitrogen 52.6, and carbon dioxide 
27.9. But bottom water, at ‘a comparatively small 
depth, often contained as much carbon dioxide as 
intermediate water at much greater depths. In one 
of the serial soundings, in which the water was 
taken at every 50 fathoms, three analyses gave the 
following fiingular result :- 

150 Fntliomi. 800 Fnthoine. Bottom, 803 Faths. 
Oxygen . . . . . 18.8 17.8 17-2 
Nitrogen . . . . 49-3 48.5 34.5 
Carbon dioxidu . . 31.9 33.7 48.3 

The greatly increased percentage of carbon dioxide 
in the stratum of sea-water immediately overlying 



the sea-bed, was here accoivpanied by a great abun- 
dance of animal life. 

1 can scarcely regret that the space at my disposal 
will not allow me to enter a t  present into the many 
very important bearings of these physical investiga- 
tions, for I am compelled to ndmit that I do not 
Place thorough confidence in our results. The obser- 
vations and analyses were undoubtedly conducted 
wit11 gwat care and skill, but the difference between 
different samples-in specific gi-avity, and more espe- 
cially in chemical composition and the relalive pro- 
Portion of the ingredients-is so very slight, that more 
exact rnetllods than those which have been llitherto 
elnployed will be required t o  insure accurate results. 

In such investigations everything clcpends up011 
the perfection of the ineans of liringing up water 
from any given depth; and the principle of the 
construction of the Tvater-bottle used in the ‘ h r -  
cupine’ was faulty. It consists of a strong tube of 
h s s  about t \ v O  feet in length and two inches in 
internal diameter, contailling ratlier more than a 
litre and a half, anc1 closed at  each end by a brass 
disk. I n  the centre of each of these disks there 
is a round aperture closed by a well-ground conical 
valve, both valves opening up\vards nrhcii the instru- 
ment is in position for being let down. 

In passing down through the water, a continuous 
current is supposed t o  raise tho valves and run 
tllrougli the bottle, tllus lieeping it constantly filled 
with the water of the 1a.yer tlirough wliich it is 
passing. On reversing the motion in hauling UP, 
the valves fdl into their places, and the contents 
of tlie t u lx  at t11c greatest deptli are brollgllt to 

K K 2  



the surface. This bottle appeared t o  auswcr fairly, 
and we often had evidence, from its turbidity, tlpt 
bottom-water came up ; but subsequent experiments 
have shown that it cannot be depended upon, and 
some of the reasons arc sufficiently obvious. The 
instrument will not work at all unless tlie descend- 
ing motion bc: sufficiently steady aiicl rapid to main- 
tain a current capable of keeping two lieavy brass 
valves open to tlieir full extent; i f  ihere be the 
slightest reversal or jerk, or irregularity in liauling 
up, the water is-at all events partially-changed ; 
the two valves, even whin thoroughly open, are 
directly in the path of the ingress and egress of 
tlie water-and there is reason t o  believe that the 
water is not so rapidly ancl thoroughly changed as 
we at first imagined. A pcrfcctly satisfactory water- 
bottle is still ti desideratum, but I believc that one 
which was used by Dr. Naycr ancl Dr. Jacobsen 
in the German Kortli Sea exlmlilion of ilic past 
sunimcr, goes far to rcmecly most of thesc defects. 
I hope we may be in a bctter position to give an 
opinion a year hencc. 

I give, in the appendix to this chapter, an abstract 
of the general results of the chemical investigations 
carricd on during the ‘ Porcupine ’ cruises of 1860 ; 
and I add a note, for ~vhich I am indebted to my 
friend Mr. J. Y. Uuchsnan, mho accompanies me as 
chcmist to the ‘ Challenger ’ expcdition, which will 
sliow how much has yet to lie clone before we can 
hope to  come to any really satisfactory conclusion 
as to tlic amount and condition of the gascs con- 
tained in sea-water. Keither, I regret to say, can 
wc place mucli reliance on thc determination of 
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organic matter in sea-mater by the pernlanganate 
method, although there is every probabjlity that 
the general result at w~iicli Tve arrived-that organic 

.matter is contained in the water of the occan in 
dl localities and at  all deptlis-is substantially true. 
The application of the exact methods of modem 
science t o  this line of inquiry is new, and it mill 
require long and patient work to bring it to per- 
fection. T'ie One real advance which has been made 
in this clirection is the addition to the appliances for 
the investigation of the physics o i  the deep sea ; of a 
correct and trustworthy instrument by which ocean 
temperatures can be ascertained to ally depth. with 
Tdmt may be regarded as abso1ntc accuracy for all 
practi cal piirposes. 



502 YWB DEPZ’lIS OF THE SEA, [CHAP. X. 

APPENUTX A, 

Sunzmcwy of the Results of. the l3xuminntion of h’amples of Sea- 
By Wai.  umte? talcen d l  t he  Surface and at darious Depth. 

LAST CARPENTER, B.A., B.Sc. 

Surfacc.zoaters.-Care was takqn to obtain these samples as 
pure as possible, and free from any contamination caused by 
matters derived from the vessel, by dipping them up in clean 
vessels a t  a few inches below the surface at  or near the bow 
of the ship. In two instances, however, the samples were taken 
from abaft the paddles. 

Water8 talcen at depths below the  surface.--It was foiind 
desirable to coat the brass Water-Bottles internally with 
sealing-wax varnish, owing t u  the corrosive action of the sea- 
water. The apparatus was then found to  tvorlr perfectly satis- 
factorily in all cases in which there was sufficient weight on the 
sounding-line to which they were attached to keep the bottles 
perpendicular, or nearly so. When, from the smallness of the 
attached weight, br the roughness of the sea, the sounding-line 
was at  an acute angle with the general level of the sea-surface 
while it was being drawn up, the results of the examination of 
water thus obtained rendered it highly probable that some water 
at or near the surface had found its way into the bottle, and that 
its contents were not to be relied on as coming from the lowest 
depths. 

When bottom-water was obtained from depths beyond 500 
fathoms, it was ahnost invariably charged with a quantity of 
very fine mud in suspension, rendering it quite turbid. Many 
hours’ standing was necessary for the deposit of this ; but it was 
readily removed Ly filtration. In  n o  instance was there any 
evidence of water from great depths being much more highly 
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charged with dissolved gases than surface-watcrs ; a considerable 
elevation of teinperature being in all cases necessary for the 
evolution of any dissolved gas. 

nfO& Of exarniiting Saniples.-Tlie samples of water thus 
were examined with as little delay as possible, with a 

view t o  determine :- 
(1) The sl~ecific gravity of the water: 
(2) The total quantity of dissolved gases contained in  them, 

and the relative proportions of oxygen, nitrogen, and 
carbonic acid. 

(3) The quantity of oxygen necessary to  oxidize the organic 
matter contained in tlie water ; distinguishing betwee.11 

a, the cleconiposed o q p i c  nlatter, and 
b, ‘the easily decomposable organic matter. 

(1) The specific gravity determinations were made at  a ten?- 
Watu re  as near 60” F&r. as possible, with delicate glass 1V’- 
drometers, so graduated that the specific gravity could be read 
Off directly to  the fourth decimal place with ease. 

(2) The apparatus for the analysis of the gases di~solved in 
the sea-water was essentially that described by Prof. Miller 
in the second volume of his ‘Elements of Chemistry.’ It was 
folulid necessary to  make several modifications in it, to adapt it 
to the motion of the vessel. These consisted chiefly in SUS- 
Pending much of it from the cabin-ceiling, instead of supporting 
it from beneatll, and in rendering all the parts less rigid by a 
free use of cttoutchouc tubing, &c., the utmost care being talten 
to Iceel) all joints tight. 

It was found possible to make correct analyses, even when 
the vessel was rolling sufficiently to upset chairs and cabin- 
furniture. 

The nietliod of analysis u a y  be thus summarizod:--From 
700 to 800 cubic centimetres of the sample to be examined 
were boiled for about thirty minutes, in  such R way that the 
steam and mixed gaws evolved were collected over merculy in 
a small graduated Bunsen’s gas-holder; all access of air being 
carefully guarded against. The inked gases were then trans- 
ferred to two graduated tubes in a mercurial trough, where the 
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carbonic acid was first absorbed by a strong solution of caustic 
potash; aiid subsequently the oxygen was absorbed by the 
addition of pyrogallic acid, the remaining gas being assumed to 
be nitrogen. 

The results of the analyses were always corrected to the 
standard temperature of 0” Cent., and to 7 G O  millimetres’ baro- 
metric pressure, for comparison among themselves and with 
others. In nearly every case the duplicate analyses from the 
same gaseous mixture agreed closely, if they were not identical. 

(3) The examination of the sea-water for organic matter was 
made according to the method detailed by Prof. Miller in the 
Journal of the Chemical Society for May 1865, with an addition 
suggested by Dr. Angus Smith.’ Each sample of water was 
divided into two; to one of these a little free acid was added, 
and to both an excess of a standard solution of permanganate 
of potash. At  the end of three hours the reaction was stopped 
by the addition of iodide of potassium and starch, and the 
excess of perinanganate estimated by a st&ndard solution of 
hyposulphide of soda. The portion to which b e  acid was added 
gave the oxygen required to oxidize the decomposed and easily 
decomposable organic matter ; tho second portion gave the 
oxygen required by the decomposed organic matter alone, which 
was usually from about one-half to one-third of the whole. 

The following is a summary of the total number of obser- 
vations, analyses, $c., macle during the three cruises respec- 
tively :- 

I 
I 
! - .- . - . . - ._ . . . . . .. - .. . . . . - -_ 
i 

Specific-gravity determilintiom , ! 
Duplicato gas-analyses . . . . 
Organic-matter tests . . . . . I 

I . ... ~- 

Firnt Socond 
Cruiso. Cruise. 

45 I 23 

187 , 26 
I 

Specijc Gravity.-The specific gravity of surface-water wm 
found to diminish slightly as land was approached; but the 



CHAP. X.] COiVTIA’UljPY OF THE CHALh: 505 

average of thirty-two observations upon water at a sufficient 
distance from land to be unaffected by local disturbances was 
1.02779, the inaxinium being 1.0284 and the niininium 1*0270. 

It was almost always noticed that, during a high wind, the 
specific gravity of surface-water was above the average. 

The average of thirty observations upon the specific gravity 
of intermediate water was 1.0275, tlie maximum being 1.0281 
and the minimum 1.0272. 

The specific gravity of bottom-waters at depths varying 
from 77 to 2,090 fathoms, deduced from an average of forty- 
three observations, was 1*0277, the maximiin1 being 1.0283 and 
the minimum 1.0267. 

It will be noticed that the average specific gravity of bottom- 
water is slightly less than that of surface-water. I n  several 
instances the specific gravities of surface- and of bottom-waters 
taken at the same place having been compared, that of the 
bottom-water was found to be appreciably less than that of the 
sarface-water. Thus- 

At 1425 fathoms’ depth (Stntion 17) it was . . 1.0269 
Surfuce at the same . . . . . . . . . .  1’0280 

At 664 fttthoms’ dopth (Stntion 26 b)  it WRB . . 1’0372 
Surface at tho Bailie . . . . . . . . . .  1.0280 

According, however> to a series of observations made at tile 
same spot (Station 42) at  intervals of fifty fathoms, from 50 to 
800, the specific gravity increased with tlie depth from 1.0272 
at  50 fathoms to 1.0277 at  800 fathoms. 

Several series of specific-gravity observations were made near 
the mouths of rivers and streams ; showing the gradual mixture 
of fresh and salt water, and tlie floating of lighter portions above 
the denser sea-water, as well as the reverse effect produced by 
the iufluence of tidal currents. Thus outside Belfast Lough ,Z 

rapid stream of water of specific gravit.y 1.0270 was found above 
water which, a t  a depth of seventy-three fathoms, had a specific 
gravity of 1,0265. 

Gas@ of Sea-water. -The analyses of the gaseous constituents 
of sea-water may be divided into two groups: (1) Analyses of 

And 



506 THE DEPITUJ' OP THE SEA. [CHAP. x. 

surface-waters. 
these last may be again subdivided into (a) intermediate, and ' 
(bj bottom-waters. 

The total quantity of dissolved gases in sea-water, whether 
at the surface or below it, was found to average about 2.8 
volumes in 100 volumes of water. 

The average of thirty analyses of surface-waters made during 
the expedition gave the following proportions :- 

(2) Analyses of waters below the surface; and 

Perccntnge. 1'rq)ortion. 
Oxygen . . . . . 25.046 100 
Nitrogen . . . 54'211 216 
Carbonic acid. . . 20'743 80 

7- 
100'000 

These were thus distributed over the three cruises, and the 
maxima and minima of each constituent are thus shown :- 

-- 
Mln Max. 
per per 

cent. cunt. 

10.00 02.05 

26.56 50.03 

18.98 06.0; 

-- 

-- __ 
Ifin. Max. 
pur per 

cetil. cent. 

40'95 82'0 

60.07 24'87 

-- 

$1.42 2i.14 

Mln. 

ceiit. 

12.72 

9.27 

6.64 

w 
- 

It is interesting to remark that surface-water contains a 
greater quantity of oxygen and a less quantity of carbonic acid 
during the prevalence of strong wind. The following is an 
average of five analyses niade under such condit.ions :- 

Per cent. Proportion. General avorogs. 
29.10 103 25'046 loo 

182 1 84'911 216 1 Carbonic acid . , 18.03 62 20743 83 

I n  the two cases which presented the rexnark8ble sinal1 
rniwirna of carbonic acid with a great excess of oxygen, the 
water had been accidentally taken from immediately abaft 
the paddles, where it had been subject to violent agitation 
in contact with air. 

Oxygen . . . . 
5 Nitrogen . . . 52.87 

z 
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Of water at various depths beneath the stirface, fifty-nine 
aiialyses were made. Those in the first cruise, twenty-six 
in number, were cliiefly froiii bottom-water a t  depths from 
25 to 1,476 fathoins. In tlie second cruise the twenty-one 
analyses chiefly belonged to two series,-the first of samples 
taken at  iiitervals of 250 fathoms, from 2,090 to 250 fathoms 
inclusivej and the .second of samples taken at  intervals 
of flfty fathoms from 862 to 400 fathoms inclusive. In the 
third cruise twelve analyses were made,-eight of bottom-water, 
of which one-half were in the "cold mea," and four a t  inter- 
lnediate depths. 

The general average of the fifty-uine analyses of water taken 
below the surfnce gives :- 

Percentago. Proportion. 
Oxygen. . , . . . 20'568 100 
h'itrogen . . . . . 62'240 264 
Carbonic acid. . . . 27.192 132 

100'000 
It will be seen from this that wlde the quantity of nitrogen 

is only 1.97 per cent, less than in  surface-watcr, the quantity of 
oxygen is climinislied by 4.48 per cent., and the quantity of 
carbonic acid increased by 6.45 per cent. This difference is 
greater if bottom-waters only are compared with surface-waters. 
-__ 

- - 
Oxygen , , , 

Nitrogen . . . 
Cnrbonic acid . 

I 

100.00 

'roportion. Per cent. I -~ 
100 22.03 

216 G1'82 

83 26'15 

100'00 

1 
'roportion 

100 

235 

119 

96 Bottom. 

Per cant. 

19%3 

52'60 

27'87 

loo.00 

- 
Propor. 

tlon. 

100 

26 1 

143 

_L 

- 
The two series of analyses, before referred to, performed 

during the second cruise upon intermediate waters at successive 
depths over the same spot, both show n regular increase of the 
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carbonic acid and diminution of the oxygen, as the depth 
increases, the percentage of nitrogen varying but slightly. 

These general results appear to show that the oxygen diini- 
nishes and the carbonic acid increases with the depth until the 
bottom is reached ; but that at the bottom, whatever the depth 
from the surface, the proportions of carbonic acid and of oxygen 
do not conform to this law, bottom-water at a coniparatively 
small depth often containing as much carbonic acid and as little 
oxygen as intermediate water a t  a greater depth. Wo instance 
occurred during the first two cruises in which (where samples 
of surface and intermediate or bottom-waters were taken a t  the 
same place) the quantity of ,carbonic acid was less and of 
oxygen greater than at  the surface ; the only exception occurred 
in the third cruise, a t  a place where, it is believed, currents of 
water were meeting. 

It was frequently noticed that a large percentage of carbonic 
acid in bottom-water was accompanied by an abundance of 
animal life, a.g shown by the dredge ; and tha t  where the dredge- 
results were burren, the quantity of carbonic acid was much 
smaller. The greatest percentage of carbonic acid ever found 
was accompanied by an abundance of life; while a t  a short 
distance (62 fathoms) above the bottom, the proportion of car- 
bonic acid was conformable t o  the law of .variation with depth 
before referred to :- * 

Bottom, 801 finu 800 firis. 750 fins 
Oxygen . . . . . 17'22 17'79 18'76 
Nitrogen. . . . . 34'50 48'46 49'32 
Carbonic mid . . . 48'28 33'78 31'92 

100'00 100'00 100'00 
-- - 

The lowest percentage of carbonic acid (7.93) ever found in 
bottom-water, occurring a t  a depth of 362 fathoms, was ac- 
companied by a " very bad haul." 

In crossing the wide channel from the north-west of Ireland 
towards Rockall, where the water for some distance is over 
1,000 fathoms depth, SO that the other circumstances varied very 
little, if a t  all, the proportion of carbonic acid appeared to vary 
with the dredge-results ; so that the analyst ventured to predict 
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whether tlie collection would be good or not before the dredge 
came to the surface-drawing his inference from the results of 
his analyses of the gases of the bottom-mater. 111 each case 
his prediction was justified by the result. 

S r A T I O N  17. STATION 19. fh'ATtON 20. . QTA'lION 21. 
1,426 fIll5. 1,yOO fills. 1,443 fins. 1,476 fin8 

Osggcn * . . . 16'14 17'92 2 1'34 16.68 
Nitrogen . . . . 48.78 45.88 47'81 43'46 
Carhonic acid . . 35.07 36'20 31'15 39'86 

100'00 100'00 100'00 100'00 
Good 11;tul. Good llnol. Had haul. Good had. 

-- ---- 

111 the analyses made of the water in the cold area, and 
gc:nernlly ill the third cruise, there appears, as might be 
expected from the vm-ions ciirrents, &c., a greater variation in 
the results than in the other series. In  the bottom and inter- 
Inedinte waters the nitrogen appeays to be ratlier in excess of 
the aiwxge, and the carbonic acid has R large raaige of varia- 
tion-fiom 7.58 per cent. a t  Station 47 (540 fathoms, temp. 
43"'s) t o  45.79 per cent. at Station 62 (384 fathoms, 3 0 O . G  
$'ah.). The average of the surface-waters is much the same as 
in the other parts of the cruise. 

It may be woith riotice that in localities where tlie greatest 
depth did not excced 150 fathoiris, tlie results of tlie gas-analysis 
of bottom- and surface-wa ter were frequently so nearly the same, 
\\.lintever the ainount of animal life on tho bot'toni, as to  lead 
to the supposition that tliere might be at that limit a siifiicieiit 
circulation, either of the particles of tlie water itself or of the 
gases dissolved in it, to keep the gaseous constitution alike 
throughout. The coincideiice of this depth with the extreme 
depth at  which fish are usually found to exist in tliese seas is 
suggestive. 

Organic ?nnttcr.-With a view to test the method of analysis 
by perniangsnate of potash, two or three series of analyses were 
made where fresh and salt water mixed together, as in Killibegs 
Harbour, Donegal Bay, &c. ; and the results in all cases justified 
the expectation formed, that the amount. of permanganate vas 
an index of the comparative l ~ r i t y  of the water, both as regards 
the '' decomposcd " and I he " decomposable " organic niatter. 
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Disregarding the above series, a total of 131 experiinents were 
made upon sea-water, which may be thus divided :- 

56 upon surfuce-water, 
18 ,, intermediate watrr, 
60 ,, bottom-water, - 

13.1 

during the first and third cruises. 
The results are given in the q~ imt i ty  of oxygen in fractions 

of a gramme required to oxidize the organic miltter in a litre of 
water. 

Average of 56 analyses of surface-water :- 
KO. 

28. Decomposed. 
28. Decomposable 

Decomposed. . . 
Decomposable . . 

Total . . . 

Avernge of 18 analyses 
NO. 
9. Decompofled . 
9. Decomposable. 

of intermediate water :- 

. . 0'00005 1 To 
tnl 0.00039. . . 0'00034 I 

In 7 out of 9 there was no " decomposed " organic matter ; 
and in 3 out of 9 there was no organic matter at all, 8s indi- 
cated by this test. 

In  this series the analyses of the observations made during 
the second cruise are not included, as the calculations have 
been differently mnde. 

Average of 60 analyses of bottom-water :- 

NO. 

O'Ooo4' Totnl 0*00088 O"Nl41 1 26. Decomposed . . . 
34. Decompomble. . . 

hfnximum. Miniinurn. 
Decomposed . . 0.00105 0*00000 2 crises. 

Decomposilblo . . 0'00148 I O'OOOOO I 1 cnse. 
Total . . 0'00253 0'00000 1 cnsc. 
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These figures appear to show (1) that intermediate waters are 
more free from organic contamination than either surface- or 
bottom-waters, as might be expected from the comparative 
absence of animal life in these waters ; (2) that the total absence 
of organic matter is least frequent in  bottom-waters, and most 
frequent in  intermediate waters, surface-waters occupying a 
middle place in this respect; and (3) that there is not niucli 
difference between bottom- and surface-waters, either in the total 
quantity of organic contamination or in the relative propor- 
tions of the (‘ decomposed ” and (‘ easily decomposable ” organic 
matter. 

It may be worth notice that when the bottom-water from 
great depths was muddy, tests made before aud after filtration 
showed that some of the organic matter was removed by this 
operation. 

.APPENDIX 13. 

Results of the Analyscs of Eight Samples of Sea-UTater col- 
By Dr. lected d w i n g  the Third Cruise of the ‘Porcupine.’ 

FRANKLAKD, F.R.S. 

ROYAL COLLEGE OF CBEMIBTRT, 
November lSth, 1889. 

DEAR DR. CAItPENTsR,-Heremit~l I enclose results of analyses 
of the samples of sen-water collected during your recent cruise 
i n  the ‘ Porcupine.’ 
I shall not attempt to draw any general conclusions from these 

results ; your own intimate knowledge of the circumstances 
under which the different samples were collected will enable you 
to do this much better than ‘I. 

There is, however, one point which is highly remarkable, and 
to which I would draw your attention; it is the largo amount of 
very highly nitrogenized organic matter contained in most of 
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the samples, as shown of the deterniinatioiis of organic 
carbon and organic nitrogen, and the proportion of organic 
carbon to organic nitrogen. For the purposes of comparison, I 
have appended the results of analyses of Thames-water and of 
the water of Loch Katrine, the former representing probably 
about a fair average of the proportion of organic nitrogen 
reaching the sea in the rivers of this country, but being pre- 
sumably considerably greater than that contributed by rivers in 
other parts of the world. If this be so, it follows either that 
soluble nitrogenous organic matter is being generated from inor- 
ganic materials in  the sea, or that this matter is undergoing con- 
centration by the evaporation of the ocean,-the rivers and 
streams continually furnishing additional quantities whilst the 
water evaporated takes none away. 

The amounts of carbonate of lime given in the table are ob- 
tained by adding the number three (representing the solubility of' 
carbonate of lime in pure water) to the teniporary hardness which 
denotes the carbonate of lime thrown down on boiling. As the 
determination of temporary hardness iii water containing so 
much saline matter is not very accurate, the numbers in the 
columns headed ' Temporary Hardness ' and ' Carbonate of Liiiie ' 
must only be rcgarded as rough approximations to the truth ; 
nioreover, a small proportion of carbonate of mngncsia is niiscd 
with the carbonate of lime and estiniated with it. 

I n  all their peculiar features these analytical results agree 
with those vliicli I have previously obtained froin nunierous 
samples of sea-water collected by niyself off Wortliing and 
Hnstings. 

Yoiirs very truly, 
E. FRAXKLAXD. 



/ 0 RESULTS OF ANALYSIS expressed in Gmmmes per 100,ooO Cubic Cent.imetres of Water. I 

Surface, temp. 54" . . . . . ~ 1.0268; 4074 

Bo:tom, 512 fathoms, temp. 43"8 

Surface, temp. 52% . . . . 
Bottom, 567 fathoms, temp. 41O.4 

SurfILu?, temp. 52"'5 . . . . 
Bottom, 363 fathorns, temp. 31"'1 

Surface, temp.4W.5 . . . . 
Bottoin, 640 filthoiuj, temp. 29"6 

1*0268' 4132 

1*0166 4110 

1'0268 4030 

1'0365 4116 

1'0264 3920 i 
I 1 ... Thames, mid-stream a t  low water, ' 

London Bridge, April 2it11, 
1869. . . . . . . . ? 

Water of Loch Katrine . . . I ... 3.0c 
--___ - 

'647 -134 I 1:4'83 

'331 '163 1:2'03 

*32l '098 1:3*3e 

- -_ 
'023 *030 

'023 '032 

-017 '056 

'020 '061 

-007 -02.5 

'004 '041 

-005 '043 

-008 '039 
.- 

,032' i '  '181 

'001 '000 

.183 

'213 

'168 

'173 

'200 

'205 

'264 

'298 

'288 

'012 

_ _  

.- d - z 

. . ... 

'90 

- 

'10 

'10 

'75 

'10 

'30 

'10 

I Einnlness. 1 'Z d 
' 
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A.PPENI)IX C. 

Notes on &minuns of t he  Bottom collected during t h e  Fimt 
Cruise of the  ' Porcupim' in 1869. By D ~ v r n  FORBES, F.R.S. 

ATLANTIC MUD contained in n small bottle marked ' Soundings 
No. 20, 1,443 fathoms.' 

A complete analysis of this sample shows its chemical com- 
position to be as follows :- 

Carbonate of lime . . . . . . . .  
Alumina1 ('~~olublo in ncids') . . . .  
Sesquioxido of iron (' Aoluble in ncids ') . 
Siliw (in a solnble condition) . . . . .  
Fine insoluble gritty sand (rock cZ&ri.v) . 
Water . . . . . . . . . . . .  
Orgenic matter . . . . . . . . .  
Chloride of sodium and other soluble salts 

. . 60.12 

. . 1'33 
, . 2.17 
. . 6'04 
. . 26'77 
. . 2'90 
. . 4'19 
. . 7'48 

100'0@ 

If we compare the chemical composition as above with that 
of ordinary chalk, which consists all but entirely of carbonate 
of lime, and seldom contains more than from 2 to 4 per cent. 
of foreign matter (clay, silica, &c.), it will be seen that it differs 
chiefly in containing so very large an amount of rock-matter 
in  a fine state of division. If we subtract the water, organic 
matter, and marine salts, which would probably in greatesL 
part b'e removed before such mud could in process of ages be 
coiiverted into solid rock, even then the amount of carhonate 
of lime or pure chalk would not be more than at  highest some 
60 per cent. of the mass. 

As snch deposits must naturally be expected to vary greatly 
in mechanical character and chemical composition, it would be 
- With phosphoric acid. 
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premature to go~ieralize as to tlie actual nature of tlie deposits 
now in course of formation in the depths of t.he Atlantic, before 
n careful examination had beeu made of a series of such speci- 
mens from different locdities. The soluble silica is principally 
from silicious organisms. 

As regaids tlie probable origin of the pebbles and gravel 
found in tlic various dreclgiugs, i t  will be at once seeii, from 
the description, that they consist priucipully of fragments of vol- 
canic rocks and crystalline schists. The fornier of these have 
in all probability coiiie from Iceland or J a n  M y e n  ; whilst tlie 
latter, associated as they are with small fragments of grey aiid 
somewhat altered calcareous rock, woulcl appear to have pro- 
ceeded from the nortli-west coast of Ireland, where the rocks 
are quite identical iu iiiiiieral character. The north of Scotland 
and its islands also contain siniiliw rocks ; but, without bcing 
at  all positive on this head, I am rather inclined to the opinion 
that they have been derived from Ireland, and not necessarily 
coiinected with auy glacial phenomena, believing that their 
presence may be accounted for by the ordiiinry action of iiiariiie 
cnrren ts. 

PEBBLES FROM 1,215 FATIIOMS (STATION 28). 

The stones were all subangdtw, tlie edges being all more or 
less worn or altogetlier rounded off. The specimens vert? thirty- 
eigIit in nuniber, and upon exaiiiinntion were found to coiisist 
of- 

5 Horblende schist; the largest of these (which also WRS the 
largest in size of the entire series) weighed 421 grains (5  
of an ounce), was extremely coinpact, aud was coinposed 
of black hornblende, dirty-coloured quartz, and some 
garnet. 

2 Mica schist; quartz with mica, tlie largest weighing 20 
graine. 

5 Grey pretty conipact limestone, the largest being 7 grains 
iii weight. 

2 Fragments (showing the cleamgo faces rounded off on 
edges) of orthoclase (potash felspar), evidently clerivecl 

L L 2  
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from gmnite ; thc largest of tlie two fragments weighed 
15 grains. 

5 Qnartz, milky in colour or colourless ; the largest of these 
weighed 002 grains, and showcd evidence of having been 
derived from the quartz-veins so common in clay-slate. 

19 Fragments of true volcanic lava, most of which were vvry 
- light and scoriaceous (vesicular), although some small 
3s ones were compact and crystalline; and in these the 

miiierals augite, olivine, and glassy felspar (Sanadine) 
could be distinctly recognized. Among these were frag- 
ments of trachytic, trachyfioleritic, and pyroxenic (basaltic) 
lavas, quite similar to those of Iceland or Jan  Mayen 
of the present period, f r h  which they had probaldy 
been derived. 

GRAVEL FROM 1,443 FhTIIOhfS (STATIUN 20). 

This sample of gravel consisted of 715 subangular fragxiients, 
in  general not above from 4 to 4 grain in weight, with occasion- 
ally some of a little greater size ; but the most considerable of 
all (a fragment of mica schist) only weighed 3 grains. Tliey 
consisted of :- 

3 Fragments of orthoclase felspar. 
4 Bituminous or carbonaceous shale (? if not accidental). 
5 Fragments of shell (nndistinguishable species). 
4 Granite, containing quartz, orthoclase, and muscovite. 

15 Grey compact limestone, 
69 Quartzose mica schist. 

317 Hornblende schist ; sometimes containing garnets. 
273 Quartzite fra,ments, with a very few fragments of clear 

quartz. The majority of the pieces being of a dirty 
colour, often cemented together, were evidently the dEbris 
of quartzite rocks or beds of indurated sandstone, and 
not from granite. 

28 Block compact rock, containing augite, most probably a 
-- volcanic basalt. 
718 
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F i t o ~  1,263 FATHOMS (STATIOX 22). 
A single rounded pebble, weighing 18 grains, chiefly quartz, 

with a little of a black mineral hornblende or tourmaline, prob- 
ably from a metainorpliic scliist. 

GRAVEL FROM 1,366 FATHOMS (STATION 190,). 

Consisted of 51 small subangular pieces of rock, all less than 
a grain in weight, excepting orily one fragment (angnlar) of 
quartz, which weighed 2 grains ; they c.onsisted of - 

19 Fragments of quartz, al€ of which appeared to liave pro- 
ceeded from the disintegration of crystalline schists, and 
not from granite, 

0 Hornbleiide schist. 
8 Mica schist. 
7 Loose, dirty-white tufaceous limestone. 
3 Small fragments of augite or tourmaline (? wliicli). 
1 Fragment of quartz, with tourmaline. 
4 Fragments of indistinct and uncertain character. - 

51 
GRAVEL FROM 1,476 Pa*rIiohis (STATION 21). 

exceed two grains in  weight ; they were respectively- 
Six emall subangular fragments, tlie largest of wliicli did riot 

1 Yellow qunrtz. 
1 Quartzose chlorite schist. 
3 Mica schist. 
1 Sinall frngnient, appwently of volcniiic law. 

G 
The spcciiiieii from Roc1;sll is not a fragment of aiiy nomu1 

rock, but is only a brecciaform aggrcgate, piincipally consisting 
of qnartz, felspar, and crystals of green horiiblcnde, lield to- 
gether by n silicious cement. I t  has evidently been broken 
froin the projecting edge of a fault or vein fissure ; and although 
it cannot settle the matter definitely RS to wliat rocks this islet 
iiitiy really be coiiiposcd of, it ,  ~ ~ o u l d  iiidicnte t,liut i t  most 

- 
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probably is a m a s  of hornblendic gneiss or schist, and certainly 
not of true volcanic origin. I may mention that it does not at all 
resenible niiy of the fragments found in the deep-sea dredgings 
which 1 have as yet examined. 

APYEXDIX D. 

il'otc on tlic Carbonic Acid contained in Sca-water. BJ J O H N  

YOUSG BUCIIANAN, M.A., Chemist to the Challenger ' 
Expedition. 

A t  a meeting' of the Chemical Society last summer, Dr. 
Il ini ly  mentioned that Dr. Jacobsen, of Kiel, had found that 
carbonic acid is only very imperfectly separated from sea-water 
by boiling in vacuo. This was confirmed by Dr. Jacobeeii him- 
self in u letter to Ncilziw of August 8, 1872. Almost at the 
very same time the Gcrmslri North Sea Expeditioii arrived in 
Leith, when I had the privilege of hearing the confirmation of 
i t  from his owii mouth, as well as his conjecture that i t  was 
probably owing to the presenoe of salts with water of hal- 
hydration, sucli as sulphate of magnesia, that the carbonic acid 
was retained with such vigour. 

Having assured myself by experiment that, as a matter of 
fact, carbonic acid is retaiiicd by sea-water with considerable 
energy, the last traces of it having scarcely disappeared before 
the contents of the retort were reduced to dryness, I set on foot 
a series of analytical experiments, so as to determine which of' 
the salts it was, wliose presence was the cause of the nnomaly in 
question. The result of these experiments was shortly this : 
Ilistilled water, solution of chloride of sodiuni and solution 
of chloride of magnesium, each saturated with carbonic acid, 
behaved on distillntion alike, giving off the whole of their' car- 
boiiic acid in the first eiglith of the distillate. Solutions, however, 
of sulphate of ma,niiesiri nud of sulphate of lime beliuved like 

Chemicul Society Journnl, 1972, y. 486. 
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the others a t  first, giving off the surplus carbonic acid dissolved 
in the first eighth of the distillate. The amount of carbonic acid 
coming off then fell very low, gradually increasing, however, 
uutil a half had been distilled over, when the amount coming 
off again reached a maximum, the quantity then diminishing, 
but rareIy entirely disappearing as the contents of the retort 
approached dryness. It is clear, then, that in the sulphates of 
magnesia and lime we have an agent capable of retaining car- 
bonic acid in the way in which we see it in  sea-water ; whether 
there may be other agents present, capable of doing the same 
work, will be brought Lo light when the subject has been inore 
fully investigated. An independent set of experiments were 
inadc on the variation with pressure of the coefficient of ab- 
sorption for carbonic acid of a solution containing 1.23 per cent. 
of crystallized sulphate of magnesia, kept a t  a constant, tem- 
perature of 11" C. The result was, that at 610 mm. pressure the 
sulphate of magnesia solution dissolved sensibly the same quan- 
tity of carbonic acid as the same volume of water would have 
done ; in other words, their coefficients of absorption were iden- 
tical. Below 610 mm. that of the saline solution was the 
greater ; above 610 mm. the reverse was the case. The curve, 
however, is not a straight line, and i t  appears to cut that of 
water again n t  a pressure of about 800 inm. 

The facts above related rlaturally suggest to the chemist the 
question, what is the body formed when sulphate of magnesia 
and carbonic acid meet each other in solution 1 

It is clear that, besides the carbonic acid dissolved, there is 
some retained by a stronger bond, and which is only liberated 
when the concentration has proceeded a certain distance. Is 
the decomposition caused by the loss of water, or by the rise of 
boiling-point ? The difference between the boiling-points of the 
solution, when it has just ceased to givo off the merely dissolved 
carbonic acid, and when the r e t ~ n e d  gas is being given off in 
greatest quantity, does not exceed 1' C. ; and it is difficult to 
believe that the compound should remain practicctlly intact a t  
101" and decompose rapidly at 102". Again, if the compound 
is decoinposed by the water alonc, we should expect, that the 
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more dilute the solution, the easier would be the decomposition. 
Adopting Erlenmeyer’s view of the position of the halhydration 
water i i i  sulphate of magnesia (HO - Mg - 0 - SO, - OH), we 
might suppose the czrbonic acid simply to replace the molecule 

of water, thus-Mg <E 1 E 3 ) O  ; but i t  would be contrary to 

all analogy for such a body to be more stable in dilute than 
in moderately concentrated solutions of the same temperatuie. 
If, on the other llaud, we suppose the CO, to interpose itself 
between the Mg and the basic HO, we have a body of this form : 
KO - CO - 0 - Mg - 0 - SO, - OH. It is conceivable that 
such a body would in the process of concentration become dehy- 

drated, when the ailhydrous sait Mg(Z 1 “C>O would be 

forxiled, which would then split up into CO, and MgSO,. Assuming 
now that the body formed has this constitution, it is evident that, 
for a given mixture of sulphate of magnesia, water and carbonic, 
acid, the aniount of the above body formed will be a function 
of the temperature, the pressure and the duration of their 
action upon one another. Now, at  great depths in the sea, where 
atmospheric influences are insensible, these conditions are most 
conipletely fulfil led. Tlic temperature is low, the pressure high, 
and the time practically unliinited. Sea-water contains on an 
average about two gramnies of crystallized sulphate of magnesia 
in the litre; and if the reaction were complete, the two bTammes 
of sulphate of magnesia, or one litre of sea-water, would absorb 
181.4 cubic centinietres of carbonic acid. Supposing only 
one-fifth part of the sulphate of magnesia to be thus saturated 
with carbonic acid, we have provision in  one litre of sea- 
water for the removal of over 36 cubic centimetkes of car- 
bonic mid. We have thus in the sulphates (for the lime-salt 
rtppears to act even more e3ergetically) an agent which in 
the ocean depths performs one of the two important functions 
of plants in shdlow waters and in the air, namely, the removal 
of the carbonic acid eliminated by the animals; the task of 
replenishing the oxygen supply is accoinplislied by the system 
of ocean circulation. Moreover, i t  would Le difficult to conceive 
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circunistances more favourable to the formation of this body than 
those which exist at.the bottom of the ocean. The temperature 
is generally little over that of melting ice ; the pressure often 
exceeds several hundred atmospheras ; whilst the carbonic acid, 
being produced gradually, and coming in statu nascendis in con- 
tact with the saline solution. is in the condition most favourable 
for easily entering into chemical combination. 

The amount of this salt formed depending on the pressure, it 
is evident that, on bringing up a sample of water from a great 
depth, a part of tlie carbonic acid, which was bound before, will 
become free under the atmospheric pressure ; and, mnreover, as 
the amount decomposed varies with the time, i t  is evident that 
tlie amount of free carbonic acid, obtained by boiling in vacuo, 
will vary with the depths from which the sample was obtained, 
with the time it stands before boiling, with the temperature to 
which it is exposed during boiling, and with the duration of that 
operation. Hence it is easy to see how, msuming the body 
abovo mentioned to have been formed, I)r. Jacobsen found that 
the quantity of carbonic acid obtained by boiling in vacuo was 
no measure of the amount actually present, and that even 
portions of the smie sample gave discordant results. 

I t  will be seen from tlie above remarks that sohitions of car- 
bonic acid in sea-water and in blood resemble each otlier in 
almost every particular ; only in tlie latter the retaining body is 
pliospliate of soda, whilst in the fornier it is sulplhte of mag- 
nesia, both of which contain constitutional water. The physical 
conditions, under which carbonic acid is eliminated froin the 
blood and from sca-water, are also very similar. 

I n  tho investigation of the beliaviour of carbonic acid and of 
other gases to saline solutions, there is a practically unliniited 
field for useful research. The determination of the absorption 
coeficients of sulphate of ningnesia solution for ctwboiiic acid 
done, nnder varying conditions of temperature, pressure, con- 
centration, and duration of action, would afford interesting and 
profitable occupation for mom thnii oue chemist. 
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Orbulina ujiiversa, 23. 

P. 
Peden hoskyizai, 465. * 
I’edicellaster typiciia, 456. 
I’eittuwiuus W i  ille ~Iwiizaoni, IS$ 443 ; 

E’. arteria, 4 g  ; I.. P. Mul/eri ,  442. 
Poterrnnnn, Dr., on the Gdf-atream, 287, 

379, 362. 
I’leroiieiiiti U ~ L W ( E ,  418. 
I’lrorii~oso~na placo~lo ,  171, 459. 
Phosphoresoonco, 98, 118. 
Piercc, I’rofeaor, on the Qulf.strenm, 

Z’latytlitc nnoniioidm, 146. 
Pleuronediu lucida, 464, 465. 
Dolycystina, 98. 
‘ Porcupine,’ firat cruise of tho, 82 ; oqiiip- 

mont of the vossel, 83 ; rdsult3 of the“ 
first dredging, 66 ; first trial of tho 
Millar.Cnsolla thorniomotcrs, 88 ; Por- 
copino Bank, 88 ; trip to Huokall, 89 ; 
second cruise, 93; dredging at tho 
depth of 2,436 fathoms, 95 ; roturn to 
Iklfnst, 100 ; third cruiio, 101 ; Ifolte- 
ilia ground, 104 ; tho horn en tangloa, 
105 ; Thorshnvn, 100 ; &coveiy of 
Arctic stream, 110 ; Shotland plateau, 
111 ; predominanceof tho Arctic fnunn, 
131 ; fnunn of the wnrm nrea OB tho 
north const of Scotland, 177; return 
fo h l f m t ,  178; fciirth cruiso of tho 

Porcupino,’ 170 ; cruise in tho Mcdi- 
tsrmncnn, 19) ; fnunn near t h R  African 
const, 19.2; Adventuro Bank, 192; 
hldh, 194 ; tern rnturo soundings 
noar Stroixiboli, 1 9 g  roturn to  cowos, 
196. 

PwociJari.q picrpurntn, 102, 459. 
Pourtnles, Count L. F. de, dcep-aoadredy- 

inga across tho Gulf-strcamoff tho coast 
of Florida 277. 

I’ourtu/eviu ~~Tt;.y.ri, 103, 457, 469, 489 ; 
P. phiule, 90, 469. 

Prodominanco of protozon, 47. 
Prosorvation of apecimens, 261. 
Pressure, conditions of, at groat deprhs, 

32 ; mothoris of todting the actnal pros- 
surc. 34:  offcct of I)romiire on the 

386. 

thc~inonietor, 204. - 
Prestwich, Joseph, F.R.S., Presidnnt of 

tho Godo;licnl Socioty : Tomporntiircs 
(4 tho Atlmtic. 358 ; on the continuity 
of tho chnlk, 496. 

l’aaninrechi~~m riinotulerculaltw, 457 ; 1’. 
iiiiliajG, 459. 

l’.volua a p t w u t u . ~ ,  125. 
1’teia.drr niilitww, 171. 

R. 
Rhubdainminn t i l i ~ s o m i i i ,  75. 
HIii;ocrin*n lqtTdh.si8, 76,  124, 447, 451. 

Richards, Rear-Admiral, C.B., F.R.S., 
Hydrogrnphcr to t h e  Xat-y, 3. 

ROSE, Sir James Clark, RN.,  doep 
dredging8 in tho Antarctic Son, ‘2d ; 
tempernturo obscrvations, 304. 

Ross, Sir John, voyage of disccvcry in 
Baffin’s Bny, 18 ; machine for taking 
u p  sounding3 from groat deplhs, 2U9 ; 
tompornturo obrtorvations during the 
Arctic voyage, 300: 

Aossellu zelutu, 419. 
lbynl  Sxioty, lottor to, from Dr. Car- 

pcntcr, rocammonding a systematic 
course of doop-son dredging, 63 ; letter 
from the Saorotnry of, to tho Soorotary 
of the Admirnlty. 56;  roply from the 
Admiralty, 56 : (see also 133-141.) 

S. 

Snbino, Gencrnl Sir Edwwd, K.C.B., 
extract3 from privata journal, 16, 300. 

Sars, P~ofessor Michaol, liNt of animals of 
nll tho invertebrate groups living at 4 
de th  of 300 to  400 fathoms, 33, 268, 
278, 274. 

Scl~itnater ca~ullifeviw, 450. 
Schmidt, Professor Oscnr, ou Hoxnctinol- 

lidm, 70 ; Cxnetoiln, 114, 268, 416. 
Boliultzo, Profossor Max, on ZIyalo~ienia, 

425. 
Seipcla, 273. 
Shnrks at great rloptha, 34. 
Shortland, Cap!ain, It. S., tomporaturos 

or de@ water in tho Arabian Son, 359. 
Smith, ‘foulmin J., 011 J‘entriculitcrs, 482. 
8olmterjurc;fei;, 119, 456 ; S. pajyonm, 

118. 
Sputangua machi, 118 ; S. purpuvcru, 

459. 
Spivorlir, 273. 
Spratt, Cnptnin, R.N., drodging in tho 

Mcditcrranean, 270. 
Stoonstrup, Professor. additions to the 

knowledge of mariiio zoology, 268. 
Stylacoidylu borealis, 114. 
Surface-coni crature, modo of detormin- 

iny the, !8i’ ; distribution of, in  the 
North Atlantic, 362. 

T. 

Tanks for tho transportation of living 

Tellha calcuvea, 492 ; T. coin )rcMa, 404. 
Tom ernturo of tho oruet ol the earth, 

tiah, 69. 

40%. 
Twchrutula scptata, 180. 
TI~copLol~u aeinisderiim, 147 ; T. WL, 
Tlcecopmniii in aociu I k  4:33. 
Tliorrnorneter, Six’e, 298 ; hliller-Cusolln, 

148. 
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291 ; Breguet's metnllio thermonietor, 
293 : Nemetti and Znmbm's thormo- 
mot&, 2$3. 

meter in a sealed glass tube, 296. 
Thomson, Sir William, F.R.S., thermo- 

Ti&plionia agatieiformia, 74, 167. 
To2opneuat.s bremr n'noaua, 459. 
Tripylua fragilw, (18, 459. 

V. 

W. 
Wallace. Alfrod Russel, on natural 

selootion, 8. 
Waller, Edward, dredging off tho South 

coast of Ireland. Hobndes. and Shet- 
innd Islands. 12 i  : on the fnuna of tho 
Hebrides, 267. ' 

Atlantic Sen-bed, 24, 271, 30'2. 

ing off the coast of Portugal, &6. 

Wnllich, G C., M.D., F.L.S., the North 

Wright, Profoasor Pcrcovnl, doe drodg- 

Hebrides, 267. ' 

Atlantic Sen-bed, 24, 271, 30'2. 
Wnllich, G C., M.D., F.L.S., the North 

Wrinht. Profoasor Pcrcovnl. deep drodrr- 
i n i  off the coast of Portugal, 876. 

- 

Z. 
Zone of deepsea cornls, 16. 
Zoroaater f idgeny,  163. 

Variation, 9. 
Venfriculifes ~ r n j d e x ,  483 ; outor surface, 

I'erticordia acutiwatah, 464. 
484 ; section of the outer wall,.486. 

THE END. 
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MACMILLAN & co.'s CATALOGUE' Qf wO&YS 

ia MA TB-MA TICS a d  PHYSICA~ SCIENCE ; 

MA TICS; Pmwcs, ASTRONOMY, GE 01: oc r, 

ANA TOMY and MEDICAL WORKS gmwa I& ; 
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P n I L o s o m u  and A ZZied Subjects. 
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MATHEMATICS. 

Airy.- Works by Sir G. B. AIRY, E C B . ,  - Astronomer Royal :- 
ELEMENTARY TREATISE ON PARTIAL DIFFERENTIAL 

b;QUATIONS. Designed for the Use d Students in the Univer- 
sities. With Diryams. Crown 8v0. cloth. - 5s. 6d. 
N z l  hopni that the methodr of soluhbn here e x - l a i d ,  and the a'?&. 

stances exhibited, will be found m-t I;or aPZl[iatwn to near& 
a22 fhr inifmfanf $rob2ems of Phpkd S&act, whkh rquirr ]or 

con@lete hest&afion the aid of Partial Bz~&d&? Eqm- 
cions. 

ON THE ALGEBRAICAL ANP NUMERLCAL THEORY OF 
ERRORS OF OBSERVATIONS AND THE COMBINA- 
TION OF OBSERVATIONS. Crown 8vo. cloth, 6s. 6d. 

In ordev to spare ashwomrrs and obsnvns in nahra i  ph6'osoQhy the 
con, fbh a d  2033 of &'me wJich are proa'lrcm' by rqbrikg to thc 
ordinary tmzhsa cmbrCrCitrg both branch? of gmba6ilir(s (the Jrst 

E I  ' A  
r750. x.73 
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Airy (G . B .)-continued. 
rclating to rhunccs whkh can be altcrcd on& by thc changcs of entirc 
units or intcgral tnult@lcs of u n b  in tht fumfamcntd condilions 
of thr proble~t; thc other concerning thosc chanccs whkh h e  
resp& to irrmrsiblc graa’atims in thevalue of the Jtnimt nzcasurcd), 
this wlumc has bcm drawn up. It rc1ate.s only to mors of obsma- 
twn, and to the tules, dpr’wble f r o m  tlu consideration of these 
mors, for the corubinatwn of flu rcsulfs of obsmahns. 

UNDULATORY TI-IEORY OF OPTICS. Designed for the Use 
of Students in the University. New Edition. Crown 8vo. cloth. 
6s. 6d. 

Thc undulatory theory of optiks is presmfed lo tlu rmdw as having 
the same c2aims to hir atlcntwn as t h  thcory ofgravitatwn,-nattzcly, 
that it is certainly tmc, and that, by mathonatkd operafwns 
of gmwal clrgnncc, it Zrahr to results of ycnt itaterrst. This tkmy 
rxpZains with accuracy a w s t  va&& of p h c n o n z ~  of thc most 
compluated Rind. Thr $tau of fhis tract has hen io inclulic those 
phenonzcna OH+ whuh admit of raZcuZatwn, and thc invcrtiptions 
are applird on& to phenomrna whkh actuaZIy have bcnc obsnvcd. 

ON SOUND AND ATMOSPHERIC VIBRATIONS. With 
the Mathematical Elements of Music. Designed for the Use of 
Students of the University. Second Edition, revised and enlarged. 
Crown 8 v n  9s. 

mis voluac consuts 4 srdi~ns,  which a p - n  arc dividd into num- 
bered artules, on thc following topus :-General rccognitibn 4 ik 
air  as the medium which convrys sound; Properties of thc air on 
whkh thc formation and transnzuswn of sound depmd; Theory of 
Surdukztwns (LT upplkd to sou&, rtc.; Inmh&hbn of tht motion 
of a wave of air throuK.5 the aiawspherc; Tmnsmtision of waves 
gf sma~wm d r a b  through di@ercnt gases, solids, amff luids;  
Experiments on t h  vcldy of sound, rtc.: On murical soundr, 
and the m u d  ojproducing t h n ;  On the clements of muni.al 
harmony and mclody, and  of &i#c musical cotnjosition; o n  in- 
~trunatnkd musir; On t h  Aumn organs of  sfred and hcanng. 

A TREATISE ON MAGNETISM. Designed for the Use of 
Students in the University. Crown 8vo. 9s. 6d. 

d z  the laws of Magnctu Farcc have bem u;bcninnrtally mamind,  
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w2h phihophicar accuracy, only in i ts  connecrian with iron and 
steel, and in thc inpWncc cxciied by the earth as a wholc, the 
accurateporcions of this wwk are contned to the investzkations con- 
nectcd wayh these metaIs and the earth. l h e  lattw port of the 
wwk, hmever, ireats in a more general way of ihe laws of the 
conntxtwn between MagnCrism on S h e  one haand and GaIvanum 
and 7 h m i i o - E l e c f ~ y  0s tht o t k .  The work is dim&f into 
Twelve Secnbns, and m h  mtwn into nutubcred u ~ ~ Q ,  
of which states conrisdy and clearly the subjct of tlu foIImiW 
paragraphs. 

Ball (R. s., A.M.)-EXPERIMENTAL MECHANICS. A 
Course of Lectures delivered nt the Royal College of Science for 
Ireland. By ROBERT STAWELL BALL, A.M., Professor of Applied 
Mathematics and Mechanics in the Royal College of Science for 
Ireland (Science and Art Department). 

T7ieautho?s aim in these tweny Lrcturcs !us bcrn to crrntt in the 

Royal 8vo. 16s. 

tknd of the student physicai ~ M S  corresponding to theoretical laws, 
and fhus io  produce a work whuh may be regnrded &‘ha ac a Sup. 
phtacnt o r  an introduction to manuals of theoreti2 mechanks. TO 
realize thh  am$, the copwus use of a--crintmtal illustmrions was 
necessary. The apparaius used in the Ltcfurcs and figured in the 
volume has brm Pr;nczpa& bu3t up fmm PYL$~SSOY Will~?s most 
adniirable system. In the sdecibn of t h  su&& the quesfion of 

. practical utzXitjt has in many cascs brm rcgardedas the one ofjara- 
ntarnf inzfiortancc, and it h bdieucd that fhr tnodr of trtatmmt 
whuh is adopted is more or less m s n a l .  This is  espCriaZ& 
the case in thr Gcturcs rclating to  f&twn, to the mechanual 
puwers, io the strength of rirnber and stmctuws, lo the laws of 
nrotion, and io the pendulunr. The iZIustrations, drawn from 
the apparatus, are ?:car& aIl m 8 n a l  and are beautajWlj. a e -  
cutes! “Zn our reading we have not met wdh any book of iht swf 
in EngZhk.”-Mechanics’ Magazine. 

Bayma.-THE ELEMENTS OF MOLECULAR MECHA- 
NICS. By JOSEPH BAYMA, S.J., Profensor of Philomphy 
Stonyhurst College. Demy 8vo. cloth. IQT. 6d, 

Of thr twelve B o o k  into mhuh this treatise is divkkf, ih p’st 
and second give the deniotrstratwn of the princajVa whuh ha*. 
&cct& on the cons&u& and the p r o w s  of matter. Tht nul 
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three books contain a strieS of thewenu and of problem on the laws 
of triotion o f  demmtaarjr substances. Xn the sk th  and seventh, the 
merhanual constitution of niolecules is invatkated atid determined: 
and by it thegeneraZproptrties of bodips are explain&. The Nghth 
book treats .f luminiferous dher. The ninth exjlains sonic sjecial 
p r o p h s  of bodies. The tenth ana‘ elcuenth contain a radicaz and 
lengthy investigation of chemical principles and rdatimts, whuh 
m y  lmd to practical results of high ina#ortance. TIL- tweqth and 
last book treats of molecular masses, distanccr, andp-s. 

B d e . - W o r k s  by G. BOOLE, D.C.L, F.K.S., Professor of 

A TREATISE ON. DIFFERENTIAL EQUATIONS. Third 
Mathematics in the Queen’s University, Ireland :- 

Edition. Edited by I. TODHUNTER. Crown 8vo. cloth. I*. 
Proyessor Boo& has eluipavourcd in this treatise to convcy as complete 

ata account of thepresent state of RnawlrdgE on the suvrrt of Day- 
f emt ia l  Epations, as was consisteat with the idea of a work in- 
tended, prinrady, for  eletirentary instruction. The earlier sections 
of each chaptw contain that kind of matter which has usually b u n  
thought suitable for the bega’nner, whge the latter ones are dcvolcd 
either to an account of rrrmt discovny, or tlu discussion of w h  
de+& pestions of pintiprC as are l ih ly  to@cst;it themelvcs to the 
refleca5ve sturimt in rotanation zuith the methods and paccssrs of his 
previous cmrsc. “ A  treatise incomparably superior to nny other 
eZemrntavy book on the su&t with whuh w are acpain&d.”- 
Philosophical Magazine. 

Supple- 
mentary Volume. Edited by I. TODHUNTER Crown avo. cloth. 
&. 6d 
TAL volume contains aN that Pmfessor Boole w o &  for tht purpose 

A TREATISE ON DIFFERENTIAL EQUATIONS. 

of enlarging htj tm&e on Dijf2renC;J Equations. 

T H E  CALCULUS OF FINITE DIFFERENCES. Crown 8vo. 
cloth. 10s. 6d. New Edition revised. 
/ n  tluj exjo&n of the C~ktdUJ of Fini(c Dij%reJms, pnrtuular 

attmtiotr has bun fuza (0 the connection of its n~ethods with those of 
the Dayerenth1 Culcul~s -a connection which i n  some instances 

The work if in 
some measure deskwed os n stquel to P r ~ e m w  b’oolr‘s Treatise on 
Differentid Equations. 

, involvesfar more than a n i e r e ~  fornral anaZogy. 
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Brook-Smith (J).-~RITHMETIC I N  THEORY AND 
PRACTICE. By J. BROOK-SMITH, M.A., LL.B,, St. John's 
College, Cambridge ; Barrister-at-Law ; one of the Masters of 
Clieltenham College. Crown 8vo. 4. 6d. 
Writers on Arillmetk at theprcsrnt day feel the necessity of explaining 

the jn*mjVes on whkh the rules of the suyect are baed, butfm as 
yetjet-1 the necessity of makingthese txplanationS sirkt and com$lete) 
or, fading that, of distinct& pointing out tpir a5fective ciraruter. 
If the s a k e  of Arithmelic is to be made a n  efective instrumrnt in 
dmelopinf arrd strengthening the nrrntal powers, it ought to be 
worked out rationally and concZusive&; and in this wwk the 
author has endeavorired to reason out in a clear and accurate 
manner the Zendingproposihbns of the science, and to illustrate and 
app& those propositibns in practz're. In t l i  prach'ral part of the 
sub$ he has advanced sot~inukat bryond the im jor+  of preceding 
writers; partirular& in Bivkiotr, i n  Greatot Coninion M u m r e ,  
in Cube Root, in the chapters on Decinlal Monry atid the MetniC 
System, and uwre  espe&Z& in the application of Derinials to Prr- 
centages and cognafe subjects. Copwus rxar,tplcs, or+inal and 
stZtctcd, are g;Ven. 

Cambridge Senate-House Problems and Riders, 

I ~ ~ & I ~ ~ I . - P R O B L E M S .  Ep FERRERS and JACKSON. 8vo. 

I ~ ~ & I ~ ~ I . - R I D E R S .  By JAIIPSON. 8vo. cloth. 7s  6d. 
I ~ ~ ~ . - - F R O B L E M S  AND RJDERS. By WALTON and 

MACKENZIE. 8vo. clolli. IOJ. 61. 
I ~ s ~ . - P R O B L E M ~  AND RIDERS. By CAMPION and 

WALTON. 8vo. cloth. 8s. 6d. 
r86o.-PROBLEMS ANI) RIDERS. By WATSON and ROUTII. 

Crown 8vo. cloth. 7s. Gd. 
1864.-PROBLEMS AND RIDERS. By WALTON and WIL- 

KINSON. 8vo. cloth. Ior. 6d. 
These volunres wil( be found u/ p e a t  v n h e  to Teaclurs and Students, 

as itadkating the style ana. range of nrathniiatual study in the 
Univerdy of Carnbridg. 

WITH SOLUTIONS :-- 

cloth. 15s. 6d. 

Cambridge and Dublin Mathematical Journal. 
The Complete Work, in Nine Volo. 8vo. cloth. IO(. 10s. 
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Only a fm coP;rs remain on hand. Among contributors to this 
work will be found Sir W. Thomson, Stokes, Adams, Boole, Sir 
W. R. Hamilcon, De Morgan, Cay&, Sylvoter, Jellet, and other 
distingufihed mathematicians. 

Cheyne.-workg by C, H. H. CHEYNE, M.A., F.R,A.S,:- 

AN ELEMENTARY TREATISE ON THE PLANETARY 
THEORY. With a Collection of Problems. Second Edition. 
Crown 8vo. cloth. 6s. 6d. 

In this volume, an  attpnrllt hhs been made to produce a treatise on the 
Planeta y theoy, which, being elemrntay in character, should be 
sofar conz@te ns to contain all that is usually rquired by students 
i n  the Univrrsify of Camb~iY'e. Thrj Edition has been carefilly 
rhea. The stability of the PZanetary System has been more fu l ly  
treated, and an elegant groniet?+al explanatwn of the f m u h  fot 
the secular v a f i a t h  of the node and inclinafion has leea in- 
tYoduced. 

T H E  EARTH'S MOTION OF ROTATION. Crown 8vo. 
3s. 6a! 
Zk f i r s tpar t  of this work consids of an ajpluatwn of the method of 

tire variotwn of elements to thegeneral problem of rotation. In the 
secondpart thegeneral rotation fonnule are appicdto theparfL-ulat 

' case of the earth. 

Childe.-THE SINGULAR PROPERTIES OF T H E  ELLIP- 
SOID AND ASSOCIATED SURFACES OF T H E  NTH 
DEGREE. By the Rev. G. F. CHILDE, M.A., Author of 
I' Ray Surfaces," I' Related Caustics,'' &c. 8vo. 10s. 6d. 

The objct of this volume is  to deuelop peculian'tk in the Ellijh&f; 
and, further, to estabhh analogous froperties in the unlimited con- 
generic sm2s of which this remarkable suv/ace is a const2wt. 

Dodgs0n . -AN ELEMENTARY TREATISE ON DETER- 
MINANTS, with their Application to Simultaneous Linear 
Equations and Algebraical Geometry. By CHARLES L. DODGSON, 
M.A., Student and Mathematical Lecturer of Christ Church, 
Oriord. Small 4to. cloth. 10s. 6d. 
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T/re o&t of the authm is to pyescd the subj+ct as a continuous 
chain of argunmit, separated f r o m  all accessories of a-planarion 
of illustration. AI1 such expIanatwn and illustration os seemed 
necessary JOY n beginnm aye i?ifroduced &her in the fm of 

foot-nofes, or, where fhaf would have occufid too much room, of 
Appendues. 

Earnshaw (s.9 M.A.)-PARTIAL DIFFERENTIAL 
EQUATIONS. An Essny towards nn entirely New Method of 
Integrating them. By S. EARNSHAM’, M.A., of St. John’s 
College, Cambridge. Crown 8vo. 5s. 
ThepccuZian?y of thc sysfon expounaki in this work is, that in euny 

~-?uation, whatmer br fhe number of o n s n a l  indeptvidenf varikbles, 
the work of inte-atwn k af once rca‘uced to ihc use of one indqett- 
dnrt variable otib. The author’s ogect is ntcrdy to retidcr his 
nierhod fhorouchly itifelliga3lr. Th various sfcps of the investip- 
twn are al l  o b r a h t  i o  one general jrin+Ze : and fhough in some 
deyree navel, are not really di@rult, but on the contrary, easy whm 
the eye has bccotnc accwtonicd to the novdtks ofthe nofation. Many  
of the remlfs of the infegrafibtu are f a r  moregeneral than t h y  war 
in the shapr in which t h y  appeared in forma Trmlrjrs, and many 
E p a t i o n s  wil2 be found in tkis Essay infgrated with ease i n f i i / r  
trrnis, which were nwrr so infegrated brfore. 

F e r r e r s . - A N  ELEMENTARY TREATISE ON TRILINEAR 
CO-ORDINATES, the Method of Reciprocal Polars, and the 
Theory of Projectom. By the Rev. N. M. FERRERS, &LA., Fellow 
and Tutor of Gonville and Caius College, Cambridge.. Second 
Edition. Crown Svo. 6s. 6a‘. 
The obkt  of the author in wrilifig on thir su@ect has mainly d e m  to 

& r e  it on a basis alfogethrr ind~errdent of the ordimry Cartc.&n 
systenr, itzstmd of regarding if ns on& a spKia2 fortic of A W g d  
Notation. 

FrOst.-Works by PERCIVAL FROST, M.A., lnte Fellow of St. 
John’s ColIege, Mnthemntical Lecturer of King’s College, Cam- 
bridge :- 

T H E  FIRST T H R E E  SECTIONS OF NEWTON’S PRIN- 
CIPIA. With Notes and Illustrations. Also a ,Collection of 
Problems, principally intended DS Examples of Newrods Method& 
Seoond Edition avo. cloth. 10s. &I. 

A short clrajter 071 neterntinants has hi introduced. 
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Fro s t-continued. 
7% authot's prinripal intention is to explain daJ'ikltus whuh may bt 

mcountrred by the student o n  j r s t  reading the Frincipia, and to 
illustrafe the advantages of a carefkl sfudy of the methods employed 
by Nmton, by shaving the atent to whuh thty may be applied in 
tht solution of problems; he ?IUS also endeavoured to &e as&tanct 
to the student who is engaged in the study of the Irkher branches o j  
rnathematzk, representing in a geometn.cal form smeral of the 
processes employed in the Di#-erentML and Kntegral Calculus, a d  in 
the analytkal invest"g"ti0nf of Dynamics. 

AN ELEMENTARY TREATISE ON CURVE TRACING. 
8vo. 12s. 

2% author has written this book undrr the convution t h t  the skill 
andpower of the young mathmmatical studnt, in order to be 
thoroughly avaizable afterwards, ought to be developed in aZlpossible 
directions. The subJect which he has chosen presents so many faces, 
pointing in direcfions towards which the mind of the intended 
mathenzafician has to radiate, that it would be di-ult to find 
another whuh, with a vrry linaiied exfent ofreading, combines, to 
the same extent, so many valualZe hints of methods o f  calculations 
to employed hereafter, wi?h so much pleasure in its present use. 
In order to undrsfarzd the work it is not necessa y to have much 
knowledge of what is mlfed H&her Algebra, nor of Akebrairal 
Geometry of a highw kind than fhat which simp+ relates to the 
Conic Sections. From the s t d y  of a work like this, it is belked 
that the sfudtnt will derive many advantages. Especial& he d l  
become skilled in making correct approxiniations to the values, of 
quanfities, whuh cannot befound exact+, to any degree of accuracy 
which may be required. 

Frost and W o l s t e n h o 1 m e . - A  TREATISE ON SOLID 
GEOMETRY. By PERCIVAL FROST, M.A., and the Rev. 'J. 
WOLSTENHOLME, M.A., Fellow and Assistant Tutor of Christ's 
College. 8vo. cloth. 18s. 
Intending to made the suGiprr accessible, at least in the earlierportions 

fo d l  classes o f  sfudetzts, the authors have endeavoured to u;plain 
complete+ all the processes whuh are most useful in dealing with 
ordinary theorems and problems, thus directing the student to the 
selecfion of methods whuh are best adapted to the emgenn'es of each 
problem. In the mwe diJ&ult portions of the sub@, t h y  have 
conswwed themselves fo be addressing R hkher class of students ; 
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and tlvy have tlme triui to lay a good foundation on whuh to 
build, i f  any readw should with to pursue the s&rc b y n d  the 
limirs to  which the wwk extendr. 

Godiray.--works by ITUGH G o n F n q  M.A., Mathematical 

A TREATISE ON ASTRONOMY, for the Use of Colleges and 

This book mbraces dl tlwse braiuhes of Asironomy whuh have,flom 
tihie to &he, been rccomnlctl(/Ni by the Cambdge Board of M d h e  
niatual Studies : but by f a r  ihe larger arid easicr portion, aabpted 
to the first three days of the Examination for Honours, may be read 
by the more advanredpupils in many of our schools. The author’s 
aim has &ten io convy clear and dktinci idem o/ the celestthl phe- 
nomma. “It is a worLinr,. book,” says the Guardian, “ taking 
Astrononzy in i fs  propw place in the Mathematicnl Saknc~. . . . 
It I j  a book which k twi Iikdy to begot up unintdligmtly.” 

Lecturer at Pembroke College, Cambridge :- 

Schools. ~ V O .  cloth. 12s. 6d. 

AN ELEMENTARY TREATISE ON T H E  LUNAR 
THEORY, with a Brief Sketch of the Problem up to the time of 
Newton. Second Edition, revised. Crown 8vo. cloth. 5s. 6d. 
Thcsepagcs will, it is hoped, fmn atr iniroductioti to more recondite 

works, Di@cul&ks have been dLrcu.rscd at considerable Zength. The 
sdectah of the method follmucd with regard to ana(ylual soluriOm, 
which is the saint os that of Airy, Hwschel, etc., w m  nande ott 
mcount of 2s a’tnpZay; it is, nwrewer, the nuthod whuh h a  
obtained in  the Univerniy of CanabriXge. “As an rlenzentav 
t reat i re and introduction to ihe wb-kct, we think ir naay just& clai?,, 
to suprsede all J o m w  ones. “-London, Edinburgh, and Dublin 
Phil. Magazine. 

Green (George) .--MATHEMATICAL PAPERS OF T H E  
LATE GEORGE GREEN, Fellow of Gonville and Caius 
College, Cambridge. Edited by N. M. FERRERS, M.A., Fellow 
and Tutor of Gonville and Caius College. 8vo. 15s. 
The publicaimr o f  this book may be opporhrne at present, os sev~ral‘ 

of the s u ~ c c t s  w2h which thirQ are direct& or indirect& rottcmed 
have ruent& bcar introduced into the course of mathmntieal 
study at Cambdge. Thry have also am interest os bang the work 
of an almost mrirrly se@wght mathcmatiralgmirrs. The Papers 
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comprbe the follming:-An Essay on the application of M a t k -  
niatical AnaryS;r f o  the Theorips of Electn'kity and Magnetism- 
On the Laws of the Egui l ibrkm of Flu& analogous to  the Electrik 
Fluid-On the Defwniination of the Attractions of Ell$soids of 
vanbble Densitii-s-On the Moiios of Waves in a variable Canal 
of small depth and width-On the Reflection and h'flraction 0 7  

Sound- On the Reflection and Zze/roctioti of L&ht at the Common 
Surface of two Non-Crystallized hfcdia-oiz the Propaption of 
L k h t  i n  Ctystallized Media-Researches on the Vibrations of Pm- 
dulums i n  Fluid Media. '( l t  has been for some time rKoffnued 
that Green's writings are,amon:st the nwst valuable mathmatiral 
produrtwns we possess."-A thcnzum. 

H e m m i n g . - A N  E L E M E N T A R Y  T R E A T I S E  ON . T H E  
D I F F E R E N T I A L  A N D  I N T E G R A L  C A L C U L U S .  For the 
Use o f  Colleges and Schools. By G. W. HEMhIING, M.A., 
Fellow of  St. John's College, Cambridge. Second Edition, with 
Corrections and Additions. 8vo. cloth. 9s. 

" There is no book in coninion use f rom which so clear and exact a 
knowledge of the principles of fhe Calculus eon he so readib ob- 
tained. "-Li terary Gazette. 

JaCkSOn.-CEOMETRICAL CONIC S E C T I O N S .  An Ele- 
mentary Treatise in which the Conic Sections are defined as the 
Plane Sections of a Cone, and treated by the Method of Projections. 
By J. STUART JACKSON, M.A , late Fellow of Gonville and Caios 
College. Crown 8vo. 4. 6 d  

This work hm &em wr2tm w W  a vinu to  &e the student the benejt 
of the Method of  Projcfions as applied to the El&e and Hyper- 
bola. When this method u adni2ted into t k  treatment of Conu 
Sectwns there are many reasons why t lq  should be dejned, not 
wilh reference to fhc focus and direct&, biif according to the 
original dejnilion f rom which t h y  have their nanie, as Plane 
Seciions of a Cone. This nitthod is calculated to  produce a material 
sil,rll$cafion i n  the treatntent of these cumes and to make fheproof 
of their propwfzk more ensilj, understood in the first instance and 
nime easiij~ remembwed. It is a h  a pmwful instrumnt  in the 
solution ofa large class ofprolleim relating f o  these curves. 



M0rgan-A COLLECTION OF PROBLEMS AND EXAM- 
PLES I N  MATHEMATICS. With Answers By 11. A. 
MORGAN, M. A., Sadlerian and Mathematical Lecturer of Jesus 
College, Cambridge. Crown 8vo. cloth. 6s. 6d. 

This book contains a number Vf probZmzs, chhfly eZementary, in the 
Mat/utnotinJ suvtcts l t S U d &  read at Canzbridge. 3% have brm’ 
srZectui f h m  the Papers set during Zafe years at psus ColZegc. vny . 
few of them are to be met with in other colZections, and by far the 
larger nuinber are duc to  some oi the most dirtinguirhed Mathe- 
maticians in the University. 

Newton’s Principia.-4to. cloth. 31s. 6d. 

I( is a sufxientguarantre of the relaizlici(y of this rompkte ediiion of 
Nmuton’s Principia that it has been printed for and un& the care 
o/ Pml;cssor Sir Willinrn Thotnson and Prnfessor Blackburn, of 
GZasgow Univcrsify. The foZZuzuing notice is prcjxed :- ‘ I  Finding 
thaf aZZ the ediiwns of the Principia are now out of pn‘nt, we have 
b m  induced to rrPrifit Newton’s lasf ea‘ihon [of I 7263 wi2houf note 
or comment, only introducinr #he ’ Corn;pntda’ of the old COD and 
rowcrting typograjhiral errors.” The book is of .a handsome stk, 
udh large vpe, $ne thuk paper, and clean&-ntt f;gurcs, and is 
the only recent edifibn containing fhe iwhoZe of Ncutmz’s r e a t  
work. 

. Parkinson.yworks by S. PARKINSON, D.D., F.R.S., Fellow 
and Tutor of St. John’s College, Cambridge :- 

AN ELEMENTARY TREATISE OX MECHANICS. For the 
Use of the Junior Classes at the University and the Higher Classes . 
in Schools. With a Collection of Examples. Fourth Edition, 
revised. Crown 8vo. cloth. 9s. 6d. 

I n  $r+ring a f i r t h  edirinn of this work the author has Ktpt tht 
same overt i7r view as ht had in the fonner ditions-name@, to in- 
~lirrlr in it such p i i o n s  a/ TheorefiCaZ Mechanics as can be con- 
veniently invcstt&ted wi?hout the w e  of the D~menriaZ C d d W  
ana‘ so il suitable as a manual for the j h i w  classes in the 
University and the h&hm cZassrs in Schods. Wilh.one w two shod 
txc@tims, the student is not fiesumrd to  q u i r e  a &nmuIufge dany 
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Parkinson-contififJed. 

____.-- 

branrhcs of Maihrrnatirs b9ond thc clmtnts of Algcbro, Gcomthy, 
and Triganomdry. Several additional popodwns havc bun in- 
corporated in ihr work for  ihr purpose of rntdm’ng it mort rompla2, 
and ifu rollccttbn of ExanrpZes and ProbZcins has b r a  largch itr- 
rrcascd. 

A TREATISE ON OPTICS. Third Edition, revised and en- 
larged. Crown 8vo. cloth. 10s. 6d. 
A collcc&n of Exanrplcs and Prollcms has bcm appeirdcd to  this work, 

whuh arc suflcimily nu,mrrous and v a n d  in characirr io  aford 
uscful exrrcljc for  thc student. For the grratcr pari of thm, rc- 
course h a  been ha’ io fhc Exaniinaiion Pnpers srt in thc Unwrrdy 
and tiu smrral CoZ2egr.r during ihc last iwmw years. 

Phear.-ELEMENTARY HYDROSTATICS. With Numerous 
Examples. By J. €3. PI~EAR,  M.A., Fellow and late Assistant 
Tutor of Clare College, Cambridge. Fourth Edition. Crown 8vo. 
cloth. 5s. 6d. 
This rditwn has lcm care/.lly rrvisrd throrrghorrt, and many nm 

Zllusiralwns and LxatnQh ad&d, whuh it is hoped udl increasc 
i ts  uscfulncss to studmis ai the Univrrsitics and in Schools. In a- 
rwdancc wiih suggtsttbnsfronr many engaged in iuittbn, anmrrs to 
all ihc Examplcs haw Icm gibm at ihc end of tke look. 

Pra t t . -A TREATISE ON ATTRACTIONS, LAPLACE’S 
FUNCTIONS, AND T H E  FIGURE O F  T H E  EARTH. 
By JOHN H. PRATT, M.A., Archdeacon of Calcutta, Author of 
I ‘  The Mathematical Principles of Mechanical Philosophy.” Feurth 
Edition. Crown 8vo. cloth. 6s. 6d. 

Thc auihw’s chief &s@n in this ircatisc is to g;Vr an M ~ C Y  to ihe 
qwsttbn, “Has thc E&h arquircd iis prcscnt fortir from bring 
ora$nally in a fluid statc P” This cdition is a roniplrtc rruirwn of 

P u C k k - A N  ELEMENTARY TREATISE ON CONIC SEC- 
TIONS AND ALGEBRAIC GEOMETRY. With numerous 
Examples and Hints for their Solution ; especially designed for the 
Use of Beginners. By G. I-L‘PucKLE, M.A., Head Master of 
Windermere College. New Edition, revised and enlarged. 
Crown 8vo. cloth. 75. 6a‘. 

thc jrmM OttLT. 
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This work is reconinzended by the Syndicate of the Canrbdge Local 
Exanrinatwns, and is the text-book in Haruard Univcrsiiy, U.S. 
The Athenrcum says the author “displays a n  intimate acpaint- 
atice with the di@ulties l2eQ to be felt, together d h  a singular 
apiiiude in renraYmg thein.” 

ROuth.-AN ELEMENTARY TREATISE ON THE DYNA- 
MICS OF THE SYSTEM OF RIGID BODIES. With 
numerous Examples. By EDWARD JOHN ROUTH, M.A., late 
Fellow and Assistant Tutor of St. Peter’s College, Cambridge ; 
Examiner in the University of London. 
Crown 8v0. cloth. 14. 

In this edifwu the author has made sruerd additions to  each chapter: 
he has it+d, rueit at the rhk  of sotnc little repetz’fwn, to make each 
chajtey, as f a r  aspos~3le, complete i n  itseg so that all that relates 
to any one part of tlu suQect may be found in the sanzcplacc. This 
awangetnmt will enable ~ e r y  s t w h t  to sdect his own order in 
which to rmd the sutyect. The Examples whuh will be found ai 
the end of each chapier have been chilpu selected froin the Exarnina- 
hbn Popcrs which have been sei in the Universaiy and the Colleges 
in the lastfew years. 

Second Edition, enlarged., 

Smith’s (Barnard) Works . -See  EDUCATIONAL CATA- 
LOGUE. 

Snowball.-TI-IE ELEMENTS OF PLANE AND SPHERI-  
CAL TRIGOXOMETRY ; with the Construction and Use of 
Tables of Logarithms. By J. C. SNOWBALL, M.A. Tenth 
Edition, Crown 8v0. cloth. 7s. 6d. 

In jrrparing the present editwn for the Press, the tat hac bcm sub- 
iectd to a carc f l  r&n ; the jroofs of some of the w e  import- 
ant  propost?ks have bem rendered more stricl and gtneml; and 
a conridrrable addition of mwe than two hundred aanijles, taken 
principally/rbn the questions sct of late years i n  the public exami- 
nathions o f t l u  Unhrrdy and of individual Colleges, has been made 
to the coilecttbn of Exampks and ProblmsfwpraccirC. 
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Tait and ste.de.-DYNAMICS OF A PARTICLE. With 
numerons Examples. Dy Professor TAIT and Mr. STEELE. New 
Edition. Crown 8vo. cloth. 10s. Gd. 
In thG treatire m71 be faund all the ordittaty propodwns, connected 

with the Dynanrics @ Particles, which ca7t be convenhnt& &dutd 
willrout the use of D’Alonbertl’s Pn’nczjde. Throughout the book 
WIZ be found a nutnber of illustrative exan@les introduced in f h t  
text, a n d f w  the most part co?npZet& worked out ; o t k s  with occa- 
sional solutions or hints to assist the srudettt are appended to each 
chapter. For by f a r  the greattr portioiz of these, the CanibnZge 
Senate-House and College Exanibatwn P~pers have been applied fo. 

TaylOr.--C;EOMETRICAL CONICS ; including Anharmonic 
Ratio apd Projection, with numerous Exnmples. By C. TAYLOR, 
B.A., Scholar of St. John’s College, Cambridge. Crown 8vo. 
cloth. 7s. 6d. 
This work contains donentaary pooys of the $tfnrz)al properhk of 

Conic Sechbns, together wdh chapters on Projivtion and Anharmonic 
Ratw. 

T o d h u n t e r . - w o r k s  by I. TODIIUNTER, M.A., F.R.S., of 
St. John’s College, Cambridge :- 

~dPrrspicu‘aus language, va@rous inveshgations, scrutiny ojdif i l t i ts ,  
and tnethodual freatnrent, characterize MY. Todhuntcr’s ww&s.”-- 
Civil Engineer. 

THE ELEMENTS OF EUCLID; MENSURATION FOR 

NOMETRY FOR BEGINNERS ; MECHANICS . FOR 
BEGINNERS.-See EDUCATIONAL CATALOGUE. 

BEGINNERS ; ALGEBRA FOR BEGINNERS ; TRIGO- 

ALGEBRA. For the Use of Colleges and Schooh. Fifth Edition, 
Crown 8vo. cloth. 7s. 6d. 
This work contains all thepropositwns which are usual& included in 

eZenrrnfnry treatises on Algebra, and a large number of Examples 
for Exercise. The author has smght fo rmdp the work cagy  in- 
telli~bbje f o  sfua‘t-nts, udhout impairhag fhe accuracy of the demon- 
slraiwns, or contracting tlu [intiis of tht  nr&ect. The Examjla, 
about Sixteen hundred and fifty in numb&, have been srlecfd unyh 
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To dhun t er (I .)-conti?zued. 
a view to illustrate mey part of the suiyect. The work will be 
fiundpeculiarly adaptcd to the wants of students who are without 
the aid of a teacher. The Attmers to the Examples, with hints 
for  the soltition .f SOJtlC in which assistance may l e  needed, are 
ghen  at the end of  the book. In the prcznrt ediiion h , o  Npw 
C h a $ y s  and Three hundred ntisceUaneovs Exampits hare brnt 
added. " Zt has rnerits 7uhirh rinquestwnab& place ii j r s t  in the 
class io which it be1orrgs."-Educator. 

KEY TO ALGEBRA FOR T H E  USE O F  COLLEGES AND 
SCHOOLS. Crown Svo. 10s. 641. 

AN ELEMENTARY TREATISE OK T H E  THEORY OF 
EQUA'rIOXS. Second Edition, revised. Crown Svo. cloth. 
7s. 6d. 
This treatise contains ali the propositions whuh are usudb included 
in elenrmta y treatises on ihe theory o/ Equafiotas, together with 
Examplts f o r  mer&, These have been selected front the College 
and Vnivcrsiry Exanrination Papers, and the results have been 
givrrr wheti it appeared trerrssary. I n  order to exhi612 a conrpre. 
h m i v e  vim of the stilyect, the trralise inriiides investigations which 
are not fourrd in all the precedix: e(r,netztay treatises, ana' &so 
some investigations 7uhich art trot to befourrd in any of them. For 
the secoxd editiotz the work har leeti rmised and some addiiwns 
have been made, the ntost important being an account of the 
Researches of Profissor Sylvester resperti?tg Nauton's *Rule. '' A 
thoraugkly trashnorthy, compkte, a d  yet not too elaborate tre&e." 
-Philosophical Mngnrine. 

PLANE TRIGONOMETRY. For Schools and Colleges. Fourth 
Edition. Crown 8vo. cloth. 5s. 

The d e n h  of this work has been to render the slcSjd inttZ,Qib.& 
to legi?iners, and at the same time to  aford the sturient the oppor- 
tunity of obtainirtg dl the informatwn which he wit1 require on 
this branch o/ Mathrmatks. Each chapter is folZowed by a set 
of Examples : those which are entirlcd Miscellaneous Examples, 
togetha wt?h a fku in some c.f the other sets, may be dmntageousZy 
re~ervea' by the student f o r  exercise a p w  he has nude some Progruz 
in the SubJkct. In the Stmnd Edirion the hints fm tiK solufion of 
the Exampla /rave bcm const&&& iwwd. 
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Todhunter (I .)-continued. 

A TREATISE ON SPHERICAL TRIGONOMETRY. Third 
Edition, enlarged. Crown 8vo. cloth. qs. 6d. 

The present work is constmcted on the same p h n  as t / e  treahje on 
Plane Trigonometry, to whhh it is intended as a sequel. In the 
account of Napip/’s Rules of circular parts, an explanarimr has 
been g i z m  of a method of proof ahired by N a M ,  which seems to 
have been OverZooktd by most modrrn wders  on the subject. Con- 
sia?erable labour has been bestowed o n  the text in wder to render it 
rompelk=nsive and accurate, and the Examples (select& ?hU& 
from College Examinatwq Papers) have all been carefully vm$td. 
“Fw educarionnl purposes this work seems to be sup& ff any 

, I  others on the subject.”-Critic. , 0 %  

PLANE CO-ORDINATE GEOMETRY, as applied to the Straight 
Line and the Conic Sections. With numerous Examples. Fo 
Edition, revised and enlarged. Crown 8vo. cloth. 7s. 6d. 

The author has here endeavoured to exhilit the subject in a 
manner fw the boa+ of bcgitmers, and at the same tinwtov‘ntlde 
in one volume all that stucimts u d @  require. In addhibn, 
tkrejwe, to the proposifions which have always nppcared in siuh 
treatises, he has introduced the nidhods of abridged notation, 
which are of more recent origin: t h e  methods, whhh due of a 
lcss elementary character than the rest of the work, are placed in 
separate chapters, and may be omiited by the stu&nt a t j ~ s t .  

A TREATISE ON THE DIFFERENTIAL CALCULUS. 
With numerous Examples. Fifth Edition. Crown 8vo. cloth. 
10s. 6d. 

The author has endeavoured ita the present wod to e x h e  a iohpre- 
irmsiVr Vinu of the Dz&rntial Calnrlus on the method of limits. 
In flu mwe elementary portions he h a  entered into c o d e r a b l e  
&ail in the explanatahs, d h  tlu hope that a reader who & d h t  
the asktance of a tutor may be enabled to acquire a comnpet& ac- 
quaintance d h  the subject. The method aabpted is that of Day 
fwentiai Coeflcimts. To the dLyermt chapters a7r appendrd 
Examples m@%ntly numwous to renak another book unnecessary; 
these Exnmples being most@ selected from College Examination 
Paper. This and the forrowing work have been translated info 
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Todhun t er ( I  .)-mrtirttrcd. 
nalian by Profcssor Battaghi,  who in  hi^ Prejace spcah thus :- 
‘( f i r  publishing this translarion of the Di@rnttinl and hitqyal 
Calrrtlus of MY. Todhunter, we have had no  other o&ect than to 
add to the books which are in  the harids of the shidcnts of our Upti- 
veysi~ics, a work remarkable for the rleamcrs of the cxposithn, ihr 
y&ur of the d ~ ? J l O t t S t Y f f ~ ? ~ S ,  the ] h S t  prOpwion in the part$, end 
the nkh  store of exattrplrs which ofm a laqe  /Erld fw us+[ 
exercise.” 

A TREATISE ON THE INTEGRAL CALCULUS AND 11’s 
APPLICATIONS. With numerous Examples. Third Edition, 
revised and enlarged. Crown 8vo. cloth. 10s. 6d. 
This is dcn>cd as a work at once elet~tentary and ronrplete, adajfc(f 
far fke irse of bcg?iliners, atid siiJEkrit for the wants of advarired 
srcrdenfs. Iit the selcrtiotr of the propon‘lions, and in the nrodr of 
establishiq them, it has been sought to exhilif theprinriplu clear+, 
and to illisirate nll their most in@~tfl?it rerzrl(s. The prorrJs 6 
sutnnrahon has been r.peatedly brought fmuard ,  d h  the vieu 
ofscnrn’ng flu attention of the stuaffft to the notions which fmn the 
true foundation of flu Cnlntlus ifserf, as well as of its most 
vahablc applicntiotzs. Every attmipt has been made to explain thosr 
diJ2ulfirs which ustially perplex bep*nners, espeaially with refmmce 
to fhe limits of ititgrntions. A rrnu method has been adopthi itr 
regard to the traitsfonmation of niiiltiple integrals. The last rfiapicr 
deals with the Calcirlus of Variatwns. A large colleciwn of Emr- 
C ~ D ,  sclccfcd from College Exaitiinatio~i Papers, hns Been ajpemirri 
to the several rhaptn.s. 

EXAMPLES O F  ANALYTICAL GEOMETRY O F  TNREI.: 
DIMENSIONS. Third Edition, revised. Crown Svo. cloth. ,p. 

With nunierotlb 
Examples. Third Edition, revised and enlarged. Crown 8~0 .  
cloth. 10s. 617‘. 
In this WOI%. otr Statics (trcatiu$ of- the laws of the eguilibriutn of 

hodics) ruill Bc foictzd all fhc prol)osiliotis which tinrally appmr iti 
treatises oti Thcoyefical .Tfatics. To thc di@wctit chapters Examples 
are appended, which have Brcn prinrijklly selcctcd f iori i  Unher~Q 
Exa tha t iou  Papm. In the Third E d i t h  matty ada’ithtu hovt 
heen made, in order to dlustrate the ajplication of ihcpuinnjVer *f 
the su@ect to the solution of proBh.r~r~. 

A TREATISE ON ANALYTICAL STATICS. 

R 
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T o  dhun t cr (I.) -contiiiircd. 
A HISTORY OF THE MATHEMATICAL TIIEORT OF 

PROBABILITY, from the Time of Pascal to that of 1,aplace. 
8vo. 18s. 
The suekt of fhis work hns hgh  rlairns to consideration on account 
of the subtle ~ r o 6 l e n ~ s  which it involvcs, the vali~ahle contrilufions 
to analysis which it has I)rodnced, iis iinporfant fiat tical applica- 
tions, and the eitrinence of those who have cirlfivafcd it; nearly 
evny great n~athemntician withiit fhc range of a cnrfury and 
a half conzrs undcr considemtion in the conrse of the h h t q .  . The 
author has c d a v o w c d  to be Tirite accurate itr his statettwrts, and 
to  t-tprodtrcc the csseratial eleiirciifs of fhe onkiirial works which hc 
hm ana&sed. Besides b&tC a hisfur)!, fhe worb naoy clnim the title 
of a conrprehcirsize treatise o h  the Theory of Probability, f o r  it 
assuitus bt the rendw oil& so nftrch ktrowledge as can be gained f r o m  
arc eleincnfnty hook on Algchm, nnd infrodtices A i m  to almost mny 
process and euery . p i n 2  problcnt mhirh the liferaturc of the m&ect 
cau jiirnish. 

RESEARCHES IN THE CALCULUS 012 VARIATIONS, 
Principally on the Theory of Discontinuous SoIutions : An Essay 
to which the Adams’ Prize was awarded in the University of 
Gtmbridge in 1871. 8vo. Gs. 
The subjrrt of fhis Essay was prescribed itr the follmuing t e r m  6y the 

Exanrine-rs :-“A ddernrinai%ic of the rircuinstances under which 
t f i sconhhir i~  qf aity kindpresents ifscZf in the solution o/ a probleuc 4 

of nmaxiinunt o r  r~rinirtrunr ita the Calcirlus of Variations, and 
applications lo parfictrlar insiances. (1 is expccied that the discus- 
sion of the insfancrs should be exei:i$lz$ied as f a r  as possiblegeo- 

. metricaZly, and that atteirtion be especial& dircctcd to cases of rear or 
Wpposrd failure of the Cnlcrrlirs.l’ CYhile the Essay is thus tnainly 
deuoted io ’the ronsiderntion o f  discontinuous solirtions, van’ous 
other questions in the CaZctrZiis of Variations are exanrinea’ and 
Clrcridatedd; atid ihe arrihor dopes he has &finite& contrihtcdto the 
extenszhu and iiii)rovmient of our Rnrnded~c of ihis 7 e J d  depart- 
merit of ana&sis. 

Wilson (W. P.)-A TREATISE ON DYNAMICS. BY 
W. P. WILSON, M.A., Fcllow of St. Johli’s College, Cambridge, 
and Professor of hIathemntics in Qtieen’s College, Bclhst. Svo. 
3:. M. 
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Wo~stenholme.-~ BOOK OF M A T H E M A T I C A L  
PROBLEMS, on Subjects included in the Cambridge Course. 
By Josrsrir WOLSTENHOLME, Fellow of Christ's College, some 
time Fellow of St. Johy's College, and lately Lecturer in Mathe- 
matics at Christ's College. Crown 8 ~ 0 .  cloth. 8s. 6d. 

CONTENTS :-Gcomc/ry (EucZ2)-A&bra-Plane Tn&mmetq- 
G , .~m~trkd '  Conic Stchns-AnaCytiral Conic .SK~&WLS-T/UO+Y 01 
Efu&m-Difwenrial CaZnr?us-Intepal CdcuZu.r-Solid #to. 
mrhy-Statics-EZanmfary Dynnnrics-~~taon--Dynomirs of a 
Point-Dynanrics of a Rigid Body-E&iivostaiics-Geotnet&aI 
Optks-Sphrriral T~gmOtJt~try and Plane Ashotmy. I n  some 
cases t/tc author has prrjxcd to certain_ cla.wcs of pmbZmtr frag- 
mentary notes on the mathmatical subjects to whuh thfy relate. 
6 '  w ( i t i o r r S ,  sjvwnttrkn2, and ~iiell arranged. "-Girardinn. 
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Airy (G. B.)-POPULAR ASTRONOMY. 
By Sir G. B. AIRY, K.C.B., Astronomer Royal. 
cheaper Edition. 18mo. cloth. e. 6d. 

T h t  work corrsists of Sir ficturesx whkh are intended “to exphiti 
fo  infeZlt&at persons fhe pn’nr@Zq on which fhc insfrumrnfs of n>i 
Obsmatory are cotzstrurtcd (onzitling al l  detnil.s, so f a r  as t h y  a r t  
mere& subsidinty), and the princajVes on whuh the observations 
T n a d t d h  these ittstruntents are treated fm dedudion of tkc dirtanrrs 
nnd waghts of the bodies of the Solar Systmt, and of a fm stars, 
onaitting all minitrice of fornziila, n d  all  troublesome ddirils iv. 
calciilnfion.” The spe&li?y of this volume is the dirad rtfwcnre o j  
n~ny step to the Ohseninto?y, ana’ IheJIdll a’esc7+pfron of the inrthrds 
and itistrume>its of oh.srrcation. 

With Illustrations 
Seventh and 

BaStiall.-Works by 1%. CIIARLTON BASTIAN, M.D., F.R.S., 
Professor of Pathological Anatomy in University College, London, 
etc. :- 

THE MODES OF ORIGIN OF LOWEST ORGANISMS: 
Inchding a Discussion of the Experiments of M. Pasteur, and n 
I<eply to some Statements by Professors IIuxley and Tyntlall. 
Crown 8vo. qr. 6 6  

Thepresent volume contains a f>ngnieiat of the cuLietrce mhich 7tdl hr. 
rnrbodied in a much larger work- nmu nlnrost ronaplctd-elating ifi 
tkr.nabwe nnd or(p‘n of living matter, ana’ in faDozw of 70&f i.r 
tcrnaed the PhysSiCal Dortn’ne of Li$. “It is a ?work Worthy of the 
his,‘lrst respect, andplacrs its author in thr very j r s f  class ofs&ntr$ 
~)hy.&ians. . . . It 7uoziZd be d@cuZt f o  name on instanre in which 
shill, RtimuZedgt, persmerarrre, andgrcat reasoning pmutr have brmr 
more hajpi& applied to the investgation of a contplex &do,+al 
prodlmt.”-British Medicil rournal. 
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BEGINNINGS OF LIFE: l%eing some Account of the 
Nature, hfodcs of Origin, nnd Transformations of Lower Organ- 
isms. In Two Volumes. With upwards of 103 Illustrations. 
Crown 8vo. 28s. 
The suqecf of /his work is Otic of fhc kkhcst ilrfercsf not on0 fo  

srienf@e nten, but f0  iiitdltJetit t i iCi t  Of all kinds. Dr. Bmtian’s 
labours in this dircetion are alwaujl well ktiwwn and h&hl, valutd, 
men by f/rosc who d;Dr frmi his c~ficlt~sions. Tkesc voluriats con. 
tain the rrsutts of seurral years’ iiivest~ation on the Origiti of Lifi, 
niid il was otrly a / / . -  the author find procecdtd some lerigth with 
his ohervafhtis atid expcrinzenfs fhaf hc wus cornpr1Zcd to cfiatigc 
theopinions h6. sfarfcd with for those announced in the presetit work 
-fhe niost imporfatif of which i s  that in fa3oour of ‘‘ sjor#nneous 
griicratioir ”-fhe theory fhuf liye has ~iever ceased to be acfuaZ& 
0riS;natcd. l%t F I I ~  Parf of fl,; ork is intended fo show fht 
gctacral r.cadet-, itzore especially, t hd  ths lopd rotasequences of thr 
timu coniiiioit~‘y acc,yfra doctrincs eorrcerniirg fhs Conservation of 
Encqy” arid the ‘( Corrtktion of fhc J%al aiad Phy-kal Form ” 
ore ~ukolCyfavourablc to the possibilt~ of fhc indefiidcnt onkin of 
“living” ritattrr. It also contains a v i a  of the ‘( Cellular 
Thrmy 0 f Org.Rnisation. ’’ Itt fke Sccond Parf of the work, andm 
the head ‘’ Archebiosis,” the quesfion ar to theprL.renf occurre~ice 01‘ 

~ O I I - O C C U I ~ ~ ~ H C C  of ‘< spontatieous gcitrration ” i s  fuZ& coiisidtd. 
He has ntnde ’a rrofaGZe confributioii to thr liferafurr of scicttfi& 

research and e.xjosifion.”-Dnily News. “ I f  is a book that 
cunnot bf &orcd, arid niusf iiteviirnbly ad to rcnnued disrussiotis 
und r@cizfed obscrvnfions, and fhrou, /r h e  fo  the esfablishnicnt of’ 
f ruth. ”- A. li . WALL ACE in N ahre. 

Birks (T. R.)-OX MATTER A N D  ETIIER ; or, The Secret 
Laws of Physical Change. By THNAS RAWSON BIRKS, M . k ,  
Prokssor of hloral Philosophy in the University of Cambridge. 
Crown 8vo. 5 r .  6.2‘. 

l%e  a u t h r  bcIipuEz fhaf thchyfithcn‘: q’ fhr rxistrrce of; besidrs ,maffcr, 
a bminotts ether, 4 inimrnsr eZa:ic !>rce, suppiits thc true and s ~ f -  
f i c k t  key fo the rentaini7ig secrefs oj itwrganic niattm, oj the $e- 
nonima of lkhf,  elcctrii<Q, etc. III fhb tr(a!& tAe author rndea: 
voursJfrsf f o f o m  n ckar nndGlj~$& ~ w ~ ~ ~ % w  wifh regflrd io thc 
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real nature both of niatter and ether, and the laws of n i q W  achn 
whkh tnust be srrpposea! to cxist belween them. He then ena2avuurs 
to trace out the naain conseqiietues of the fundanaentd hyflthcsis, 
and their correspondence d h  the known phrnontma of physical 
change 

Blanford (w. T.)-GEOLOGY A N D  ZOOLOGY OF 
ABYSSINIA. By W. T. BLANFORD. 8vo. 21s. 

2% work contains an accouta/ ofthe Geologkd and Zoological Obser- 
v&ns made by ilu author in Abyssinia, whva accompanying the 
Br&h Army ort i t s  march i o  MagdaZa and back in 1868, and 
during a shwt jwrn y in N0rho-n Abyssinia, after the dqarture 
of ihe troops. Part I; Persona8 Narrative; Pczrt I(. Geology; 
Part III; zoo lo^. With Coloured lllustraiwrts and Geological 
Ma?. is  an 
inaportani contn’buiwn to the natural histoty ofthe counfry.” 

“T/K rcnrlt of his la.Jours,” the Academy says} 

Cooke (Josiah P., JUn.)-FIRST PRINCIPLES OF 
CHEMICAL PHILOSOPIIY. By JOSIAH P. COOKE, Jun., 
Ervine Professor of, Chemistry and Mineralojg in Hnrvnrd College. 
Crown8vo. IS. 

The objct of the author in thit book is to present the philosophy of 
Chemistry in such a form fhat it can be made willr @oft fhe mGect 
of College recilafwns, andjlcrnis.4 the teacher wi?h the weans of 
testing t h  studatt’s faithfilraess and abilily. With t hb  vinu ihr 
nibject has been dtvelopcd in a fogirnl wdw, and tlu princ@es of 
the science are taught indepmdently of the expniniental euidencc on 
:i4ick they rest. 

Cookc (M- C.)-HANDBOOK OF BRITISH FUNGI, 
wth full descriptions of all the Species, and Illustrations of the 
Genera. By M. C. COOKE, M.A. Two vols. crown 8vo. zqc. . 

During the thirty-Jive ycars that have elajsed since the appearanre of 
the last con@lete Myrologti: Flora 110 atten@ has .Jreia made fo  reuire 
it, fo  iticwflrafe specia since discmered} and to bring ir up io the 
standard o f  mo&n science. No apology, fherflore, is necessaty for  
the presetit rfort, since aZZ nui l l  admit that the want of such o 



Dawson (J. W.)--ACADIAN, GEOLOGY. The Geologic 
Structure, Organic Remains, and Mineral Resources of Novn 
Scotia, New Brlmswick, and Prince Edwnrd Island. By JOHK 
WILLIAM DAWSON, M.A., LL.D., F.R.S., F.G.S., Principal nnd 
Vice-Chancellor of M'GiI1 College and University, Montreal, &c, 
Second Edition, rcvised and cnlargcd. With 3. Geological Mnp 
and numerous Illustrations. Svo. 18s. 

Tlrt overt of the first edition of this work 7wns to p k r e  &hb  the 
reach of the people of the d&rkis to whuh if relates, a poprilar 
accounf of the niove recent dbve&s ilr the p l o ~  and mineral 
~~sorirces their c w n t v ,  and at the satire time to give to geoZogists 
iz o t l m  c~rtrih-ies a connected view of the structure of  a vny in- 
terestiiir portwiz of fk Atiimi-an Cotrtinent, in its relation fo 
prtral a d  zlreorctical Geology. Irr tke present rditioii, f i  is hoped this 
&sip is still more corrtpZetdyfu~ZIcd, with u~eretrce to the prcserit 
vwre advaiiccd corrdition of fiffmuledgc. The author hns rrida- 
voured to ronvy a Lvioiilcdge of the stnirtiire and fossils of the 
re&tt i i t  mch n marrirw as io be irccZIip'ble io ordinaqi rendm, 
aud has devoted nrirch nttentioir t o  nfl  pustioris rrlating to the rtntuyc 
and present or prospective v n h c  of dcposits of risc/lrl minerah. 
B e d s  n large rolouyed Gcological Afn j  of thc district, the zuork 
is illustraied 61 tqharn's nf 260 cuts o f  sections, fossils, aninials, 
etc. " Thr book w 7 i  dotrbtlcss firrd a place irr the libmy-!, not onlj' 
of ilu scieiz@c gmlogikt, but also of all W ~ W  nrr desirotu of ih in- 
dwtrkl propcss a i d  coniinercial pros&v-ity of the Acadiatr Pro- 
m'nces."-Miaing Journnl. " A  sele  at orzce$opuZar and .crinlti&. 
. . . A!waZriable addidon to  0ur.stm-e oj geoio&al Lwowl&@"-- 
Guardian. 
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Flower (w. H.)-AN INTRODUCTION TO THE OSTE- 
,OLOGY OF T H E  MAMMALIA. Being the substance of the 
Course of Lectures delivered at the Royal College of Surgeons 
of England in 1870. By W. 1% FLOWER, F.R.S., F.R.C.S., 
Hunterian Professor of Comparative Anatomy and Physiology. 
With numerous Illustrations. Globe 8vo. 7s. 6d. 

Although the present work contains thesuGstance of a Courseof Lectures, 
the form hm been changed, so as the beffer to adapt it as a hand- 
book f o r  studeat. Thewetual views have been almost entirdy ex- 
clucfed: and while if is impossible in a scientific treatise to avoid the 
ntploynirt of fechnual ferms, il has bun fhe author's endeavour to 
use no more than absolute+ necessaiy, and to exercix due care in 
selecfing only those that secw niost apfroprbte, or which have re- 
cdved fhe satutwn o/ general adopfwn. With a very fcw excep- 
twns the ilZustrahbns have 6een drawn cxprrssly fw this workjrotn 
specimens in the Museum of the Royal Colfege of Surgeons. 

Galton.-works by FRANCIS GALTON, F.R.S. :- 

METEOROGRAPHICA, or Methods of Mapping the Weather. 
Illustrated by upwards of 600 Printed Lithographic Diagrams. 
4to. 9s. 

As Mr. Calton entertains strong vkws on the nccczzi(y of Mctcorolo- 
gical Charts and Maps, he determined, as a practualpoof of what 
could bedone, to chart themfirearea of Europe, so far m metmroZogirc2l 
statwns exfend, duringone month, viz. fhe month of Decmibn; 1861. 
MY. Galton got hL dafa fyom authonhh in mny part of Bdain  
and the Continmt, and on the basis of these has here drawn up 
nearly a hundred dtrwent Maps and Charfs, showing the state of 
/he weathtr all over Europe during the alum p&d ' If the 
various Gouernmmts and sCintttjic bodies 7uOuhf perfirm for  tlu 
wlwle worKdJor two w tlrte years what, at a great cost and labour, 
Mr. Galton has donc./or a part of  Europefir one month, Metewo- 
Zom would soon cease to be made a j &  oJ"-Spectator. 

' 

HEREDITARY GENIUS : An Inquiry into its Laws and Con- 
sequences. Demy 8v0, 12s. 

" 1 propose," the author says, " to show in this boo1 that a mads 
natural abilities are derived by inheritance, wndw cxaciQ the s u m  
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limt?alions as are the form am’$hykalfeatures ofthe whole organic 
world. 1 shall shru that sorid agencies of atr ordittary character, 
whose influences are little suspected, are at thh nwnimt working 
towards ihc dc-adaiw?$ of humaa naiurc, and that ofhers arc 
working towards its imprmonnrt. The general plan of my argu- 
ment i s  to show that ha$ reputation i s  apret9 accurde test of h@.i 
abi(ry; wxt, to disru.95 fh rdahnships of a lar-e b d y  of fairf i  
m i w t  men, and to obtain flom t h e  a genmal suruy of the laws 
of hed i t y  in respect of genius. Then will follow a short cfiaptw, 
by way of coni,4arisOn, on ihe hweditary tra?is??tis.&n of phykd 
gaps, as deducedfroru ihr relatiotrships of cerfah classes of oarsma 
and wrestlers. h f f i ,  1 shall collatr my resulfs and draw eonclu- 
&ns.)’ The Times calls it “ a  ‘most able and most infercsting 
book;” and Mr. Darwin, iti htj “Descent of hfan” (vol. i. p. III),  
says, ‘‘ We ktrmw, ihrou<yh the admirable labours of Mr. Galton, 
that Genius fends io IC iiiheritcd.” 

Geikie (A,)-SCENERY OF SCOTLAND, Viewed’ in Connec- 
tion with its Physical Geography. With Illustrations and a new 
Geological Map. By ARCHIBALD GEIKIE, Professor of Geology 
in the University of Edinburgh. Crown 8vo. 10s. 6d. 

‘‘ We can conJa’cntlq reconrmnrd Mr. Geifiics wor& to those who wish 
io look berow the surface and readthe physical h i s h y  ofthe Scenety 
of Scotland by the ligd of naodm sn’mre.”-S?turday Review. 
c 6  drnusiris, puturespic, a d  iwstrftctivc. ”-Times. 

Guillemin.-TIIE FORCES OF N A T U R E  : A Popular Intro- 
duction to the Study of Physical Phenomena. By AMSDEE 
GUILLEMIN. Translated from the French by MRS. NORMAN 
LOCKYER ; and Edited, with Additions and Notes, by J. N o m r A N  
I,OCKYER, F.R.S. illustrated by 1 1  Colourccl Plates and 455 
Woodcuts. Iinpcrial Svo. cloth, extra gilt. 31s. 6d. 

M. Guil[ct,rin is alrearlj’ well h i o x m  i7i this coronity as a most success- 
ful l)ojtifariser of thc izstilts o/ acnrrafc srirtrir;lFr research, his‘ 
works, whiZe efoquent, idrZli&4le, and infcrtstiti~ fo  the general 
reader, being thoroit*yh@ trusimorihy a d  up to daft. The p c s d  
WW& cortsists @ Snun Books, each dhi& info  a triimler of 
Chapters, the Books trealing vespeccn’vrly of GraviQ, Sound, 
&‘ht, lfea f, Magnehsm, Elatrkity, and pttnosphrriC Mettoys. 



26. .SCIEN.TJK?C CA TALOG UE. 
_.-- __ 

Tlrr programnte of tlsc work has riot 6eeta conjnea' to a sivnjle 
explanation of the facts : 6ut a n  attempt has 6een made io grasp 
the+ relative 6eariifg8, or, in o f h a  words, their laws, and thnf 
too withoid iaking for granfed that the reader is ncquninted 
with matheinntics. Thc author's nini has heffi to  snroofh the way 
for those ru40 desin, to extend theiu studics, and liknvrse fo jrcsent 
to gemrnl m d t r s  n n@ritnt+ exact andjiist idea of ikis6ranch of 
scCierrce. The nunicroiIs roloured illustmtions and 7uoodcitts are not 
6rought into ihe tcxt v i e r d y f w  shmu, Gut mch otic i s  ymlly illus- 
trative of the suqect. Y2e nnme of fh t  translator andeditou is a 
sujicient guaranfce both that the work i s  of gcniiim scieniijir vnlrre 
and that the translation i s  accii +ate and executed 7 d h  intelligence. 
" This book U a lurun'ous introduriioit to the study of  the Physical 
Sciences. M. Guillemin kasfound ara excelletat translafor in MIS. 
Norman Lockyer. while the cditorskip of Mr. Korman Lockyer, 
wifh his rtofes and additions, auc guaranfees not on& of scienttJfc 
arcurav, brit of fhe completeness a i d  lateness of the if formztioa. " 
-Daily News. 

€looker. (Dr.)-THE STUDENT'S FLORA OF THE 
BRITISH ISLANDS. By J. D. HOOKER, C.B., F.R.S., 
M.D., D.C.L., Director of the Royal Gardens, Kew. Globe 8vo. 
10s. 6h 

The object of this 7umk i s  to suppry students nndjdd-hotanists with n 
ful& ~cmcraf  ojthe Plants of theB&h Islands fhaa the ttianuals 
hithcrfo in use aitlr at giving. The Ordinal, Generk, and Spe@c 
characters have 6een re-writtcu, and arc to a p e a t  extent on@nai, 
anddrawnfroni livitrg or dnk'speciniens, or  lofh. " Camot f a i l  lo  

llprjferilv ju@l the purpose f o r  whuh it is itziettdrd."--Lmd and 
Water, '' Contai~zing tlu fullrt and most accurate niatiual of the 
kind that has yef a@rarrd.~'-Pall Mall Gazette. 

Huxley (Professor).-LAu SERMONS, ADDRESSES, 
AND REVIEWS. By T. 13. HUXLEY, I,L.D., F.R.S. New 
and Cheaper Edition. Crown 8vo. 7s. 6d. 

ROXb7ttetZ Discourses 011 thefollmuiiig suGects:--(l) Oti the' Advisable- 
russ of  Impuving N a f w a l  ~fiiuwledgc :-(2) Enaancz~ation- 
Black and Wlh :-(3) A Lihcral Educafion, and where to find 
ii:-(4) ScicnfifiEducation :-(s) On the ,5ducatiorral lrdue .f 
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LESSONS I N  ELEMGXTARY 1’HY SIOLOGY. with numerous 
IUustmtions. Sixth Edition. 18mo. cloth. q. 6d. 

This bood dcsm’bes and explains, in a series of  gvaduated IesTom, the 
$rinc$Zes of Ifiman I”/lt~.s~bLogv, or fde  Struefurc and iCttnihbris 
o/ the Ifiwzan Body. The Jrst lcssoir supplbs a genrral view of 
the suZytct. This b foZlmed by sections on the Vascular w Verrars 
astoti, ntid ihe Circuiattbir ; the Blood aird the Lynlph ; Rcspira- 
tioiz : Sources of Loss and of C a h  to thr Blood; the Function of 
ri~inrentation ; Motion and Loroniotioir ; Seiisatiotts and Sensory 
Organs; the Oqati o f  S k h t ;  the Coalescence of  Sensathns with 
one anothrr ami with ofhey S t d s  of Co~zs~~z+~ness;  the Nmms 
Systrgir and Innovation ; H t s t o l o ~ ,  or the Alinute Stmcture of 
the Tissues. A TnbZe of Anatoviical arid Physiological Constanis 
is q p c & d  The lesmm arc f r d Q  i//lslmtcd ty ?zurnermds 01- 

b W V i j l g S .  The ~ie i i )  edition has leeir thoroighlj, r m x d ,  arid a con- 
&!cradle nrrrirder of ?~c lu  iUusZriitioiis added: s e v e r d  of thcx hnvc 
dcm taken froin ihe h’adbif, ihrrShcef,the Dog, nndfhe Pros, in order 
to aid ihosr who ottemjl to make thrir Knvddge veal, by ac~ubhg 
sotire practical arpnit i tance with the facts of Aiiatomy mid Phyi- 
olo&y. ‘( Pure gold fhrotcghout.”-Guardian. L L  Untpue.sihab& 
the Czarest and wtost ron.@iele eltmeniary trpniisc om ihis su&tct 
thnt we possess in any Zan~tcn~e.”-Westminster Review. 
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Jellet (John H., B.D.)-A TREATISE ON THE 
THEORY OF FRICTION. By JOHN H. JELLET, B.D., 
Senior Fellow of Trinity College, Dublin ; President of the Royal 
Irish Academy. Svo. 85. 6d. 
The Theory of Ft+ittion, coasidmcd a5 a par/ of Rational Mechanics 

ha5 wf, tAr aufAar thinks, reccivca’ fhc nffetztiott which if deserves. 
On (hi5 account many studcuts have been probabIy led to reLJnrd 
the discussion of this forcc as scarctb bdot@g to Rational 

’ Mechanics at all; whereas fhc tdeory of fricfio$r is as truly a p - 1  
of that srr+y/ as fhr theory ojgvuvitafwu. The force with whir4 
this tireoiy i s  concertred i s  srihjcct to  laws as definifc, ana‘ as /It15 
suscejfible OJ mxtheniaticaZ cxjression, as ihc force of graviQ. 
This book is iahcn up wiih a sPrr;nl inve5it&zfioit of fhc laws of 

f i irciarr  ; and some of thcpritzciprrs confainea’ in it are dr[ieved to 
bc &rc enunchtcdrdfor thc f irsf  tinre. 3 % ~  work corrsbts of ekht 
Chajters as jo&?w.r :-L DcfiiniZiotrs atid Binci>/rs. IL Equdi- 
briutn with Fricfiorzs. IZZ. Extreme Posilions of Egadibnzbm. 
Iv; Marenretrf of a P?rtule w System of PndcIcs .  K Motion 
o/ a Solid Body. VI Ncccssary and Possible Equili6nuiti. VZL 
Ddwnfi?fatioir of the Actual Vulue of the Azfin6w Forceof Frictioot?. 
VIIL Miscellaiieotrs Problcins -1. Problem of the Tob. 2. Friefion 
Wlccls and Locomotives. 3. Qucsfions f o r  Ezercisc. “ The boo.& 

sufiplics a ~ u n n t  which has hiiherfo rxisted in fhc rcz’ence of pure 
mrrRanics.”--I: ‘n g’ ineer. 

Kirchhoff (G.)-,RESEARCHES ON ‘ r m  SOLAR SPEC- 
TRUM, and the Spectra of the Chemical Elements. By. G.  
KIRCHIIOFF, Professor of Physics in the University of Heidelberg. 
Second Part. Translated, with the Author’s Sanction, from the 
‘I’mnsactions of the Berlin, Academy for 1862, by I I E N R Y  R. 
ROSCOE, B. A., Ph.D., F.R.S., Professor of Chemistry in Owens 
College, Manchester. Part 11. 4to. 5s. 
“It is to KircJ”offwc nrcindebtedfor by f a r  thelesf and most arcurnti 

ojsermtioolzs of these $Amour ora .”-Edin. Review. ‘ ‘ This ~nciiioii- 
seems alviosi bdispisablr to  me>y Spectrum observcr.”-1’hil~ 
sophical hlagnzinc. 

Lockyer (J. N.)--T:LEMENTAIL\; I , E Y S O N ~  IN AS- 
TRONOMY. With numerous Illustrations. By J. NORMAN 
LocKYER, F.R.S. Ninth Thousand. rdmo 5s. 6d 
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Tht author has here ainttd io  gibe a conticried v h u  f l the whole subjcrt, 

and lo supprY facts, and idem founded o n  the faris, io  sc111c as a basis 
fir siibseqzceiit stiidy and d~kussion. The chal)fn.s treat of the 
Stars and A7i6itlrc; the Sun; ihe Solar Sysiriii; Apparent M w e -  
tnetiis of the HeavrnZy Bodirr; the Meamrei~ip~t of Tinte; Lkhf:  
the Telescope and Spcrhocope; Apparent Pfmcs of the Ifeem,en(v 
Bodus; the Real Uista nres andniniensi‘ons; Univrrsal Gyavflation. 
TIu niost rerent Astronomuai DiSC0vet-k are t’ncor-oraftd. J fr .  
Lockycr’s work supplcnicnts that of ihe Astronotner Royal. $ 6  ~k~ 
book is full, clear, sound, nnd worthy of attoition, not o r b  OS lr 

fipular exposition, but as a sci~ntiQic ‘ I?zdex.’- Athenzccum. 
Th most faseinntiq of tkt~tnitary books o n  the Scihrrs.”- 

Nonconformist. 

Macmillan (Rev. Hugh).--For other works by the sall1(: 
Author, see TIiEotocrcAL CATALOGUE. 

HOLIDAYS ON HIGH 1,ANDS ; or, Rambles mid Incidents in 
search of Alpine Plants. Crown 8vo. cloth. cs. 

The aim of thir book ir io iftipart a general idfa of the 0?7$??, c k -  
racier, and distn’bufibn of those rare and beauauriful Alpine $ztit.r 
whuh occur on the B&sh hills, nnd whufi are found almost CZJW).- 

whwr on fhc Zofi rnoimlain rhains of Europe, Ash, Afn>a, arid 
Anicrira. 111 thefirst three chapters the pcctrliar v(.yetariOri of thr 
I.+hland inozrnfaitis is fully dcscribcd; whife in the remaitlin<y 
chapters thu vigrtation u traced to its northern crndle in the moun- 
tains of Norzoajl, nrrd to its sorrtherrz Bumpenn trnninati~ii itr f h f  
Alps of Swiiwrland. The itformathi the niiikor has to ginc is 
eonvtytd in a setfing of personnl advenfure. ‘‘ 01ic of the mo.d 
cAartning books of ils kind NCY wdten.”-Litcrary Churchmni~, 
‘ I  Nr. M’s &:~i t z~~~~i r f t~rcs  of Scmidinaviati scc/my.”--Sa(ur(ln~ 
Review. 

FOOT-NOTES FROM 1 I I E  PAGE OF SATURE. With 
numerous Illuqtmtions. I‘cap. 8vo. 5s. 

“ Those who have dcrir~rdpleas~cre nrrdprojffi.orii tic. sfudy o f J o ; i ~ t ~ S  
and ferns--w&ectr, it is pJea&g t o j h i ,  r i m  mcipherc @pilar 
-by descenditig lmvw into the arcana of the vgLfabk kiwgdnni, 
d f f i n d  a still more interesting and deltj,4+ljeld of research igr 
iht o&ds brought under rmku in the foIlowitqpzg~.”- Preface. 
L c  The naturalist and the botanist will delight iti t&s volume, and 
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those wlw understand little of the scictatz~c pads o f  the work will 
linger over tltz mysterious pare of nature here unfolded to their 
vinu.”-John Bull. 

Mansfield (c. B.)-A THEORY OF SALTS. A Treatise 
on the Constitution of Bipolar (two-membered) Chemical Com- 
pounds. By the late CIIARLES BLACliFOKD firAXSPIICLD. Crown 

(’ Mansfiehi,” says the edilor, “wrote this book to d&wd the pritr- 
ajVe that the fact of voltaic decomposaXm aforded the true indi- 
carian, zYl>ropw& intwpetea‘, of the nature of the saline strurfure, 
and of the afomicify of the elements that built it up. No  chmrist 
&‘lpmse this book withut fieling tlit he is in thepresence of an 
oripkal thinkcr, whose pnges are continual& sugptive, men 
though ihkr general argirment may not le entire& connrrrmt in 
direchbn with that of modem chetnual thought.” 

Mivart (St. George).-ON THE GENESIS OF SPECIES. 
By ST. GEORGE MIVART, F.R.S. Crown 8vo. Second Edition, 
to which notes have been added in reference and reply to Darwin’s 
“Descent of Man.” With numerous Jllustrations. pp. xv. 296. 
9s. 
The aim of the author is to support the doctrine that the various 

speaks have been euolved by ordinary natural laws ( f i  tiu most 
part unknnun) controlled by the nibordinate aclion of ‘$ nalural 
selection,” and at the same time to  remind some that there is and 
can l e  absolute& nothing in  physical science which fwbidr them to 
regard those natural laws as acting with the Divine concurrence, 
and in obedienre to a credivefiat original& imposed on thepriinmal 
cosmos, ‘‘ in the beginning,” by its Creafor, its Upholder, and its 
Lord. Near@ji?y woodcuts illustrate the letter-press, and a com- 
plete incdx makes all rt$mezces extreme& easy. Canon Kingslv, 
in Iris address to the Deuonshire Association,” says, “Ld mt re- 
coittmmd earnest& to you, as a specimen of what can be said on the 
other side, the ‘ Genesis of Species,’ iy Mr. St. George Mivatl, 
I% R.S., a book which I am happy to say has been received e l s m h e  
as it has deserved, and, 1 trust, will br rrccivcd so among YOU.” 
“ In no work in the &&ih langllage has this Feat controversy 
been treated at once with the same broad aitd vip.rous g~as j  
of facts, and tire same liberal and caradid ternper.~”-Saturday 
Review. : 

8vo. I@. 



PHYSICAL SCIENCE. 31 
.-- 

Nature.-+ WEEKLY ILLUSTRATED JOURNAL OF 
SCIENCE. Published every Tharsday. Price 4. Mollthly 
Parts, IS. 4d. and IS. 8d. ; I-Ialf-yenrly VoIumes, ios. 6d. Casesfor 
binding Vols. IS. 6d. 

I I  Bacfied by ntany of tke  best ?iatiicT arnung EftgZuh pkzi’osophers, and 
by a fm epuaZZy vaZuabZe sirpporters in Am&a and on the Confi- 
nmt of Eurupe..”-saturday Review. ‘‘ ThC able and wll-niiccn 
wyndl wkich posts 2 4 9  t/re science of the day pmmnptZy, and 
promises io be of stgiial service to strtdents nsd savatl/s.”-British 
Qunrterly Review. 

OfiV.er.-Works by DANIEL OLIVER, F.R.S., F.L.S., Professor of 
Botany in University College, London, and Keeper of the Herba- 
rium und Library of the Royal Gardens, Kew :- 

LESSONS IN ELEMENTARY BOTANY. With nearly Two 
Hundred Illustrations. Twelfth Thousand. r8mo cloth. 4. 6d. 

Thir book is  des&ied i o  tach ihe elttrtcnfs of B&any oft Profersw 
ifitislmu’spZaw of selecicd Tyjes and by ihe use of Schedulrs. The 
earlier chapters, enrbracitig ihe elements of Shvccural and Physio- 
Zogz2al Botany, i?ifroduct 11s to fhe n~efhodical study of tAe Ordinal 
Tyjes. The concluding chapters are entitzed, Hmu to Dyy 
Plants ” and “ Hmu to Describe Plants.” A valuabZe GZossary is 
appended to the voZunu. I t r  fhe preparation of this 7uwk f i c e  use 
hm beeia made of the rnanuscn2f niat&s u j  iihe late prtlesmr 
HtnsIw. 
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Penrose (F. C.)-ON A METFJOD OF PREDICTING BY 
GRAPHICAL CONSTRUCTION, OCCULTATIONS O F  
STARS BY THE MOON, AND SOLAR ECLIPSES FOR 
ANY GIVEN PLACE. Together with more rigorous methods 
for the Accurate Calculation of Longitude. By F. C. PENROSE, 
F.R.A.S. With Charts, Tal~les, ctc. 4to. 12s. 

The author bcZimes ihaf by a graphic nzet4od1 the predicfwtr d 
occulfafwits can be rendered vzore invifin~, as ?uel2 as nure expedi- 
tious, than by the nzefhod of calculation, if may prave-’acrrpabZe tu 
the nauficalpro/cssrbn as we22 as io scienfijic fraucZZers or anzafeurs. 
The aufhor has endeavoured lo make fhe whole process as intelli- 

gible as possible, so that t@ beginncr, insfead of mere& having In 
f o l l m  directions inipwykf& undcrsfood, may rradi& conrprchend 
fhe nzeanin~ of each sfep, and be a&, fo  ilZmtrate f4epracfue by  he 
fheory. Besides 022 necessary charts and fables, the work confains 
B Iargc wtnrber of skcIeIon forms for working out cases ita 
jracfice. 

Roscoe.-\Vorks by HENRY E. ROSCOE, F.R.S., Professor of 
Chemistry in Owens College, Manchester :- 

LESSONS IN ELEMENTARY CHEMISTRY, INORGAWIC 
AND ORGANIC. With numerous Illustrations and Chromo- 
litho of the Solar Spectrum, and of the Alkalies and Alkaline 
Earths. New Edition. Thirty- first Thousand. 18mo. cloth. 
qs. 6d. 
It Ras been the c;zdeavmw of fhe aufhor to arrange fhe most intporfant 

facfs and prinrtjVes of Modern Chemislry in a plain but ronciw 
and scientrJic form, suited to the prescnt rcquirenreufs of e2enrnttary 
instrwtion. For the purpose of facilifa ling the aftainmeni af 
exacfifude iii the knmledge of fhe suyecf, a spries of exerciSrs nnd 
quesfwns upon the l~ssorzs Rave been addtd. The mefru sysfem of 
waghfs and nzcasures, and the cent&adr tlwnzometrk k a k ,  are 
rued f h r o @ n d  this WWR. The ncw edifion, bcsiies new wood- 
cuts, contains irrnny additions and inrprovenicnfs, and inclitdts fhc 
most iinportant of the Zatest dkiuo+s. “ lye ttn4esitafing& pro- 
munce it the best of all our elenzcntary trcatises 071 Chemistry.”- 
Medical Times. 

SPECTRUM ANALYSIS. Six Lectures, with Appendices, En- 
gravings, Maps, and Chromolithographs. Royal 8vo. 2 1s. 
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A Third Edilion o f  ihese popu(a7 fictures, containing all the mort 
receni discaurris and several addiCionaZ illustrations. “/IC h 
k tures  he has given the hrjlorv o f  ih discwery and set fwih thr 
firis relah‘ng i o  the ana&sis of &ht in such a way that any rmak 
of wdinaty intell&wue and i n f e  will be able i o  u&siand 
whai ‘Spectrum AM&&’ h, and what a ~ e  B claims to rank 
among ihe nwst signal iriunzphs of s-e.’”-Nonconformist. 

17re letures ihemsclves f i7nW a most adtnirabk el-ayy 
trrafize on the su&ect, whilst & ihe ~ns&n in rzppcndke~ to MCA 
lecture of extrncts from ihe most itnporiani publidca’ rnan&a, the 
auihor has rendered ii egual[y valuable as a iui-book f w  advanced 
siudmis.”-Weatminster .Review. 

Roscoe and JOnCS.-THE OWENS COLLEGE JUNIOR 
COURSE O F  PRACTICAL CHEMISTRY. By Professor 
ROSCOE and FRANCIS JONES, Chemical Master in the Grnmmnr 
School, Manchester. 

Stewart (B.)-LESSONS I N  ELEMENTARY PIIYSICS. 
By BALFOUR STEWART, F.R.S., Professor of Naturnl Philosophy 
in Owens College, Manchester. With numerous Illustrations and 
Chromolithos of the Spectra of the Sun, Stars, and Nebulre. New 
Edition. x8mo. 4. 6d. 
A dtsct+fwn, in an  elementary naanner, of the most inzpwtant o/ 

those laws whuh regulate ihe phenomena of naiirrr. . ZXchchbe 
agents, heai,‘liglrt, clectrzdy, dc., are regard& as varirtirs of 
energy, and the work & so arranpd that thn> rela& io o m  
anoihcr, looked at in this &)ai, and the paramouni ina$wtance o j  
i h  laws of e w g y ,  are clearly &ought oui. The voluitu contains 
all the necessary illustrahbns. The Educationnl Times calls this 
“ihc beau-ideal of a scuraCifir iexi-book, clear, accurate, and 

x8mo. with Illustrations. 22. 6d. 

thwough. )’ 

Thudichum and D u p r i . - A  TREATISE ON THE 
ORIGIN, NATURE, AND VARIETIES OF WINE. 
Being n Complete Mnnunl of Viticulture nnd (Enology. By. J. L. 
W. THUDICHUM, M.D., nnd AUGUST DuPRJ?, Ph.D., Lecturer on 
Chemistry at  Westminster Hospital. Medium 8vo. cloth gilt. 255. 

In this ekabwate wwk the sudjrct o f  ihe manrrfaciurc o f  W*HC u 
ireaied scunhjFcol& in minute deiail, f rom aery poini of v b .  A 
chapter h dtvoira’ i o  the Ongin and Phynblogy of Ents, two i o  ih 

C 
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: Prin@es of Viticulture; wlde other rhapfers treat of Vintage and 
,Vini/icahon, lhe Ch~nrish.y of Alcohol, the A&, &?ut-, Sugars. 
and other matters occurring k wiw. ?Air itztroductory nmttn’ 
ocmphs the .first nine chap!ers, the re?tuining,srvmteen chapters 
being occupied with a &failed account of the Vitiatlfurc and the 
Wines of ihe varlbus counirzh of Euro#e, of / / e  Atlatttic hlatuls, 
of Ash, qf AjriCa, .f America, and uf AustraZia. E e d u  u 
number of Analyttkal ntM StatisLizal Tables, tkc work .is enriched 

“A treat& almos# un+ue 
fir 23 w&lncxs m 2 k  lo t.!! wiwpvwcr, the vendor, or the b’Oi1- 

wnw of w‘ne. The analyses of wiru are the most rompleit we 
have yet seen, exhibiting ut a glance the comtituetrt p ’ i n c z ~ h  of’ 
neartyallt/ic wzntrktzma>a fACrowzby.”--\Vine Trade Review. 

OF NATURAL SELECTION. A Series of Essays. By 
ALFRED RUSSEL WALLACE, Author of I‘ The Malay Atchipelago,” 
etc. Second Edition, with Correctioiis and Additions. Crown 
8 ~ 0 .  &. 6d (For other Works by the same Author, see UTA- 
s.O@uE OF HUTORY AKD TRAVELS.) 
Mr. Wallace lrns good claims to le cottsidcrerl as an indepmdetlb 

qlgimtor of t /e tkedry d rzataral Jeltctwii. Dr. 1$00ka; C 
A i r  address to thc British Associalhtr, spoke thus of,the nuthot‘: 
‘6 Of Mr. Wallace and iris nzany contrihri&ias to philosojhcal 
&logy it is not easy to speak witkout entkusimw; fur, p f i i n j  
o d e  the> g r t ~ t  m t d s r  )e, throrghout /Lis wrdi>igs, d I r  u 
modesiy as rare as I believe it to l e  uitconsciom, forgets his lnutL 

unguesrioned claim to the honour of having- or&ttafed itrdrpti- 
&t& of Mr. Dam&, flu i h & s  whieh Ire so ab& defcds.” 
The Saturday Review says : “lye has conrbined an abundance 

fresh and agi fra l  facts with a livelitless and sagady of rea~onifz; 
which are not oJ&etz d.+Vavtu’ so eD;.r;vrry on so small a scale.” 
The Essays in fhis volunre are :-I. “On the Law wiiulr has rrgtr- 
rated tlu intrducfion of ”I SpcEics.”, II. ‘ I  On the T&&s of 
Varutus (0 depzrt indeflmk+fkwJ /At O&imI Tyje.,’ 111. “nii. 
mkry ,  ntui otlw ,Protective Rc.settr&kwces among Anininls.” 1P. 
“ T/re Malayan Papilwiiidrc, ns illustrative o f  the Tiiioovy OJ 

Naiural SeZeclwn.” ”Otz h6stik-t irr Mait und Antmals.” 
V,! “ The PhilosopJ~ uf Birds’ Nests.” VIL “ A  Theory o j  
Birds’ Nests.” VIIL “ Creation .by Law.“ IX. The Develop- 
ment of Husan Races under tde Law of Naf#rd Scltctioott.” 
X. “ TJc .Gmh o f f l ~ ~ u ~ ~ ~  Selcction ns ajpiied io Man.” 

. udh dghty$ve illustrafive wooatuts. 

W d a C e  (A. R~)-CONTRlBUTIONS TO THE THEORY 

’ 

. .  
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Waringtone-THE WEEK OF CREATION; OR, THE 
COSMOGONY OF GENESIS COXSIDERED IN ITS 
RELATION TO MODERN SCIENCE. By GEORGE WAR- 
I ~ G T O N ,  Author of “The Historic Charncter of the Pen!ateuch 
Vindicated.” Crown 8vo. 4. 6d 

The greater part of this Work it taben Up &h the tmh;rg  o f t& 
Cosnrogony. Its purpose is also inveshkated; and. a ckaptm is 
dcu0tr.i to ihe cottsidrrafion o f  the passage in 7uhuh the di*& 
occicr. 
w i f r r  who unites the dvantages o f  a cnhcal know&dge of the 
I$ebrczu text and of dictiitguislred scictrti/ic aitainngnts.”- 
Spectator. 

“A very able vindicafion of ihe Mosaic Cosmogony, by a ’ 

WilSOn.-Works by the late GEORGE WILSON, M.D., F.R.S.E., 
Regius Professor of Technology in the University of Edinburgh :- 

With a Vignette beautifully engraved after RELIGIO CHEMICI. 
a design by Sir NOEL PATON. Crown Svo. 8s. 6d. 

L (  George WiZson,” says the PreJace to this volume, “lid12 in hir heart 
for fitany years to w i i f e  a book corresportdirtg to the Religio Medici 
of sir Thotitas Urmne,  with the fitle Keligio Chemici. Several 
of the Essays k this volume were irrtended to form chapttrs of it. 
Thesefrag?tte?itS behg i n  ?nost cases like finishrd gems wat‘ti?tg to be 

setJ SONIC o f  them are now given iit a collrcfcd fwnc to his fends 
and ihe f lb l i c .  In livins retizettzlrarrce of his purpose, the name 
chosen by himserf has been adopted, alflwrifh the ongi#al desigrr 
can be but very faintly rejresentcd..” The Coiitetris of fhe voluttte 
ntl:--“ Cheinisfry and Nalwal Theolo~.”  l 6  The Chetttirtry of 
the* s tan ;  an Ar,nllment toitchittg the Stars mid their Itihabi(ants.” 
(‘ Chetiticni Fittal Causa; as i i h t rn td  by ths preseuce of Phos- 

jhonrs, Nitrogea, nitd Iron in the Ilikhe~ Se?ttunt Organiws.” 
’ “h’obrrt Uoylb.” ( (  Wollastmt.” “L@n?id Discuve~es of Dalton.” 

Thoughts on the Rtsurrectiorr; an  Address to Medical S&d81Lfs.” 
“A more fasnitating volunir, ” tht  Spectator snys, ( (  hm seh’om 
fnZZen into our hands.” The Freeman says: “ThesepaprrZ me all 
inbnble  and de+& httercstitig. The prod14cttbn of a p@U?td 
thinkcr, a suggestive ataa’eloquent writer, atui a man iuhose @Y 
andgenius went hand in hand.” 

c 2  
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WilSOn-ront inuu( .  

THE PROGRESS OF THE TELEGRAPII. Fcap. 8vo. IS. 

‘‘ While a complete view o f  the progress of the greatest of human 
i?rventions is obtained, all B suggesthns are brought out udh a 
rare thoughtjulness, a genial huntour, nnd a n  exceeding beauty .f 
ufferance. ”-Nonconformis t. 

WinSlOW.-FORCE AND NATURE : ATTRACTION AND 
REPULSION. The Radical Principles of Energy graphically 
discussed in their Relations to Physical and Morphological De- 
velopment. By C. F. WIN~LOW, M.D. 8vo. 14. 

The aufhor having f w  lone investigated Nature in nrany directions, 
has ever j e l f  unsahyfed with the ~ h y s i c n l  fmtndafwns upon wh2A 
some b r a n c h  o f  science have been so long cotltpelled to rest. TAe 
puesrion, he belieua, nryrt Rave orcuwed to nanny Rttronomers and 
phyicir/r whether some subtle pinc.i)le antagonistic to attraction 
does not also exist as an all-povading clement irr ?]attire, and so 
operate as in some way lo  dbturh the action o f  what is generalk 
condered by the scient$c world a unique force. The aim of the 
pTscnt  work is to set fwfh this subect in i f s  broadest aspects, and 
in such a manner as io  i m d e  therefo fhe affenfion of the Zearnid. 
Thesu.$ects o f  the elevert c4apfers are:-L “Space. ’’ IL ‘ I  Matter.” 
IIL “ Inerfia, Force, nttd Mind.” IV. “Moleciiles.” V. 
“ Molecular Force.” VI. “ Unwn and Itlseparability o f  M a t f a  
and Force.” VI. a d  VI I .  ‘ l  Nature and Achbn of Fwct- 
Attraction-Repulsion.” IX. ‘’ Cosnrical Repulsion. X .  <‘Me- 
chanical Fmce.” XI.  “ Central Forces and Celeshhl Phy&s.” 
“Desenm tlwughtjul and  conscientious study. ”-Saturday Revicw. 

wU*Z.-A HISTORY OF CHEMICAL THEORY, from the 
Age of Lavoisier d o h  to the present time. By AD. WURTZ. 
Translated by HENRY WATTS, F.R.S. Crown 8vo. Gs. 

‘‘ The discmirse, as a risume‘ qf chcnrual theory and research, iitritcs 
singular luntinousncss andgrasp. A fn;, judiriolis 9wtes are ndded 
by the franslafor.”--Pnll hlall Gazctte. ‘ I  The treafnrent o f  fhe 
suZyecf is admirab&, and thc translator has ruidurtt& do7te his duiy 
nrost eficie?zf&.”- Westminster Revice-. 
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W ORKS I N  PHYSIOLOGY, ANATOMY, AND 
MEDICAL WORKS GENERALLY. 

Allbutt (T. C.)-ON THE USE OF THE OPHTHALMO- 
SCOPE in Diseases of the Nervous System and of the Kidneys ; 
also in certain other General Disorders. By THOMAS CLIFFORD 
ALLBurr, M A . ,  M.D. Cnntab., Physician to the Leeds Generel 
Infirmary, Lecturer on Practicnl Medicine, etc. etc. Svo. 15s. 

The Ojhfhalnrosroje has lemi found of the hkhest value in the inves I 

t&atioti of t l c n / ~ ( s  diseases. Bzit it is ?rot easy fw physiaians who 
have leff the srhooh, and are engaged in practi’cs, l o  take up a new 
imtrutrrmt whuh rrpuwes niuch skill ita us in . ;  it & tharfwc 
hoped that by such fhe present volum, confaining fhc results of f / r r  
autkor’s cxfe&e use of tke i n s t m n M  in direases of fh nmous 
y s t m ,  wi7l be found of h&h value; and that to all studrnts it may 
proue a UseJul land-book. After fmr introduclory chapters on f l i  
hisfov andvalueof the Ophfhalmoscope, and thenratina of invcrri- 
ynh’ng flu states of tke optu nerve ana’ retina, fhe aufkor trcafs of 
the vanbus dheases d h  whuh optu changes arc ass&d, ana! 
desmZes the way in whuh such asochtiotrs fake place. Besia‘es 
the cases refmed fo fhroughout tke volunu, tke Appendk con- 
tains defails of 123 cases illrrsfrativr of the su&ts discussed in the 
text, and a series of tabulated cases to shmu the Ophfhalnioscopic 
appearances of the y e  in Insani&, Man& Dementzk, Melancholia 
a i d  Moriotnania, Idwtcy, and General Paralynj. The volunle is 
illustmted with two valuable roloured plates of tmrbid appearances 
of fhe y e  urader fhe Ophfhalmoscope. “By its aid nrrn ~ 2 1  no 
longer be rot,!ppr’ed to  work for years irr fkr dark; they d l  haw a 
d$nitc sfandpoint whence foproCrrd ota fhdr course ofinveshw.” 
-Medial Times. 

THE EFFECTS OF OVERWORI< AND STRAIN ON ‘THE 
HEART AND GREAT BLOOD-VESSELS. (Reprinted from 
St. George’s Hospital Reports.) 2s. 6d. 



Anderson.-oN THE TREATMENT OF DISEASES OF 
THE SKIN j with an Analysis of Eleven Thousand Consecutive 
Cases. By Dr. MCCALL ANDERSON, Professor of Practice of 
Medicine in Anderson's University, Physician to the Dispensary for 
Skin Diseases, ep., Glasgow. Crown 8vo. cloth. 5s. 
T k e j r s t p a r t  of this wwk, which it is brlieued will be foundof  the 

greatest value to all medual men, as well as to all who are interested 
in its sulject, consists of a carefUl& tabulated and critical anabsis 
of I 1,000 cases of skin disease, 1,000 of these having occurred in 
the autho~ 'sp~~f l teprac tue ,  and the rest irt his hospital practke. 
These cases are a72 classt@d Ynder certain distinct hen&, accwding 
to the nature and cause of ihe disease, whUe a number of the more 
intcmting cases are alluded lo in detail. The second pari of the 
work treats of the Therapeutics of Diseases of the Skin, and wdl  be 

found to contain many valuable hints, the results of a long and cx- 
t m b e  expmmce, as to the nrost succtssful mcrlrod of treating their 
multitudinous forrns. 

Anstie (l?. E.)-NEUR ALGIA, AND DISEASES W H I C H  
RESEMBLE IT. By FRAXCIS E. ANSTIE, M,D., M.R.C.P., 
Senior Assistant Physician to Westminster Hospital. 8vo. 10s. 6d. 
Dr. Ansh is well knawti os om of the greatest lwing autlmnties 016 

Nnwalgia. The present treatise is the result of rtrany years' carc/uZ 
ind@eiuient scirntif;r invesfigation into tfie nature and proper treat- 
mmt of this most pain&l disease. The author has had abundant 
~neans of sfudying the suyect both in his uwn person and in the 
hirnd7rds.of jatierrls that have resorted io h i h  fw ircainmi. I f e  
har gone into the whole suQect indicated in the tit& ab initio, ana 
the publishers belime it will be found that he has fiesented it i n  ma 
etttireb original liglrt, and done nruch to rob this excruciating and 
hitherto rgrwtory disease of many of i ts  terybrs. l Z e  Introduction 
treats br;py of Pain itr General, and contains some strikinr and 
even onginal ideas as to its nature and in reference io  sensation 
pewal ly .  

Barwell.-THE CAUSES AND TREATMENT OF LATERAL 
CURVATURE OF T I E  SPIKE. Enlarged from Lectures 
published in the Lancet. By RICHARD BARWELL, F. R. C. S . , 
Surgeon to and Lecturer on Anatomy at the Channg Cross Hospital. 
Second Edition. Crown 8vo. 4. 6d. 
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Corfield (Professor w. H.)-A DIGEST OF FACTS 
RELATING TO THE TREATMENT AND UTILIZATION 
OF SEWAGE. 13y W. 13. CORFIELD, M.A., B.A., P r o b o r  
of Hygiene and Public Health at Univenity College, London. 
8vo. XOS. 6d. Second Edition, corrected and enlarged. 

The author in the Second Edihbn has rruisod and crnY&d the #&ire 
W O Y ~ ,  and tmiie many in@wfanf additins. The hcadhgt ef fhc 
rlcvetr chapters are N foZlmu:-L “Ear& Sysfenis: Mtiiden- fleaps 
and CesspooZs.” XI.  “FiZth atid Dhease- Cause arid EJect. ” 
ZZL “ln@raved Midden- Ats and Ce$.$ools; Middm- Closeis, &vi- 
Closets, et6.l’ 1K “ The Dry- Closet syslenrs. K ’’ Wafb.-CZasets.” 
Vl. “Smmage.” VIL “Sanilnry Aspects of the Water-Carry*fir 
Sysfent.” VIZL “Value of Snuuge; Itykry io 1X. 
‘‘ Town Sewage; Attetipts at Utilization.” X .  “Filtrahbn a n d  
fingahbrt.” XI. “Xn#uence of Sewage Farniing on fhe Public 
Healfh.” An abridged accoutrt of fhe more reretit& fublished 
rcscnrches on flu subJecf will le found itt the Appeiidices, while 
the Suairiiary contains n concise statement of the Vims which thr 
arifhor hintself has beerr ltd fo adopt: rc/eretim have bem inserted 
throughout to s h m  front zuhat sources fhc nuimrous puotac%ns h a w  
bem derived, and an  Index has bent add&. “Mr. Co$eld’s W k  
is mtifzed to rank as a standard authority, 110 fcss (hap (1 con- 
venient handbook, in all t,rattcrs reiating to snuqe.”--Athen;et1m. 

Elam $)-A PHYSICIAN’S PROBLEMS. BY CIIARLES 

ELAM, M.D., M.R.C.P. Crown 8vo. p. 
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CONTENTS :-“ Natural H.age.” (‘ On Degeneration in Man.” 
(‘ On Moral and Criminal Eptiieniics.” “Body v. Jlind.” ‘ I  n. 
l w s h s  and Hallucinations.” ‘‘ Otz Sornnurnbuli~~~i “Rmerie 

These Essays are intendcd as a contribution to 
the Natural History of those outhing regions of Thought and 
Acth whore domain C the deb&tmble ground of Brain, Nme, 
arid Mind. T h y  are designed also to indicate the origin and mode 
of perpetuation of those varietips of organitation, intell&ence, and 
general tendencies tmards vice or z&&e, which sten1 to C so 
capr i rk ly  develojed among mankind. They also point to causes 
for the infinite& varied fwms of disorder of nerve and brain- 
organic a d  functionaZ-far de@er and riwre recodae than those 
g c m a l l y  believed in. “ Thc book is one which all statesrncn, 
magistrates, clergynien, medical men, and parents should study and 
inward& dtgest.”-Exnminer. 

’ and Absfractwri.” 

FOX.-Works by WILSON FOX, M.D. Lond., F.R.C.P., Holme 
Professor of Clinical Medicine, University College, London, 
Physician Extmordinary to her Majesty the Queen, etc. :- 

DISEASES: OF THE STOMACH: being a new and revised 
Edition of “THE DrncNosts AND TREATMENT OF THE 
VARIETIES OF DYSPEPSIA.” 8v0. 8s. 6d. 

ON T H E  ARTIFICIAL PRODUCTION OF TUBERCLE IN 
THE LOWER ANIMALS. With Coloured Plntes. 4to. 5s. 6d. 
In this Lecturc Dr. Fox ciccribcs in minute defait a large number of 

experiments ma& by him on guinea-pigs and rabbits for tAe fur- 
pose of inquiring into the urzgin of Tu&& by the agency of direct 
irritntion or by srptic matters.. This method of inpuiT Ire be lkes  
to be ow of the niost instortant advances whuh have been recent+ 
made in the patkology of the disease. Tde work ir illustyattd by 
threeplatcs, each containing a number of carefilly colourcd itlus- 
t r h n s  from nature. 

ON THE TREATMENT OF HYPERPYREXIA, as Illustrated 
in Acute Articular Rheumatism by means of the External Applica- 
tion of Cold. 8vo. zr. 6d 
2% uqecf ofthis v,mk i s  to rkuw that tke c h s  of car0 inrludcd under 

the title, and whuh have ht2herto been invariably fatal, may, by 
a judicious use of the cold bath and &howl vmsection, be brought 
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to  a favournbk termination. Miriufe defat3 aye given of the 
w c s s f i l  frcatrtimt by ihis n w i i d  of two patimts b the author, 

follmed by a Cmimnrtary on the cases, in whuh fhe n t d s  of the 
nzaa‘e of trcntment arc dkwstvi and compyed wi/ / /  those .f meihods 
fillmed 6y other n?ii?unt@racricioners. Appmata are table of t h  
obsm&ns made on the tmp@aturr during the trmtnimt; a table 

pived, in or& to exhibit the rate at whuh the tetqkfarure was 
lowered in  each case; a talle of the chef &tails of iwmty-bo  
casts of ihis class rprpn/ly@-blbJm.i, a d  which are rrferrpd to in 
various parts ofthe Commentary. Two Charts are also in t rodud,  
givinga connected view of the progress of ihe two successful casts, 
and a s e r h  of .phygwo~Ya@ri- t y a a k p  of t k p z d m  of the two 
patients. Should be *cad by 
mmyone.”-Medicai Press and Circular. 

s ~ ~ ’ n g  the eyed Pf t A t  iRlRWsion Of fhC $atie?lts in t& bath  m- 

“ A  clinical sfudy of rare value. 

Galton (D.)-AN ADDRESS ON THE GENERAL PRIN- 
CIPLES WHICH SHOULD BE OBSERVED I N  T H E  
CONSTRUCTION OF HOSPITALS. Delivered to the British 
Medical Association at Led5 ]uly 1869. By DOUGLAS GALTOX, 
C.B., F.R. S. Crown 8vo. 3s. 6a’. 
11. this Address the author endeavours to enunciate what ore fhose 

prinnples which secm to him to fmnr itii starfing-pointfrum whuh 
nli architects d o ~ l d  por ta‘  in the construction of hospials. Be- 
&its Mr. Galton’s paper the book contains the opitiions expressed itr 
ihe subqunrt disntssion by several enu’noat niedieal men, such as 
Dr. Kenrrrdj~, Sir Pmer Y; Sikpmn, DY. Hsghes Bcnnet, and 
others. The work is illusirafed by a mmbw ofplans, sccthrrs, and 
other cuts. “An admirable exposirion of those conditions of dm- 
ture wh W Nost cotiduce to cl~nlitze~s, econony, and convettunce. 
-Times. 

Harley (J.)-THE OLD VEGETABLE NEUROTIC$, Hem- 
lock, Opium, Belladonna, and Henbane ; their .Physiological 
Action and Therapeutical Use, alone and in combination. Being 
the Gulstoiiian Lectures of 1868 extended, and includinfa Complete 
Examimtion of the Active Constitcrents of Opium. By JOHN 
HARLEY, M.D. Lond., F.R.C.P., F.L.S., etc. 8vo. 1 s .  

The aut lds  o&t throughout. the investigatiorts and expwimnrts on 
iuirich firis volume is fmndrd has Bern i o  asccrtnin, clear& and 



m e & ,  fk  &n of 1Ra drugs emjlopi en the AeaDhy body in 
medicinal &m, from the tmallut to the largest; to dnfurr simple 
pncfical ronclwionsfronr the facis o b s m e d ;  and then to appo the 
drug to the relid of the partkular condihims to whicA . its achbtt 
a$pmredsuited. Many experitnmis have been made by tha arrihor 
both on men and the lmer animals; and the author’s endeavour 
has bun io present to the mind, rn f a r  as words may do, iiirpres- 
&tu of tke actual condilwn of the itldiviidual su&rtul to thr 
drug. “ Those who are intcrested generally in tkc progrrss of 
mea‘ual sriEnre Wirc find much to repay a carcful $erusal.”- 
Athenaeum. 

Hood (Wharton).-ON ’BONE-SETTING (so calIed), and 
its Relation to the Treatment of Joints Crippled by Injury, Rheu- 
matism, Inflammation, etc. etc. By WIIARTON P. Hoon, 
M.D., M.R.C.S. Crown8vo. 4. 6d. 
2% authw f.r a prtiod attended the London practice of the late Mr. 

Hutfon, the fattwus and successful bunt-setter, whom he was 
inirioted into fire niysfety of tht  art andpraciice. Thus the author 
is amply qualified i o  write OR the subyct trona fhcQrar#kalQmnf of 
vim, while his prof2snbnuZ edwcafhn mabks h h  to c o d w  it in 
its scientzQfc and surgiral beatings. In the present WWR hegives a 
brae- account of the snluntjPatures of a bone-setter’s method of pro- 
cedure in the treatment of danaagul jmnts, of the results of thattreat- 
nicnt, a i d  of the class of cases in which ke has seen itprove successq%l. 
YXe author‘s aim i s  to give ihe rationale ofthe bone-sdtcr‘sprach’cc, 
io  reduct it to sonrething lik a s&nt@c nuthod, i o  show when force 
should be resorted to and when if should not, and to inih*afe 
sur~eous into the secret of Mr. Huiton’s successf~l nranipulation. 
Throughout the work a p e a t  nurnba of auihenh‘c instatues of 
succes@l treatritenf are given, w2h the detnils of thr method of 
cure; ana‘ the Chajtas o i ~  fifariipulaiions and Afecrions of Ute 
Sj%ne are illustrated by a nunrbcr of appropriate and welZ-Cxrruted 
cuts. ” Dr. Hoo#s boo1 is fuU of insfmcfwn, and sirould be reml 
by all sirrgeons.”-Medical Times. 

Humphry.-works by G. M. I I u m m Y ,  M.D., F.R.S., Professor 
of Anatomy in the University of Cambridge, and Honorary Fellow 
of Downing College :- 

THE HUMAN SKELETON (including the Joints). With 260 

Illustrations, drawn from nature. Medium 8vo. 28s. 
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- P W  (G. M.)-continued 
In Zrcfuring otz the SheZcton ic has dcm the aufhdsfr&‘ce,  instead 

o f  giving a detailed account of ihe several parts, to reguest his 
s t u d n r t s  io get up the dcscliptiw anatomy of cmtain bones, with the 
aid of some work on ostmZog% Hc a@rww& CCrM t i+> acytiire- 
ni&s 6y examinatwn, Cndca7JOUnnE tb nrpprV dt- arrd 
c m c t  errors, adding also such in fwtnn fion -phy&Z1 ph~~,i , [~&- 
cal, pnthoZogicaZ, andpractical-as Ae /rad ~ U ~ ~ C Y C ~ ~ ~ O R Z  /rtj mn 
obseruation a i d  researches, and which was like& io be uscfil n?ld 
excite a n  infenst in ilrc subipcc. This additional inforr)radon 
fwm, i n  p e a t  part, the nzaten’al o j  fhrrj volunu, wAuh is intended 
to  be nrppietnentary to e&tifag works o n  anatot~v. Considernbit 
space has Been clrvoted to the desrn3tion o f  tlu joints, because it is 
less ful& given in othw works, and because a n  acntrare kimlcdge 
of the structure a s d  peculiar f.rm Df the joints i~ essmlj?] to a 
correct knowledge of their nuuenunts. The nuinerous illustrations 
wwc all drawn igon stone from rrature ; and in m o b  itzstances, 
porn  specimens pqarea‘ fw the purpose 6y the a u f k w  Airnsc& 
‘:Bcahtg a t  once the stanQ of the acconyV~~hcd scholar, aad 
N i d m c c s  of the sk@d anatomist. W e  mpress our adnairatiot8 o j  
the dramngss.”--Medical Times and Gazette. 

OBSERVATIONS IN MVOLOGY. 8vo. 6s. 
pro/essor Hur#~y’s prmious works bvegained for him vety h&h 

position as arr oil’gitral anatomis(, and the present it is belimed 
will fi4lZy si~sfain:flrai reputation, os #well as p r m e  vnluabZe to aZ 
vuho fade art iijtercsf itr t h  Azghcrp?obZem$ of anafony. The work 
includes the Myology of Ctyyjtobranclr, Lepidosirm, Dog-Fish, 
Ccratodus, and Pseudopiis Pallasii, with the N m e s  of Ctyptotranclr 
and Ltphfosirrn atid tke  Dbposinbn of Muscle in Vwte6mfc 
Aninials. The volume abounds itr carrfirlly executed iliiutmfiotzs. 

Huxley’s P h y ~ i o l o g y . - ~ e c  p .  27, preceding. 

Journal of Anatomy and Physiology. 
Conducted by Prdfcssors IIonrrrrRY and NEWTON, and Mr. CLARK 
of Cambridge, Professor TURXER of Edinburgh, and Dr. 
WRIGHT of Dublin. Published twice II year. Old Series, Parts 
I. and II., price 7s. 6J. each. Vol. I. containing Pnrts I. and II., 
Royal svo., 16s. New Series, Parts I. to IX. 6s. eachl or yearly 
Vols. 12s. 6d. each. 
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LankeSter.-CO;\lPARATI~r~ LONGEVITS I N  MAN AND 
THE LOWER ANIMALS. By E. RAY LANKESTER, B.A. 
Crown 8vo. 4s. 6d. 
This Essay goined thc prize ofcred by the University of Oxfmd for  

the best Paper on the su&ect of which it treats. This inferesfing 
su+t is here treated in a thoro& ~natirrer, both scientafially and 
sfatisficn Uy. 

. -..- 

MaCfaren . -TRAINING,  I N  THEORY AND PRACTICE. 
By ARCHrBnLD MACLAREN, the Gymnasium, Oxford. 8vo. 
Handsomely bound in cloth; 7s. Gd. 

The ordinaty azents of heaW are Exereise, Diet, Sle& Air, Bath- 
ing, and Cloihinc. Zn this work the author exnmines each oJ 
t h e  agenfs in dctaiZ) andfloni two diJCerenipoints of view. Firsf, 
as to the nuznner in which it is, o r  should be, adminidcrrd und.1- 
ordinary circuarstancrs : and sccondly, in what manner and io 
7uhat extent this niodt of addnistraiiott is, 01‘ should be, altered for 
purposrs of training; the ob&t oy “trainiq,” accord in^ to the 
author, being “ to pu t  the body, with extreme andexcPptiortal care, 
under the injiJence of all tIu agcirts which promote its health and 
strength, in order to enable it fo  meet extreme and exreprional dr- 
nrands ‘upon its cwrgies.” A jpedcd  are vnrzous diagvnnis and 
iables relating io boat-racing, and fables ronneritd wiik diet and 
training. “ The phb’osophy of huriran hmalth has seldom received 
so apt an exposition.”-Globe. ‘ a  After all the nonsense that has 
been written about trainins, ii is a comfi t  to git hold of a 
llwrough(y sensible book at Zast.”-John BuII. 

Macpher son . - -works  by JOHN bfACPIIERSON, M.D. :- 

THE BATHS AND WELLS. OF EUROPE ; Their Action and . 
With Hints on Change of Air and Diet Cures. Uses. 

Mnp. Extra fcsp. Svo. 6s. 6d. 

This work i s  infended to srQpZy itformation whuh ~ 7 1  ajord aid in 
fhe scZecfion of sitch @as as are suittd for partuular casts. Zt 
ahibils a sketch of the Present condition of our hnowZedge on thc 
su$ect of the operation of niinerd waters) gathcred f rom the 
nutiwr’s pEvsonnl observation, and from mcry other available 
ZOUYCC of i@ornaah>n. It is a i d e d  info four books, and cad 

With n 
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Ma cph e rso n ( J  .)-continued. 
bmk into several c/u?pkrs :-BOO& L Eiettmris of Treainwtt, itr 
Whkh, among other mafters, the txtertral and internul uses of wafer 
are treated of: II. Bathing, treafingof the various kinds of balhs. 
112. Wdls, treafing of fhe varrbus k i d s  of mineral waters. 
IV. Ditt Curer, in WhW vanbus vegefable, milk, and other 
‘ 6  cures ’) are discussed. Ap$mded is air Itidu of Dkme t w ~ d ,  
andone of$Zaces named. PrqfxediS a shetch nurp of f&p,-irnipf 
baths and plnces of Iialth-resort in Europe. “ Dr. Mnrp/urson 
has given the k i d  of irr/ovmatio?i &ch every nredicaZprach&n~j- 
ought to possess.”-The Lancet. I ‘  Whoever wants to k w  the 
rral charactey of any heaith-ymwt m m t  read Dr. Macphwson’a 
booR.”-Medical Times. 

OUR BATHS AND WELLS : The Mineral Waters of the British 
Extra fcap. 8vo. 

Hr brgi*r & 
IT feu i t ~ t d u c t w y  observatiom ox  bath & iis circuttutances, I ~ S C J ,  

and pleasures; he then explains in defoil the conrposition of the 
varrbus ~ i i n c r d  wafers, and poitrfs out the spcnirl curaiive pro. 
perties nf each class. A chajter 011 “The Histmy of Brilish 
WtIls” fronr the earliest pcriod fo the present time fwnrr the 
tinturn2 frwrrsi(iort to fhe sccondjnrt of fhh vofitttae, which frmts cy 
the dyeretit kina3 of nrirzerd waters it8 Eqfand, whether pure, 
thermal and earthy, saline, cholybcate, OY stt&hur. Wdes, Scot- 
land, and ZrcZand suppb the rriatm;l/s for dtitinct sechbns. Air 
hdex n/wi?ieml ~ U U ~ P S ,  one of sm-bathin,rr $aces, nnd a third of 
udls ofpItre or trenrIy piwe water, terttiitiate the book. “This little 
volnnre f o r m  a very available haridbook for a large rlnss of 
ittvalid~. ”--Nonconformist. 

Maudsley;-wollts by HENRY ~IAUDSLI:Y, bI.D., Professor of 

Islands, \\,it11 a List of Sea-bathing Places. 
pp. xv. 205. 3s. 6 L  
Dr. &iarp/‘ersati has div&z‘ Ais work into Jve )arts. 

Medical Jurispnidence in University College, London :- 

BODY AND MISD: An Inquiiy into their Connection and 
Mutual Influence, specially in reference to Mental Disorders ; being 
the Gulstonian Lectures for 1870. Delivered before the Royal 
College of Physicians. Crown 8vo. 5s. 

The volu?rre rorisists of fhree Lcctiims and true lonr Ap$ntdicfs, the 
get le~alp lm of the luhfc b&ig 10 brhg Mati, both in h t j jhy icn l  
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Maudsley (H .)-continued. 
andntenfal relatibns, as much as p o s d l e  under the scoje ofscimfajfc 
inquiry. Thejirsf Lpcfure is drvoted to a n  expositwit of thephy&al 
conditW?~s of nunfal  function i n  healfh. I’rt the second Lecfure arc 
sketched thefeafures ofsoviefornis of degenerary of mind, as exhibited 
in niorbirl varirries of fhe hutjzatr kind, wifh fhe purposeof bringing 
proininenfly in fo  notue the operafion of physical causes front 
genwatibn to generation, and the relationship of nienfal f o  other 
diseases of the rimous sysfent. In fhe  third Lecfirre are dfiplayed 
fhe velafions of rnmbid sfafes of.the body and disordered menial 
function. Appendix I. is a crifidsm of the Archlisloj of York’s 
address OIZ ‘‘ The Linrifs ofFhiZosophical Inquiry.” Appendix II. 
deals wifh fhe “ T h e w y  of VifaZ2y,” in which the author en- 
deavours to sef fwth the reflections which f a d s  seetn to warwnf. 
“It disfincfZy ?narks a sftp iiz the pro&ress of scienti~ccpsycholog,~.” 
-The Practitioner. 

THE PHYSIOLOGY.  AND PATHOLOGY OF MIND. 
Second Edition, Revised. Svo. 16s. 

This work is the result of a n  maeavozrr on the aufhw’spart  to arrivc 
at  somc d+nife cortv~hbrr 7 d h  regard fo the physa2al condirions of 
nunfa2 function, and  the relntion of fhe phsnonima of sound and 
unsorrnd mind. Tic author’s aim throughouf has been iwofold : 
I. Po treat of nientaL~hmomena f iont  a physb1ocCaZ yathev ihan 
front a meinphysikal point of vinu. II. To bring fhe mani/ald 
insfrucfive instancrs presented by the irnsourrd mind to bear upon 
the inferprefafwn of the obscuve problems of mental science. In fhc 
firsf part, ihe author pursues his independent inquiry info the 
science of Mind in fhe saint directibn as that followed by Bain ,  
Spencer, Laycoch, atid Curpenfw ; and irr the seeond, he studies 
the suyect in a la@ which, in fhis courifry n f  least, is alviosf 
entire& novel. “Dr. Maudsleey’s work, whic/r has already bK0W 
sfandard, we most urgently reconitnend to the rareBl sfudy of 
all fhose who w e  inferesfed in fhe physblogy and pathology of the 
lrnin. ”-Anthropological Review. 

Practitioner (The).--A Monthly Journal of Therapeutics. 
Edited by FRANCIS E. ANSTIE, M.D. 8vo. Price Is. 6d 
Vols. I to IX., 8vo. cloth. 10s. 6d each. 
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Radcliffe.-DYNAMlcS 01’ NERVE AND MUSCLE. By 
CHARLES BLAKD RADCLWFE, KD., F.R.C.P., Physician to the 
Westminster Hospital, and to the National I-Iospital for the 
Paralysed and Epileptic. Crown 8vo. 8s. 6a‘. 
This work contains the result ofthr author’s long investigations h l o  the 

Dymimkof NnveandMusrlr, as connected wit~AninialElcr/rieiry. 
The author endeavozortrs i o  slww from these researches that the state 
of action in w v e  and nruscle, instead of beif% a itrana~estatabbn of 
vt?a&y, tnwt hotqht ztttdpr tJC aOtjlain Ofpkpcd law in mdm 
to be intdl@bk, artd that a di@rent nimitifiz, also based upon pure 
physics, tilust be attached to  the state of rest. “ The pacriliorra 
will frndifz Dr. h’adclare a ‘&de, ph20s0jhn; and/C.rind,’fronr 
whose tmhing he cannot f a i l  to nap apknrifuZ hfrvat o f n n ~  and 
valunble ideas.”-Scotsman, 

Reynolds (J. R.)-A SYSTEM OF MEDICINE. Vol. I. 
Edited by J. RUSSELL HEYNOLDS, M.D., F.R.C.P. London. 
Second Edition. 8vo. 25s. 

“ If iS the best CycZopedia oJ rtaediriue of the titne.”-Medid Press. 
Part I. General Disrarcs, OT Afutwm of ihe Whole Systeiti. 

8 L-Tlwse attcminrd hy emtf @e~atingfrom with&, such as 
the exantheitrakr, malarial diseasrs, and their allies. I IL-Those 
drtentzitied by CO?id2?btU rrirtitzg wWin the bo&, such as Gout, 
Rheurtzatum, Rukets, etc. Part X.. &nl Direaso, OY Af2ctions 
ofpnrtirrrlar Systems. $ I.-Diseases of the Stin. 

A SYSTEM OF MEDICINE. Vol. 11. Second Edition. avo. 
25s. 

Part 11. Local Diseases (cotatinued). I I.-Disenses of the Ner~ptrs  
Systetti. A. Grneral Nervorts Dismss. B. Partial Dismses o/ 
the Nervorts Syslcttt. 1. Diseases of fhe Head z. Diseases of I& 
Spiiial Cohiimi. 3.  Dhcases .f the Novrs. $ I.-Direas& Df 
the DigeJtive Sjuteni. A. Disenses of the Stomach. 

A SYSTEM OF MEDICINE. Vol. 111. 8vo. 25s. 

Part II. Local Dheases (continued). 9 II. B&eascr of the Digestive 
System (cotitinu~d). 4. Diseases of the Mmtth. C. Dismres of 

, //e paace, Phrynx, ana‘ GFkphngru, D. D&z.m 4 the In- 
testinrr. E. Dkeuses of the Pdonrutn. DisMses of tke 
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Liver. G. Diseases of the Pancreas. $ Ill.-Disenses o f  the 
Respiratwy Systmr. A. Bkeases of the Larynx. B. Diseases of 
the Thorack Organs. “ One of tke best and most conzprehensiw 
trentises on Meduine which kave yet been attenzptedin any country.” 
-Indian Medical Journal. “Contains some of the best esscpr 
that kave lately appeared, irnd tj a complete library in irJrrf: ”- 
Medical Press. 

Reynolds (O.)-SEWER GAS, AND HOW TO KEEP IT 
OUT O F  HOUSES. A Handbook on House Drninage. By 
OSBORNE REYNOLDS, M . b ,  Professor of Engincering at Owens 
College, Manchester, Fellow of Queen’s College, Cambridge. 
Second Edition. Crown 8vo. cloth. IS. 6d. 

The authov‘s chief ovtct in writingon this sulject is to suggest aplan 
for  peventing the mil which has been causing so ntuch alarm sz‘ncc 
tke recent illness of the Prince of Wales--&. the back-poW of gos 
into our kouses. Oj the plnta Ire here suggests, he has now had 
/our years’ rxpcrienre, andhas, wifkouf exceptwn, f w n d  it to a w e y  
perfect&. He applied it to his own house, a house of the ordinary 
type drained into a foul sewer, nt a cost of about Jf? shillings. 
B&re the introducfion of the itnuplan it was never freefrom smells; 
while sinre, there has been no annoyonre of the kind, nor have the 
drains required any attention whatever. The plan i s  very simple 
and can be applied to any house wifhout repiring the imXe  drains 
to be disturbed. Beddes fiulb expIaininp tke j lan  and showing its 
applcotion by mrans of illustrations, the author throws ovt sug 
gestions with regard to drainage generally which many will j n d  
to be very valuable. “Proftssor Ry~~oIds ’  adniirnbIe$anphIet wiZI 
a thousand times mer repay its cost and the reader’s most aftentivr 
perusal.”-Mechanics’ Magazine. 

Seaton.--A HANDBOOK OF VACCINATION. BY EDWARD 
C. SEATON, M.D., Medical Inspecto; to the Privy Council. Extn 
fcap. 8vo. 8s. 6d. 

The aufhor’s .!+it in pitting forth (his work is twoloold: Fivst, to 
provide R text-Gooh on the science and praciue of Varcinafion ~ J Y  

the use ofyounger practitioners and of tncdual students; secondly, 
to give what assistance he could to those engaged in the adtnintjtra- 
twtt of the system lf Pu61ic Vnrcinatwn established in England. 
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WORKS ON MENTAL AND MORAL 
PHILOSOPHY, AND ALLIED SUBJECTS. 

Aristotle. -AN INTRODUCTION TO AKISTOTLE’S 
RHETORIC. With Analysis, Notes, and Appendices. By E, 
&I. COPE, Trinity College, Cambridge. $vo. ~ 4 s .  

Thiswork is introduciory to a n  ed&n of the Grtek T u t  of Aristoile’s 
Rhetoric, which is in course of pr@araiion. Its iyect  b to rerider 
that h a t e  through& intell9ible. The author has aiuied to 
illustrate, as prrparatwy to the detailcd explanarion oythe work, the 
general bearings and relations of the Art of A’hrtoru in the& as 
well M fhe  spmd mode of ireatirrg it aa@itd @ ArGfotZe in his 
pecttlinr 4 stem. The & i m e  u$m obscure or doubl/uZ questions 
connrrted wi?h the sidyeci iZ examined; and ihe relatiom w h r k  
k h e t d  bears, in AristotZe’s vim, to the Kidred  art  of Logic are 
Iuliy constiitred. A connected Analysis of the work b givcit, and 
n fku imporant  matters are sejarate@ disrwsed in Appmdicts. 
TJure is addaf, as a general Appendir, by 7uay of 4$ecinien of the 
antngonislt;- system of Zsocraies and  ofhers, n cnntplefe analyst> 
the treafise called ‘ P v r o p i x ?  upds ‘ A h f [ a v t p b v ,  with a discussiotr o j  
its auihorship and of the probable results of 12s ttaching. 

.ARISTOTL,E ON FALLACIES ; ‘OR, THE SOPHISTIC1 
With a Translation and Notes by 6nWARD POSTB, ELENCHI. 

>LA., Fellow of Oriel Collcge, Oxford. 8vo. 8s. 6d. 

Brsides the doctrirtc of Fnllncies, Arisfotlc nJU:c, tither i n  this t r t a h c  
or in otha pussages quofed in the Coiit.it/r!itnyv, anriotis gtaiices 
mim the ~uorcd oJ scirnrc and rpiition, zarians ni,ygrstiioss 01’ pro- 
blenitrs whuh are sfill nAilnld, and a vivid pirtuw of the aItcic)tt 
systcm of a*inh.fics, U%.i.-h L? is hoped way  beyound both intcrcslitrg 
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and insfructiue. 
Arhfotle.”- Guardian. 
Saturday Review. 

“It will 66 a?j assjsiance to geiiuine siicdents of 
“rt is itidad a work o f  g r d  skill.”- 

Bode. -AN INVESTIGATION OF ,THE LAWS OF 
THOUGHT, ON WHICH ARE FOUNDED THE 
MATHEMATICAL THEORIES OF LOGIC AND PRO- 
BABILITIES. By GEORGE BOOLE, LLD. Professor of 
Mathematics in the Queen’s University, Ireland, &c SVO. . 145. 

, The &&a of this tm&. is to invest&ate the funahnirntrJ laws d 
those ojwalions of the mind by which rnrrorriiig is ptrjornttd; to 
gii. rxpresnbn to them in the syvabolical language. df a Cdculus, 
azd upoit this foundation to establbh the srimce of L& and rot& - 
s tnut  ifs mihod ; CO make that method itsew the basis of a gmrrnl  
 neth had Jor thc applicafion of the mat/mrmticcd &tr;nc of P d a -  
Maits ; mid, filld{~, to colZeci froin the various eZmrertts o/ t r d  
broicght to view irc the course of thrse ingirir.ies somprobable ift[i- 
mafiotu conrm.ing the nafu,u and constwctwn qf ihe human 
m h f .  ow is 
better able fhan Profrrsor Boole to treat of this si& 

T& problevi is one of thc hi=/tcst i ~ e r e s f ,  n i d  
it at  any 

Butler (w. A#), Late Professor of Morn] Philosophy in the 
University of Dublin :- 
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Butler (W. A.)-continued 

Psychologirts, has enabled him to illush.ale the subtle spcrulafions 
of which he treats in a manner calcukztui to render them nrmt 
infel!&$.e to the E ngrrjh mind than t& can be by  4 ~ s  trained 
solely in the technUa!irtus of modwn Gwman schooLr. The edilar 
has veriped all the rqerences, a d  added valuable Notes, in which 
he poinfs out sources of more complete in,fwniation. The Lecturcs 
co t~ f i f u f c  a Histmy of the Platonu Philosophy-its sed-timt, 
maturity, and decay. 

SERMONS AND LETTERS ON ROMANISM.-See THEO- 
LOGICAL CATALOGUE. 

C a 1 d e r w o o d . - w o r k s  by the Rev. HENRY CALDERWOOD, M.A., 
LL.D., Professor of Moral Philosophy in the University of Edin- 
burgh ;- 

PHILOSOPHY OF THE INFINITE:  A Treatise on Man’s 
Knowledge of the Infinite Being, in answer to Sir W. Hamilton 
and Dr. Mansel. Cheaper Edition. 8vo. 7s. 6d. 
The purpose of this valuine is, by a care@ ana&& of cons&snas, 

toprove, irr opporr;/iiorr fo  Sir W; flat&Zton a d  BY. Mansd, tkat 
viait possesses a nolion of an Xnjnite Bang, and to asctrtain flu 
peculiar nature of the ronccpfwn and the partinrlar relations itr 
which it is found to arise. Theprmince of Fa2h as relafedlo thaf 
of Knowledge, and the chat~actrrislics of Knuwledge and Thought 
as bearing on this su6icc(, are exanrined; andsejarak chptws arc 
dwoted to the conn‘drration of our hnuwledge of the Znj& 01 
Fwst Cause, as Mural Governor, and as ilre Object of Worship. 
“A book of great abiZirv . . . . wrilten in a rlcar s&Ze, and may 
be eady uderstnod by  even those who are not versed in surh 
Ilircussions,”-British Quarterly Review. 

A HANDBOOK OF MORAL PHILOSOPHY. Crown 8vo. 6s. 
It u, we feet  convinced, the best handbook on the subject, itzteIlectual[y 

and mural&, and does injftite credit to its author.-Standard. 

Elam.-A PHYSICIAN’S PROBLEMS. -See MEDICAL 
CATALOGUE, preceding. 

into its Laws and Consequences. See PHYSICAL SCIENCE 
CA~ALOGUE, preceding. 

Galton (Francis ) . -HEREDITARY GENIUS : An Inquiry 
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Green (J. H.)-SPIRITUAL PHILOSOPHY: Founded on 
the Teaching of the late SAMUEL TAYLOR COLERIDGE. By the 
late JOSEPH HENRY GREEN, F.R.S., D.C.L. Edited, with a 
Memoir of the Author’s Life, by JOHN SIMON, F.R.S., Medical 
Officer of Her Majesty’s Privy Council, and Surgeon to St. 
Thomas’s Hospital. Two Nols. 8vo. 25s. 

TAe late MY. Green, the mrinent surgeon, Z(US joy manyyears the 
intiniate frirnd and disaiple of Cobridge, and an arderrf student of 
philosojhy. The language of Colerid&s d l  intflscd on MY. 
Green the oblzgatwn of dmofing, so f a r  nccessav, the remaindw 
of his lve to the one task of systematking, dmlobing, and establish- 
ing the doct~i7us o f  the Coldginrr philosophy. 
a m  d Coleri?ge‘s manuscri$ts, but es$cnal&frorn the knmkdge 
he possessed of ColeriZge’s doctrines, ana‘ i n d e f i o b ’  study g a t  least 
the basal principfes and nietaphysks of the scirtue.~ and of all the 
phenomena of human lqe,  he proctded logical4 to work out a 
ystetn ofuniversal$hilosophy such as he deenud woufd in the nisin 
accord wilh his tnastrr’s aspirarions. After many years of W- 

paraiov labour he resolwed i o  ronlplete in a conrprndious /om a 
work which should give in system the dottrines rtwsi distinct& 
Colrridghn. The restilt is these ~ I J O  volumu. The j r s f  volume 
is devofed to the goieralprinciplrs ofphilasojhy; the second a i m  at 
viruficatinc: 
contended) the essential doctrines of Chr&$oni&. The work is 
divided into four parts: I; ‘< On fhe Xntcllectual FanrlriCs and 
processes whkh are concerned in the Itrvrsrigatwn ./ Truth.” 
I/. “ Of First Prinra$les in Philosophy.y.” 1x1. ‘‘ Truths of 
Religion.” XV. “ The ldea of Chrbtkn2y in relation to Con- 
troversahl PhiZosophy.” 

With the 

priori (on princ+les for which the Jrst volunie 

Huxley (Pro fes so r . ) -LAy  SERMONS, ADDRESSES, 
AND REVIEWS. See PHYSICAL SCIENCE CATALOGUE, 
preceding. 

Jevons.-works by w. STANLEY JBVONS, M.A., Professor of 

T H E  SUBSTITUTION OF SIMILARS, the True PrinciPle of 
Derived from a Mbdification ;of Aristotk’s Dictum 

Logic in Owens College, Manchester :- 

Reasoning. 
Fcap. 8vo. 2s. 611. 
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J e v on S-continucd. 
‘’ All acts 

_I_ 

rcasonirrg,” tlu authw says, ‘ ‘see~ti l o  me to be d$ 
fiv-cnt cases of one u t i iy im proccss, which may perhaps be h s f  
Clcsrribrd as the substitution of similars. ThG phrase cLar+ 
apresses that familiar mode in which we continually argue by 
attology from like to like, and take one thing as a veprescnfative 
of another. Thc chief dijicully consists in showing thoi all the 
forms of the old logic, as wcll as ihe fundanuntal wits of mathc- 
mitical rensoning, may be exjlained upon the same principle; and 
it is io i,’ris da@culf fask,I have deuotepd the most attention. Should 
my  notkn be frue, a vast mass of technicaliius may be mqbt *om 
our logical text-books and yrf thc small vrmaining part of logiCnl 
doctrine will prove f a r  nwrc useful titan all the lcarning of thc 
Schoolnun.” P~c jxcd  is a plan of a nnu reasoning machine, the 
Logical Abacus, thr consfrurtwn and workingof whLh is fur& 
rxplaincd in ihr fcxi and Appendix. “ Mr. 3kvons’ book is very 
rltar and infe(ligible, and p i t e  worth rotrsu(h‘ng,.”-Guardian. 

Maccoll.-TIiE G R E E K  S C E P T I C S ,  from Pyrrho to Sextus. 
An Essay which obtained the Hare Prize in the year.1868. By 
NORMAN MACCOLL, B. A.,  Scholar of Downing College, Cam- 
bridge. Crown 8v0, p. 6d. 

This Essay consisis o f j v c  parfs: I. “Zntroductwn.” IL “ o r r h o  
nnd Tinion.” IZZ. “The NPW Academy.” IV. “The &fer 
Sctptics.” V. “ The Pyrrhoneans and Nnu Acatirnty CON- 

irasted.”-“Mr. Maccoll has produced a monograph which mails  
ihe grnt2ude oJ all studcnfs of philorophy. 1.k syte is clcar arid 
m~orous; he has nmsfered thc nutlroritics, and rrituises them in a 
ntodsst but iiadpttrirnt sph.if.”--l’all Mall Gazette. 

M‘Cosh.--Works by JAMES M‘COSH, IL.D., President o f  Princetoil 
College, S e w  Jersey, U.S. 

6 ’  / / r  cr/ainly shnrtls hintsty sk i lh l  in ihzt rrpplicnfion of lo@ to 
psychology, in that inu‘urti7~e sricnre of fhc h-tman m i d  which is 
thc j i n r  side of Eiqtislr jhilosophy. His philosophy as a whole i s  
worthy of afleir/ioit.”-Revue de Deux Mondes. 

T[lE hllrTTfOD OF TI-IR DIVINE GOVERNMENT, Physicol 
311d Moral. ’I’entli Edition. Svo. 10s. 6d. 
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This work is divicird into four books. The first prescnts a gmeral 
v i m  of the Divine Government as /Ftfed to throw Zkht on th e 
character of God; the second deals with the meihoa’ of ihz Diw*nr 
Gwernmmi in the physical world; the third treair ofthc princ.$lis 
of thr human m i d  fhrough which Godgoverns mankind; arid ihc 
fmrrih on Pastoral an3 ReveaZed Rel&ion, and the Restorathr 
of Man. An Appendix, consisting of smen articles, invui&atrs 
the fundammial pn‘ncipes wkuh utmderlu the spedations of ihr 
trearisC. I ‘  This work is distirrpished front other simi%lr ones I v  
its being based upon a thorough study o f  physical s&ncr, a d  a11 
flccurafc Rnmh’ge o f  its pesenf rondi in ,  and by 2 s  cnteriq in a 
de@ and mnreunfettwcd manner than itspredecessors upon thrdi:. 
cussiota of the ap~oopriatcpsychofogical, efhical, and theologkal pes -  
tions. Thrauthor bet@ aloof at once f rom the B priori i d r a l h  and 
drcamincss of German speculntion since Scheiling) and f r m  the 
o n c d d m s s  and narrmuncss of the mrpiniism and f i d ~ ? t l  

Whkh haw so Prrvoilrdin E?igZand.”-Dr. Ulrici, in “Zeitschrift 
fir Philosophie.” 

THE INTUITIONS OF THE MIND. A New Edition. 8vo. 
cloth, 10s. 6d. . 
The object of t he  treat& is  to determine the h-ue nahtre of /nhrt%ta, 

and io itrvrrtigate i ts  la7us. It starts wt2h a g e w a l  W’W .f 
intuitave convutions, iha? chractw and the nrcthod in whkh thy  
ore nlrp(oyr, and passrs on to a ?tiore detaiki cxaminahbn of 
thmi, ireatins them under ihc various &ads of 6‘).5?irritivC Copti- 
tions,” I‘ ~ i n l i t i v e ~ e i k J i ) ”  Pt-it,r~ivcJlcdbr?nenis,” and “ Afwal 
Convuiions.” Their relations to tju various sciencu, airla2 nntl 

$hyskal, are ihen examined. Co&t~yal cri(icisuJs arc throw?& 
into pre2inrinnry ana’ supplementary c/tapters atu! sectwns. ‘’ The 
wrdertakitrg to adjust the clainu of the sensational and intuitional 
phCosophies, and of fhe B posteriori and B priori methods, 
accmplbhd in thir work wiih a peat anrount o f  SUCC~~~.) ’ -  

Westminstcr Review. “1 vaZw it for i ts  large acqicnintancr 
wi/lr English P/ilosqhy, which has not led him to ?&Kt t h  
p a z t  German worh. I admire the modwatwn nnd cltarnrw 0 s  

wclZ as coniprrhcnsivenm, of the author‘s vkws.”-Dr. Dbmer, of 
nerlin. 

AN ESAMISATION OF MR. J. S. MILL’S PHILOSOPHY: 
Being B Defence of Fundan~ental Truth. Crowii 8vo. 7s. 6d. 
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This volume is not put fw th  by its author.as a spckl  reply to Mr. 
h!!II’s ‘ I  Examination of Sir William Hamillon’s PhiZosophy.” 
In thnt work MY. Mil( has furnished the meam of thoroughly 
estimating his thewy of mind, of which he had only givtn hints 
and glimjses in his logical treatise. It k this thewy which Dr.  
M’Cosh professes to examine in this volume; his aim k simply to 
dflecd a portion of primary truth which has been assailed by an 
acute thinker who has extensive injutme in England. “In 
such jointi as Mr. Milps notwns ofiniuahons and necesdy, Ire 
will havt the voice of mankind wa2h him.”- AthenEum. ‘LSuch 
a work ,p=atly n d t d  f o  be done, and the author was the man to 
do it. Thir volume is inrpwtant, not merely in rr/crcnce fo the 
vinUs of MY, MiIl, bnt of t h  whole school of wrircrs, past and 
present, Brit& atad Contitcental, &e so ab& repruents.”-Princeton 
Review. 

T H E  LAWS OF DISCURSIVE THOUGHT: Being a Text- 
book of Formal Logic. Crown 8vo. 5s. 
The main Jcratare o/ this Logual Treatire is In be fmna‘ in the mme 

thorough investigation of the nature of the notion, in rtfard tr 
which the vinus of the school of Lorkc and Whmte@ arc regardcd 
b y  the author as very defertibe, and the virws of the sch002 of Kotrt 
ana‘ HaniiIton altogethn erroneous. The author belkes that 
errors spring f a r  niore frequently from obscure, inadequate, indis- 
tinct, and confused Notibns, and fionc not placing the NoCions iw 
theik proper relation in  judgnient, than from Ratibcinarion. In 
this treatise, therefore, the Notion (with the term, ana‘ the Relation 
of Thought to Language) vi/( be found to occupy a larger relafive 
& r e  than in any logiral work wn2ten since th  time of the famous 
Art o f  Thinking. ‘ I  The aniount of sunimarrkcd infomation 
which it contains is vwy great; and it is the only work on the very 
iniportant su&ect with which at deals. Nmm was such a work 
so much tueded as in the present day.”-London Quarterly 
Review. 

CHRISTIANITY  AND POSITIVISM : A Series of Lectures to 
Crown 8vo. the Times on Natural Theology and Apologetics. 

7s. 6d. 

These Lectures wwe deIivertd in New York, bv appointntrrrf, in the 
bqib”r8tring of 1871, as the second course on the foundation of 
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the L%wn Theologkal Seminary. Thert are ttn ficturts in all, 
dividui into thyct 5eyjc.~::-I. I l C)&b&&y and Php.cal Sricnce” 
(threc lecturer). XI. ‘‘ Chrbtknity and Mental Scicnce” (four 
ltcturts). 3IL I‘  ChraXzntiy and Hirtor2al Invtshjphbn” (thrce 
Itcfurts). Tk ApprrUiiX codaim arricleJ on “Gajs in tht Themy 
of Dcuelofmmt;” “Darwin’s Descent of Man.” “pI.ifiriples 
of Herbert Spmtr’s Philosophy.” I n  tlu course of the Lectures 
Dr. M’Cod dircursef all the most irnjnfartt sCl;.nt;ic probltms 
whuh are supposed to affect C(wisCianity. 

MassOn.-mcmT .BRrTIsH PHrLosOpHY : A Review, 
with Criticisms ; including some Comments on Mr. Mill’s Answer 
to Sir William Hamilton. By DAVID MASSON, M.A., Professor 
of Rhetoric and English Literature in the University of Edinburgh. 
Crown 8vo. 6s. 

The author, in hL uma2 graph2 adforcisrc ncaniw, ~ t v t h s  
ronsidcrable detail, and j m n i s  out the dn$ts of tht ~hilosOplr~a~ 
speculaciom oftlreflmkus thirty years, bringing undm n o t h  fhc 
work of oiithrprincriaiph‘losop/rrrs wha hove been atwork dunW 
thtprriod on the hlghutproblcm whkh cowwn humanity. Thf 
four chapters are thus titled:-I. * ‘ A  sur~ey of Thiriy Years.” 
IL “The Tradi&nai Difmoues: h a  r@ta&d in car&It, 
Hamilto#, and hf..l.’, 11. 66EJtcts Df Rtccnf S&nli/C con- 
c@tiOns on Philo~ophy.” IV. “Latest Dmys and GrouPin,~.” 
The last scvcn9-sis pages are cirvoted to a iicuiew o f  Mr. Mgps 
m2&m of sir Wilbm >Iamil/on’s Pkgosehy. ‘‘wt Can 
noruhert point to a work whkh @es SO clear an rxposikion of 
the c o u m  of philosophical speculation in Bn’iain during t l i  @t 
ct?&ry, or which indicatrcssso imtmc&& tht mutual i?tjurncrs of 
philosophu and sca’etltzific thou~lrt.’,-Fortnightly Review. 

R R I TIS H X 0 \-ELI STS. -See BELLES LETTRES C ATALOCU E. 

LIFE OF MILTON.-See B~OGRAPHICAL CATALOGUE 

Maudsley.--wo,ks by HENRY MAUDSLEY, M.D., Professor Of 

Medical Jurisprudence in University College, London :- 

BOIIY A N D  MIND : An Inquiry into their Connection and 
See Mutual Influence, specially in reference to Mental Disease8. 

MEDICAL CXTALOC UP, preceding. 
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Maudsley (H.)-contiirued. 

THE PHYSIOLOGY AND PATHOLOGY OF MIND. 
See MEDICAL CATALOGUE, preceding. 

Maurice.-works by the Rev. FREDERICK DENISON MAURICE, 
M.A., Professor of Moral Philosophy in the University of Cnm- 
bridge. (For other Works by the same Author, see THEOLOGICAL 
CATALOGUE.) 

SOCIAL MORALITY. Twenty-one Lectures delivered in the Uni- 
versity of Camlxidge. New and Cheaper.Edition. Cr. 8vo. 10s. 6a’. 

In this srrirs of Lectures, Professw Maurice considrrs, hist&alQ 
and cnXcal&, Social Moraliiy in its three main aspects : L “ The 
Rehfins whuh spring from the Family-Domestu Mwality.” 
XI. ‘‘ The Relafins which subs& among the various constiiuoits 
of a Nation-Nataonal Moraliiy.” XZL “As it concerns Uni- 

‘ versal Humanity-Universal Mwality.” 4ppmdcd to each s&s 
is a chapter on “ Wwship : ” jirst. “ Fumily Worship : ” second, 
“Natwmal Wonhip; ’I thwd, “ Utiivcrsal Worsh+.” “ Whilst 
reading it we are charmed by the freedom from exclunbmss and 
pr&iice, the large chady, the lofiness of thoufht, the eagerness to 
recognize and appectate whnfmer there is of rwl worth extant in 
the worZd, whuh animates it from one end to the other. Wegain 
nnu thoughts and new ways of m k h g  things, men more, perhaps, 
fiom being brought fw a tinu undm the inpumrC of so noble and 
spiritual a mind.”-Athenaum. 

THE CONSCIENCE: Lectures on Casuistry, delivered in the 
University of Cambridge. h’ew and Cheaper Edition. Crown 8vo. 
5s. 

In this s&s of nim Lectures, Professw Maunke, with his wonted 
firre and breadth ma’ freshness, endravours to settle what is rneant 
by the wwd “ Cotmience,” and discusses the most important 
questions immediate& contiected wi?h the sub)ct. Taking “ Casu 
istry” in its old seiise as bring the “study of cases of Consn’mce,” 
lie eruftavours to shm irr what way it may be brought in bear at 
the present day upon the acts and thoughts of our ordinary 
existtnce. flr shoios !hat Cotucimce a.4~ for laws, not rulrs; 
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fw freedom, not chains; f i i  tducacion, not supplcsnbn. J$ 

has abstained /Font the use of philosophical terms, and has tmrclrcd 
on philosophkal vstrnis only when he fancied ccthry were inttr- 

frring w2h the rtkhts and dutaes of wayfarers.” The Saturday 
Review says: “We r k e f i o m  them wa?h defest/aron of all that U 
sel&h and man,  and with n living inrpres&n that there iZ such a 
thing as goodncss afitr all.” 

MORAL AND METAPHYSICAL PHILOSOPHY. New 
Edition and Preface. Vol. I. Ancient Philosophy and the First to 
the Thirteenth Centuries ; Vol. 11. the Follrteenth Centuryand the 
French Revolution, with n glimpse into the Nineteenth Century. 
z Vols. 8vo. 25s. 

This is an EIIirion in two volumes of Pmfessor Mauticr’s History o/ 
Philosoplry from the carliest period to the fitsent time. lt  was 

formerly scatterid throurhout a nunrbm ofsrpnr~CC volunus, a d  tt 
D beliwed that all admirers o/F the author and all studnts ./ 
philosophy will wtkonu this compact Edilion. The SU&: /J O w  

of fhe h@st importance, and it is trtated here with J%lness and 
tmtdmw, and in R clear and interu,+n& nianncr. I n  a long intro- 
ductwn to this Edithi, in the f i r m  o j  a dialogue, Professor Maurice 
fistQfes sonic of his own prcuhar views, and touches upon sonic o/ 
the riiost intporrarr f topics of the time. 
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most important ./all guesthias, whether intell&wce is an ultimate 
f a t ,  incapable of bring resolved into any other, or on& a resuZtant 
from the laws of habit. The Zaffer part of the first volume is 
orcupird wi2h the discussah of the guesthn of the 0rip.n of Speak. 
T h j r s t  part of the second volume is occupied with a n  inquiry 
into theprocess of mentalgruwth and dmdopnmt, and the nature 
of mental infeZl&ue. In the chapter that folZows, the author dis- 
cusses the s&ue of hbtory, and the three concluding chapters 
conlain some ideas on the classification, the histmy, and the logic, of 
the sciences. The author's aim has been to make the subject: trea&d 
of intclZ&ib(c to any wdinhry intell&ent man. " We arc pleased 
to Zisten," says the Saturday Review, clto a writer who has sofirm 
a foothold upon the grmrnd d h i n  the scope of his immediate 
mmy, and wlw can enunciate d h ' s o  mujh c lcar~~s  andjorce 
propodbns whuh come wi2hin his grasp." 

Thring (E., M.A.)-THOUGHTS ON LIFE-SCIENCE. 
By EDWARD THRING, M.A. (Benjamin Place), Head Master of 
Uppingham School. New Edition, enlarged and revised. 
Crown 8vo. 7s. 6d. 

In this volume are atjmsea in a familiar manner some of the most 
interesting problems between Science and Religion, Rcaon and 
Feeling. "Learning and Science, '' says the author, "are claiming 
the nght of buirdivg up and pulling dmvn aqything, especial& 
the latter. It has seemed to nu tw useless task to look steadily at 
what has h a p p e d ,  to take sfock as it were of men's gains, and lo 
endeavour amidst new circuinstanres to a m b e  at some rational 
estimate of the benrings of things, so that the limits of wkat is 
p o s d l t  at all ments may be clearly marked out for ordinary 
readers. . . . . This book is an endeavour to bring out s o t m  of the 
main f u t s  of the world.." 

Venn.-THE LOGIC OF CHANCE : An Essay on the Founda- 
tions and Province of the Theory of Probability, with especial 
reference to its application to Moral and Social Science. By JOHN 
VENN, M.A., Fellow of Gonville and Caius College, Cambridge. 
Fcap. 8vo. 7s. 6d. 

This Essay is in no sense mafhmiafical. Probability, the author 
thinks, may be considcvd to be n p t w n  of the p m ' n c r  oi Log c 
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