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PREFACE.

At  the close of the Deep-sea Dredging Expeditions 
which had been undertaken by th e  A dm iralty a t the 
instance of the Council of th e  Royal Society during 
th e  years 1868,1869, and 1870, i t  was thought righ t 
th a t those who had been entrusted w ith th e ir scien
tific direction should, in  addition to  the ir official 
reports, lay before th e  general public some account 
of the ir proceedings w ith th e  objects ;—first, of show
ing, if  possible, th a t the value of the additions which 
had been made to hum an knowledge justified the 
liberality of Government in  acceding to the request 
of th e  Council of th e  Royal Society, and placing 
means a t th e ir disposal to carry out the desired 
researches; and, secondly, of giving such a  popular 
outline of th e  rem arkable results of our work as 
m ight stim ulate general interest, and induce those 
who have th e  proclivities and th e  opportunity, to 
penetrate farther in to  th e  new and strange region 
on whose borders we have had the good fortune to 
have been among th e  first to  encroach.
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I t  was originally intended th a t th e  general account 
should have been a jo in t production, each of us con
trib u tin g  his part. • There were difficulties, however, 
in  th e  way of th is arrangem ent. W e were a ll fully 
occupied with o ther m atters, and th e  am ount of 
communication and correspondence between us, re
quired to  carry out th e  p lan  of jo in t authorship , 
seemed likely to  prove a  cumbrous complication.

I t  was therefore decided th a t quoad th e  popular 
exposition I  should take  upon m yself th e  office of 
‘ reporter,’ and thus i t  comes about th a t I  am  ind i
vidually and solely responsible for th e  opinions and 
statem ents contained in  th is book, save where they  
are included w ithin quotation m arks, or th e ir  sources 
otherwise acknowledged.

Since we began these deep-sea investigations, 
inquiries have come in  from all quarters, bo th  a t 
home and abroad, as to  th e  im plem ents and m ethods 
which we employ. To supply th e  desired inform a
tion, I  have described, in  detail, th e  processes both  
of sounding and dredging; and I  hope th a t  th e  
special chapters on these m a tte rs— th e  re su lt of 
considerable experience— m ay be found useful to 
beginners.

I  pretend to no special knowledge o f physics, and  
I  should have greatly preferred confining m yself to 
th e  domain of Biology, m y own proper p rov ince; 
b u t certain physical questions raised during  our la te  
explorations have so great im portance in rela tion  to
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th e  d istribution of living beings, and have of late 
been b ro u g h t in to  so g reat prominence by Dr. Car
penter, th a t  it  has been impossible for me to avoid 
giving m y earnest consideration to  th e ir general 
bearings on Physical Geography, and form ing decided 
opinions, which, I  regret to say, do no t altogether 
coincide w ith  those of D r. C arpenter. The chief 
po in ts on w hich my friend and I  ‘ agree to  differ ’ 
are discussed in  th e  chapter on th e  Gulf-stream.

I t  was a t  first m y in tention  th a t appendices should 
be added to  th e  different chapters, containing lists 
and  scientific descriptions of th e  anim al form s which 
were observed. This i t  was found impossible to 
accomplish, chiefly on account of th e  large num ber 
of undescribed species which were placed in  th e  hands 
of th e  experts who undertook the exam ination of the 
several groups. I  am  no t sure th a t, even if  i t  had 
been possible to  furnish them  in  tim e, such lists 
would have been altogether an  appropriate addition 
to w hat is intended m erely as a popular prelim inary 
sketch.

The m etrical system of m easurem ent, and the 
centigrade therm om eter scale, have been adopted 
th roughou t th e  volume. The m etrical system is pro
bably  fam iliar to  m ost of m y readers. I n  case the 
centigrade no ta tion , which comes in very frequently 
owing to  th e  frequen t discussion of questions of the 
d istribu tion  of tem perature, should not be equally 
fam iliar, a  com parative scale, em bodying those of
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Ealircnlieit, Celsius, and Réau- 
mur, is introduced for com
parison.

My various sources of infor
mation, and th e  friendly as
sistance I  have received on all 
hands during the progress of 
our work, are acknowledged, so 
far as possible, in  th e  text. 
I  need here only renew my 
thanks to  StafF-Commander 
M ay and th e  officers of the 
‘ L igh tn ing ,’ and C aptain  Cal- 
ver and th e  officers of the 
‘ Porcupine/ w ithout whose 
hearty  sym pathy and co-ope
ration  our task  could never 
have been satisfactorily accom
plished ; to m y colleagues, Dr. 
Carpenter, F .R .S ., and  M r. 
Gwyn Jeffreys, F .R .S ., who 
have cordially assisted m e in 
every way in  th e ir power ; and 
to  th e  na tu ra lis ts  in to  whose 
hands the anim als of various 
classes were placed for descrip
tion and study ,—th e  Rev. A. 
M erle N orm an, Professor Ktfl- 
liker, D r. Carter, F .R .S ., Dr. 

Allman, F .R .S ., Professor M artin  D uncan, F. U.S.,
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and Dr. M 'In to sh , for inform ation courteously 
supplied.

The whole of the illustrations iii th e  book— with 
th e  exception of th e  vignettes of E £ ro e  scenery for 
which Ï  am indebted to  th e  accomplished pencil of 
M adam e H olten—are by m y friend Mr. J . J .  Wild.* 
I  need scarcely thank  him  for the adm irable way in 
which he has accomplished his task , for every figure 
was w ith him  a  labour of love, and I  alm ost envy 
h im  th e  gratification he m ust feei in  the result. 
To Mr. J . D. Cooper I  owe m y sincere thanks for 
th e  singularly faithful and artis tic  rendering of 
M r. W ild’s beautiful drawings on th e  wood-blocks.

On tile re tu rn  of the ‘ Porcupine’ from her last 
cruise, so much interest was felt in th e  bearings of 
th e  new discoveries upon im portant biological geo
logical and physical problems, th a t a representation 
was made to Governm ent by th e  Council of the 
Royal Society, u rg ing th e  despatch of an  expedition 
to traverse th e  g reat ocean basins, and take an out
line survey of the vast new field of research—the 
bottom  of th e  sea.

llear-A dm iral R ichards, C.B., F .R .S ., the Hydro- 
grapher to th e  Navy, w arm ly supported the pro
posal, and w hile I  am  w riting  a noble ship is 
lying a t  Sheerness equipped for scientific research 
under his wise and liberal directions, as no ship 
o f any nation  was ever equipped before.
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The scientific staff of th e  ‘ C hallenger' are well 
aware th a t for some tim e to come th e ir rôle is  to 
work and no t to  ta lk  ; b u t now, on th e  eve of depar
tu re , I  th in k  i t  is only rig h t to  take th is  opportunity  
of saying th a t  no th ing  has been left undone by the 
Government to  ensure th e  success of th e  undertaking, 
and th a t  dire m isfortune only ought to  prevent our 
furnishing a valuable re tu rn .

C. W y v i l l e  T h o m s o n .

E d i n b u r g h ,

December 2nd ,  1872.
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T H E  D E P T H S  OF T H E  SEA.

C H A P T E R  I .

IN T R O D U C T IO N .

T he Q uestion o f  a  B athym etrical L im it to  L ife.— T he general Laws 
w hich  regulate  th e  Geographical D istribu tion  o f L iv in g  Beings.—  
Professor E dw ard  Forbes’ Investigations and  V iews.— Specific 
C entres.— R epresentative Species.— Zoological Provinces.— Bear
ings o f a  D octrine  o f E vo lu tion  upon th e  Id e a  o f a  ‘Species,’ 
an d  o f  th e  Law s o f D istribu tion .— T h e  C ircum stances m ost likely  
to  affect L ife  a t  great D ep th s  : Pressure, Tem perature, an d  Absence 
o f L ight.

The  sea covers nearly three-fourths of th e  surface of 
th e  earth , and, u n til w ith in  th e  last few years, very 
little  was know n w ith  anyth ing  like certainty  about 
its  depths, w hether in  th e ir physical or th e ir biological 
relations. The popular notion was, th a t after arriving 
a t  a certain  depth th e  conditions became so peculiar, 
so entirely  different from  those of any portion of the 
earth  to  which we have access, as to  preclude any 
o ther idea th an  th a t  of a waste of u tte r  darkness, sub
jected to  such stupendous pressure as to  m ake life of 
any k ind impossible, and to  throw  insuperable diili-
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culties in th e  way of any a ttem pt a t  investigation. 
Even men of science seemed to share th is idea, for 
they  gave little  heed to the apparently w ell-authenti
cated instances of animals, com paratively high in  the 
scale of life, having been brought up  on sounding 
lines from great depths, and welcomed any suggestion 
of th e  anim als having got entangled when swimming 
on the surface, or of carelessness on th e  p a r t of the 
observers. And th is was strange, for every other 
question in Physical Geography liad been investi
gated by scientific men w ith consum m ate patience 
and energy. Every gap in the noble little  arm y of 
m artyrs striving to  extend the boundaries of know
ledge in  th e  wilds of A ustralia, on th e  Zambesi, 
or towards the N orth  or South Pole, was struggled 
for by earnest volunteers, and still th e  g reat ocean 
slumbering beneath the moon covered a  region 
apparently as inaccessible to m an as th e  ‘ m are 
serenitatis/

A few years ago the bottom  of the sea was required 
for the purpose of telegraphic com munication, and 
practical men mapped out the bed of th e  N orth  
A tlantic, and devised ingenious m ethods of ascertain
ing the natu re  of th e  m aterial covering th e  bottom. 
They laid a telegraphic cable across it, and th e  cable 
got broken and they went back to th e  spot and fished 
up th e  end of i t  easily, from a  depth of nearly  two 
miles.

I t  had long been a question w ith naturalists w hether 
it  m ight not be possible to dredge the bottom  of the 
sea in the ordinary way, and to send down water- 
bottles and registering instrum ents to settle finally 
the question of a  ‘ zero of anim al life / and to deter
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m ine w ith precision the composition and tem perature 
of sea-water a t  great depths. .A n investigation of this 
kind is beyond th e  ordinary lim its of private enter
prise. I t  requires more power and sea skill than  
naturalists can usually command. W hen, however, 
in  th e  year 18G8, a t  the instance of my colleague 
Dr. C arpenter and myself, w ith the effective support 
of th e  present H ydrographer to  th e  Navy, who is 
deeply interested in  the scientific aspects of his pro
fession, we had placed a t  our disposal by the Admi
ra lty  sufficient power and skill to make th e  experiment, 
we found th a t we could work, not w ith so much ease, 
b u t w ith as m uch certainty, a t a depth of GOO fathoms 
as a t  100 ; and in  1869 we carried th e  operations down 
to  2,435 fathom s, 14,610 feet, nearly th ree s ta tu te  
miles, w ith perfect success.

D redging in such deep water was doubtless very 
trying. Each haul occupied seven or eight hours ; 
and during  th e  whole of th a t tim e it demanded and 
received th e  m ost anxious care on th e  part of our 
commander, who stood w ith his hand on the pulse of 
th e  accum ulator ready a t any mom ent, by a  tu rn  of 
th e  paddles, to  ease any undue strain. The men, 
stim ulated and encouraged by th e  cordial interest 
taken  by the ir officers in our operations, worked 
willingly and well ; b u t th e  labour of tak ing  upwards 
of three miles of rope coming up w ith a  heavy strain, 
from  th e  surging drum  of the engine, was very severe. 
The rope itself, ‘ haw ser-laid/ of th e  best Ita lian  
hemp, 2^ inches in  circumference, w ith  a breaking 
stra in  of 2£ tons, looked frayed ou t and worn, as if  it  
could no t have been trusted  to stand th is extraordinary 
ordeal m uch longer.
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Still th e  th in g  is possible, and i t  m ust be done 
again and again, as th e  years pass on, by natu ra lists  of 
all nations, working w ith  im proving m achinery, and 
w ith  ever-increasing knowledge. F o r th e  bed of the 
deep sea, th e  140,000,000 of square miles which we 
have now added to  th e  legitim ate field of N atu ra l 
H istory research, is no t a  barren waste. I t  is inhabited 
by a  fauna m ore rich and varied on account of the 
enormous ex ten t of th e  area, and w ith  th e  organisms 
in m any cases apparently  even m ore elaborately and 
delicately formed, and more exquisitely beautifu l in  
th e ir soft shades of colouring and in  th e  rainbow -tints 
of th e ir wonderful phosphorescence, th a n  th e  fauna 
of the well-known belt of shallow w ater teem ing w ith  
innum erable invertebrate forms w hich fringes the 
land. A nd the forms of these h itherto  unknow n 
living beings, and the ir mode of life, and th e ir rela
tions to  other organisms w hether living or extinct, 
and the phenomena and laws of th e ir  geographical 
distribution, m ust be worked out.

The late Professor Edw ard Forbes appears to  have 
been the first who undertook the system atic study  of 
M arine Zoology w ith special reference to  th e  d istribu
tion  of m arine animals in space and in  tim e. A fter 
m aking him self well acquainted w ith  th e  fauna of 
th e  B ritish seas to  th e  depth of about 200 fathom s by 
dredging, and by enlisting th e  active co-operation of 
his friends—am ong whom we find M acAndrew, Barlee, 
Gwvn Jeifreys, W illiam  Thompson, Robert Ball, and 
many others, entering enthusiastically in to  th e  new 
field of N atu ral History inquiry—in  the year 1841 
Forbes joined Capt. Graves, who was at th a t  tim e in 
command of the M editerranean Survey, as natu ra list.
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D uring  about eighteen m onths he studied w ith the 
u tm ost care the conditions of th e  Æ gean and its 
shores, and conducted upwards of one hundred 
dredging operations a t  depths varying from  1 to  130 
fathom s. I n  1813 he communicated to th e  Cork 
m eeting of th e  B ritish Association an  elaborate report 
on th e  M ollusca and Itad ia ta  of th e  Æ gean Sea, and 
on th e ir d istribution considered as bearing on Geology.1 
Three years later, in  1846, he published in  th e  first 
volum e of th e  ‘ M emoirs of th e  Geological Survey of 
G reat B ritain ,’ a  m ost valuable memoir upon the 
Connection between th e  existing "Fauna and F lo ra  of 
th e  B ritish  Isles, and th e  geological Changes which 
have affected the ir Area, especially during th e  Epoch 
of th e  N orthern  D rift.2 I n  th e  year 1859 appeared 
th e  N atu ra l H istory  of th e  European Seas by th e  late 
Professor Edw ard Forbes, edited and continued by 
R obert Godwin A usten.3 I n  the first hundred pages 
of th is little  book, Forbes gives a general outline of 
some of th e  m ore im portant of his views w ith regard

1 R ep o rt on th e  M ollusca an d  R ad ia ta  o f th e  Æ gean  Sea, an d  on 
th e ir  D is tribu tion , considered as bearing  on Geology. B y  E dw ard  
Forbes, F .L .S ., M .W .S ., Professor o f Botany in  K ing ’s College, London. 
(R eport o f th o  T h irte en th  M eeting  o f th e  B ritish  A ssociation for th e  A d
vancem ent o f Science ; h e ld  a t C ork in A ugust 1843. L ondon, 1844.)

2 O n th e  C onnection betw een th e  D is trib u tio n  o f th e  ex isting  F auna 
an d  F lo ra  o f th e  B ritish  Is les  and  tho  geological Changes w hich have 
affected th e ir  A rea, especially du rin g  th e  E poch  o f  th e  N o rth e rn  D rift. 
B y  E dw ard  Forbes, F .R .S ., L .S ., G .S., P rofessor of B otany a t  K ing ’s 
College, L ondon ; Palæ ontologist to  tho  Geological Survey  -of the  
U n ited  K ingdom . (M em oirs o f th e  Geological Survey o f G reat B ritain , 
vol. i. London, 1846.)

3 T h e  N a tu ra l H isto ry  o f th e  European Seas, by th e  la te  Professor 
E dw ard  Forbes, F .R .S ., &c. E d ited  and  continued by R obert Godwin 
A usten , F .R .S . London, 1859.
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to  th e  distribution of m arine forms. The rem ainder 
of th e  book is a continuation by his friend Mr. Godwin 
A usten, for before i t  was finished an  early death had 
cu t short the career of th e  m ost accomplished and 
original natu ralist of his time.

I  will give a brief sketch of the general results to 
which Forbes was led by his labours, and I  shall 
have to  point out hereafter, th a t although we are 
now inclined to  look somewhat differently on certain 
very fundam ental points, and although recent inves
tigations with better appliances and more extended 
experience have invalidated many of his conclusions, 
to  Forbes is due th e  credit of having been th e  first to 
trea t these questions in  a  broad philosophical sense, 
and to point ou t th a t the only means of acquiring a 
tru e  knowledge of the rationale o f th e  d istribu tion  of 
our present fauna, is to  m ake ourselves acquainted 
w ith  its history, to  connect th e  present w ith  th e  past. 
This is th e  direction which m ust be taken  by fu ture  
inquiry. Forbes, as a  pioneer in  th is line of research, 
was scarcely in  a  position to appreciate th e  fu ll 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 em ulating  his 
enthusiasm  and his indefatigable industry.

Forbes believed im plicitly, along w ith nearly a ll th e  
leading naturalists of his tim e, in  th e  im m utability  
of species. I le  says (N atural H istory of th e  B ritish  
Seas, p. 8), “ Every true  species presents in  its in d i
viduals, certain  features, specific characters, which 
distinguish it  from every other species ; as if  th e  
Creator had set an exclusive m ark or seal on each
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type .” H e likewise believed in  specific centres of 
distribution. H e held th a t all th e  individuals com
posing a species had descended from a single pro
genitor, or from two, according as th e  sexes m ig h t be 
un ited  or distinct, and th a t consequently th e  idea of a 
species involved the idea of th e  relationship in  a ll the 
individuals of common descent; and  th e  converse, th a t 
th e re  could by no possibility be com m unity of descent 
except in  living beings which possessed th e  same 
specific characters. H e  supposed th a t th e  original 
individual or pair was created a t  a  particu lar spot 
w here th e  conditions were suitable for its  existence 
and  propagation, and th a t  th e  species extended and 
m igrated from th a t  spot on a ll sides over an  area of 
greater or less extent, u n til it  m et w ith some na tu ra l 
b arrier in  th e  shape of unsuitable conditions. No 
specific form  could have m ore th an  a  single centre of 
d istribution . I f  its  area appeared to  be broken up, a 
pa tch  no t in  connection w ith th e  original centre of 
d istribu tion  occurring in  some d istan t locality, i t  was 
accounted for by th e  form ation, th ro u g h  some geolo
gical change after th e  first spread of th e  species, of a 
b arrier which cu t off a  p a r t of its  area; or to  some 
accidental tran sp o rt to  a  place where th e  conditions 
were sufficiently sim ilar to  those of its  n a tu ra l original 
hab ita t to  enable it  to  become naturalized. N o species 
once exterm inated was ever recreated, so th a t in  those 
few cases in  which we find a  species abundant a t one 
period over an  area, absent over th e  same area for a 
tim e, and recurring  a t  a  la te r period, i t  m ust be ac
counted for by a  change in  th e  conditions of th e  area 
which forced th e  em igration of the species, and a sub
sequent fu rth er change which perm itted its  return .
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Forbes defined and  advocated w hat he called the 
law of representation. H e found th a t  in all parts 
of th e  world, however far removed, and however 
com pletely separated by n a tu ra l barriers, where th e  
conditions of life are sim ilar, species and groups 
of species occur which, although no t identical, 
resemble one another very closely; and he found 
th a t th is sim ilarity existed likewise between groups 
of fossil rem ains, and between groups of fossils 
and groups of recent forms. A dm itting  th e  con
stancy of specific characters, these resemblances 
could no t be accounted for by com m unity of de
scent, and he thus arrived a t th e  generalization, 
th a t in  localities placed under sim ilar circumstances, 
sim ilar though  specifically d istinct specific forms 
were created. These he regarded as m utually  repre
sentative species.

O ur acceptance of th e  doctrines of specific centres 
and of representation, or, a t  all events, th e  form  in  
which we m ay be inclined to  accept these, depends 
greatly upon the acceptance or rejection of th e  funda
m ental dogma of th e  im m utability  of species; and 
on th is poin t there has been a  very great change of 
opinion w ith in  th e  last ten  or twelve years, a  change 
certainly due to  th e  rem arkable ability  and  candour 
w ith  which th e  question has been discussed by Mr. 
D arw in1 and Mr. W allace,2 and to th e  genius of P ro 

1 T h e  Origin of Species b y  m eans o f  N a tu ra l Selection ; or, th e  
P reservation  o f F avoured  P aces in th e  S truggle fo r Life. B y  C harles 
D arw in , M .A ., F .R .S ., L .S ., G .S., &c. &c. London, 1859, and  subse
q u e n t editions.

2 C ontributions to th e  T heory  o f N a tu ra l Selection. A  Series of 
Essays by A lfred R ussel W allace. London, 1870.
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fessor E rn s t Haeckel,1 Dr. E ritz  M üller,2 and others of 
th e ir en thusiastic disciples and com mentators. I  do 
n o t th in k  th a t  I  am  speaking too strongly w hen I  say 
th a t there is now scarcely a  single com petent general 
n a tu ra lis t who is no t prepared to  accept some form 
of th e  doctrine of evolution.

There is, no doubt, very great difficulty in  the 
m inds of m any of us in  conceiving th a t, commenc
ing  from  th e  sim plest living being, th e  present state 
of th ings in  th e  organic world has been produced 
solely by th e  combined action of ‘ atav ism / th e  ten
dency of offspring to  resemble the ir parents closely ; 
and ‘ v aria tio n / the tendency of offspring to  differ 
individually from th e ir parents w ith in  very narrow  
lim its : and m any are inclined to  believe th a t some 
other law th an  th e  ‘ survival of th e  fittest * m ust 
regulate  th e  existing m arvellous system of extrem e 
and yet harm onious modification. S till i t  m ust be 
adm itted th a t variation  is a vera carna, capable, 
w ith in  a  lim ited period, under favourable circum
stances, of converting one species into w hat, accord
ing  to  our present ideas, we should be forced to 
recognize as a different species. A nd such being th e  
case, i t  is, perhaps, conceivable th a t  during  the lapse 
of a period of tim e—still infinitely shorter th an  
e tern ity—variation  m ay have produced th e  entire 
result.

1 G enerelle M orphologio d e r Organism en. A llgem eine Grundzüge 
d e r organischen Form en-W issenschaft m echanisch begründet durch 
d ie  von C harles D arw in  reform irte  D escendenz-Theorio. V on E rn s t 
H aeckel. B erlin , I8 6 0 .— N atü rlich e  Schöpfungsgeschichte. V o n  D r. 
E rn st H aeckel, Professor an  der U n iv e rs itä t Jena. B erlin , 1870.

2 F ü r  D arw in. V on D r. F r itz  M üller. Leipzig, 1864. Translated 
from the  G erm an by  AV. S. D allas, F .L .S . London, 1869.
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The individuals comprising a species have a  definite 
range of variation strictly  lim ited by th e  circum 
stances under w hich the group of individuals is 
placed. E xcept in  m an, and  in  domesticated anim als 
in  which i t  is artificially increased, th is  individual 
variation  is usually so slight as to  be unappreciable 
except to a practised eye ; bu t any extrem e variation 
which passes th e  na tu ra l lim it in  any direction 
clashes in  some way w ith  surrounding circum
stances, and is dangerous to th e  life of th e  indivi
dual. The norm al or graphic line, or ‘ line of 
safety,’ of th e  species, lies  midway between th e  
extrem es of variation.

I f  a t  any period in  the history  of a  species the 
conditions of life of a  group of individuals of the 
species be gradually altered, w ith  th e  gradual change 
of circum stances th e  lim it of varia tion  is contracted 
in  one direction and relaxed in  another ; i t  becomes 
more dangerous to  diverge towards one side and 
m ore desirable to diverge towards th e  other, and  the 
position of the lines lim iting  varia tion  is altered. 
The norm al line, th e  line along w hich the specific 
characters are m ost strongly marked, is consequently 
slightly  deflected, some characters being m ore strongly 
expressed a t  the expense of others. This deflection, car
ried on for ages in  th e  same direction, m ust eventually 
carry  th e  divergence of th e  varying race far beyond 
any lim it w ithin which we are in  th e  hab it of 
adm itting  identity of species.

B u t the process m ust be infinitely slow. I t  is diffi
cu lt to  form  any idea of ten , fifty, or a hundred  m il
lions of years ; or of th e  relation which such periods 
bear to  changes taking place in  th e  organic world.
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W e m ust remember, however, th a t th e  rocks of 
th e  S ilurian  system, overlaid by ten  m iles’ thickness 
of sedim ent entom bing a hundred successive faunæ, 
each as rich  and varied as th e  fauna of the present 
day, them selves teem  w ith fossils fully representing 
all th e  existing  classes of anim als, except perhaps 
th e  highest.

I f  i t  be possible to  im agine th a t  th is  marvellous 
m anifestation of E terna l Power and W isdom involved 
in  liv ing  n a tu re  can have been worked ou t through 
th e  law of c descent w ith  m odification9 alone, we 
shall certainly  require from  th e  Physicists th e  longest 
row  of cyphers which they can afford.

Now, although th e  admission of a  doctrine of evolu
tion  m ust affect greatly our conception of th e  origin 
and rationale of so-called specific centres, it  does not 
practically affect th e  question of th e ir existence, or of 
th e  laws regulating  th e  d istribu tion  of species from 
th e ir centres by m igration, by transport, by ocean 
currents, by elevations or depressions of th e  land, or 
by any other causes a t  work under existing circum 
stances. So far as practical natu ra lists  are con
cerned, species are perm anent w ith in  th e ir narrow  
lim its of variation, and  it would introduce an  elem ent 
of infinite confusion and error if  we were to regard 
them  in  any other light. The origin of species by 
descent w ith modification is as yet only a hypothesis. 
D uring  th e  whole period of recorded hum an observa
tion  not one single instance of th e  change of one 
species in to  another has been detected ; and, singular 
to  say, in successive geological form ations, 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 m axim um  
development, and th is has been called th e  metropolis 
of th e  species ; and practically we m ust employ th e  
same m ethods in  investigating the laws of its d istri
bu tion  as if  we s till regarded i t  as having been 
specially created in  its  metropolis.

I t  is th e  same in  dealing w ith th e  law of represen
tation . A ccepting an  evolution doctrine, we-should 
certainly regard closely allied or ‘ representative ’ 
species as having descended comparatively recently 
from a common ancestry, and  a« having diverged 
from  one another under somewhat different conditions 
of life. I t  is possible th a t as our knowledge increases 
we m ay be able to  trace th e  pedigree of our modern 
species, and some attem pts have already been made 
to  sketch out th e  m ain branches of th e  universal 
genealogical t r e e ;1 b u t practically we m ust continue 
to  accord a specific rank  to  forms w hich exhibit 
characters to  which we have been in  th e  hab it of 
assigning specific value.

‘‘ Every species has th ree  m axim a of develop
m ent,—in  depth, in  geographic space, in  tim e. In  
depth, we find a  species a t  first represented by few 
individuals, which become more and m ore num erous 
u n til they  reach a certain  point, after w hich they  
again gradually dim inish, and a t leng th  altogether 
disappear. So also in  th e  geographic and  geologic 
distribution of animals. Sometimes th e  genus to 
which th e  species belongs ceases w ith its disappear
ance, b u t not unfrequently a succession of sim ilar

1 E rn s t Haeckel, op. cit.
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species arc kep t up, representative as it  were of each 
other. W hen there  is such a  representation, the 
m inim um  of one species usually commences before 
th a t  of which i t  is representative has a tta ined  its 
correspondent m inim um . Form s of representative 
species are sim ilar, often only to  be distinguished by 
critical exam ination.” 1

As an  illu stra tion  of w hat is m eant by the law of 
‘ representation,’ I  m ay cite a  very curious case men
tioned by M r. V erril and M r. A lexander Agassiz. On 
either side of th e  Is thm us of Panam a th e  Echinoderm  
order Echinidea , th e  sea-urchins, are abundan t ; bu t 
th e  species found on th e  two sides of th e  Isthm us 
are distinct, although they belong alm ost universally 
to  th e  same genera, and in  m ost cases each genus is 
represented by species on each side which resemble 
one ano ther so closely in  hab it and appearance as to 
be a t first sight hard ly  distinguishable. I  arrange 
a  few of th e  m ost m arked of these from th e  Carib
bean and Panam ic sides of th e  Is thm us in  parallel 
columns.

E a s t e r n  F a u n a .  W e s t e r n  F a u n a .

C id a r is  a n n u la ta , G r a y .  C id a r is  thouarsii, V a l .
D ia d em a  a n ti l la r u m , P h i l .  D ia d em a  m exicanum , A . Ao.
E ch inocidaris  p u n c tu la ta , D e s m l .  E ch in o c id a ris  ste lla ta ,  A o.
E ch in o m e tra  m ichelin i, D e s .  E ch inom etra  va n  b ru n ii,  A . A o.

„  v ir id is ,  A . A o . „  rup ico la , A . A o.
L y te c h in u s  variegatus, A. A o. L y te ch in u s  sem ituberculatus,

A . A g.
T ripneustes  ventricosus, A o . Tripneustes depressus, A . A o.
Sto lonoclypus ra ven e llii, A . A o. Sto lonoclypus ro tu n d u s, A . Ao.
M e llita  te stu d in a ta , K l .  M ellita  longifissa, M ich .

1 E dw ard  Forbes, R ep o rt on Æ gean  In v e rteb ra ta , op. c it. p . 173.
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E a s t e r n  F a u n a .

M ellita  hexapora , A. À 0 . 
Encope m ichelin i,  Ao.

W e s t e r n  F a u n a .  

M ellita  pacifica, V e r .  

Encope g ra n d is , Ag.
„  em arg ina ta , Ag. 

R hyncholam pas caribbica rum ,
„ m icropora, A g. 

R hyncholam pas ¡pacificus, A. A g.
A . A g.

B rissu s  colum baris, Ao. 
M eom a ventricosa, L ü tk . 
P lag iono tus pectoralis, A o. 
A gassizia  excentrica,  A . Ao. 
Moera atropos, M i c h .

B rissu s  obesus, V e r .

M eom a grand is , G r a y .  

P lagionotus nobilis, A . A o. 
A gassiz ia  scrobiculata,  V a l .  

M  cera clotho, M i c h .

Supposing species to  be constant, th is singular 
chain of resemblances would indicate simply the 
special creation on the two sides of the Is thm us of 
two groups of species closely resem bling one another, 
because th e  circum stances under which they  were 
placed were so very sim ilar ; b u t adm itting  ‘ descent 
w ith  modification,’ while gladly availing ourselves 
of th e  convenient te rm  * representation,’ we a t  once 
come to th e  conclusion th a t these nearly allied ‘ re
presentative species’ m ust have descended from a  com
m on stock, and we look for th e  cause of th e ir diver
gence. Now on exam ining th e  Isthm us of Panam a we 
find th a t a portion of i t  consists of cretaceous beds 
containing fossils un distinguishable from fossils from  
th e  cretaceous beds of Europe ; th e  Is th m u s m ust 
therefore have been raised in to  dry land in  tertiary  or 
post-tertiary times. I t  is difficult to  doubt th a t the 
rising  of th is na tu ra l barrier isolated two portions 
of a shallow-water fauna which have since slightly  
diverged under slightly different conditions. I  quote 
A lexander Agassiz “  The question na tu ra lly  arises, 
have we not in  the different Faunæ  on both  sides of 
th e  Is thm us a standard by which to  m easure the
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changes which these species have undergone since the 
raising  of the Is thm us of P anam a and  th e  isolation 
of the two Faunae?” 1

Edw ard Forbes distinguished round all seaboards 
four very marked zones of depth, each characterized 
by a  d istinct group of organisms. The first of these 
is th e  litto ra l zone, the space between tide-m arks, 
distinguished by th e  abundance of sea-weeds, on 
th e  European shores of th e  genera Lichina ., Fucus, 
Enteromorpha , Polysiphonia , and Laurencia , which 
severally predom inate a t  different heights in  the 
zone, and  subdivide it  in to  subordinate belts like 
a  softly-coloured riband  border. This band is under 
very special circum stances, for its inhab itan ts  are 
periodically exposed to  th e  air, to  th e  direct rays 
of th e  sun, and to  all th e  extrem es of th e  clim ate 
of th e  land. A nim al species are n o t very num erous 
in  th e  litto ra l zone, b u t individuals are abundant. 
The d istribu tion  of m any of th e  litto ra l species is 
very wide, and some of them  are nearly cosmopolitan. 
M any are vegetable feeders. Some characteristic 
genera on th e  coast of E urope are Gammarus, 
Talitrus , and Balanus  am ong Crustacea, and L it
torina, P a te lla , P urpura, and  M ytilus  am ong Mol
lusca, w ith , under stones and in  rock-pools, m any 
stragglers from th e  nex t zone.

The L am inarían  zone extends from low-water m ark 
to  a  depth  of about fifteen fathom s. This is specially

1 P re lim inary  R ep o rt on th e  E ch in i a n d  Starfishes d redged  in  D eep 
W a te r  betw een C uba an d  th e  F lo rida  Reef, by L . F . de  P ourta les, 
A ssis tan t U .S . C oast Survey ; prepared by  A lex an d er Agassiz. 
C om m unicated by Professor 11. Peirce, S u p e rin ten d en t U .S. Coast 
Survey, to  th e  B u lle tin  o f the  M useum  o f C om parative Zoology, 
C am bridge, M ass., 1809.
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th e  zone of ‘ tangles 9 for th e  first few fathom s, and 
in  deeper w ater of th e  beautifu l scarlet sea-weeds 
(florideœ). I t  is always under w ater except a t  the 
very lowest ebb of spring tides, when we get a 
glimpse of its  upper border. The lam inarían  zone 
produces abundance of vegetable food, and, like the 
litto ra l zone, may be divided into  subordinate bands 
distinguished by differently tin ted  algæ. Anim als 
swarm in th is  zone, both  as to species and ind i
viduals, and are usually rem arkable for th e  b righ t
ness of the ir colouring. The m olluscan genera 
Trochus, Lacuna , and L o ttia  are characteristic of this 
be lt in  th e  B ritish  seas.

The L am inarían  zone is succeeded by th e  Coralline 
zone, which extends to a  depth of about fifty fathom s. 
I n  th is  be lt vegetation is chiefly represented by coral
like millipores, and plant-like hydroid zoophytes and 
bryozoa abound. AÜ of the higher orders of m arine 
invertebrates are fully represented, principally  by 
anim al feeders. The larger crustaceans and echino- 
derms are ab u n d an t; and th e  great fishing-banks 
frequented by the cod, haddock, halibut, tu rb o t, and 
sole, belong properly to th is zone, a lthough  they 
sometimes extend into water m ore th a n  fifty fathom s 
deep. C haracteristic m olluscan genera are Buccinum , 
Fusus, Ostrea, and Pecten; and am ong echinoderma 
in  th e  European seas we find Antedon sarsii and 
celticus, Asteracanthion glaciale and rubens, Ophio
th rix  frag ilis , and on sand, Ophioglypha lacertosa 
and  albida.

The last belt defined by Forbes as extending from 
about fifty fathom s to  an unknow n lower lim it is the 
zone of deep-sea corals. “ I n  its depths th e  num ber
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of peculiar creatures are few, yet sufficient to  give a 
m arked character to  it, w hilst th e  other portions of its 
population are derived from th e  h igher zones, and 
m ust he regarded as colonists. As we descend deeper 
and  deeper in  th is  region, its inhab itan ts become more 
and more modified, and fewer and  fewer, indicating 
our approach tow ards an  abyss where life is either 
extinguished, or exhibits b u t a  few sparks to  m ark 
its  lingering  presence.” 1

Forbes pointed out th a t th e  groups of anim als having 
th e ir m axim um  development in  these several zones 
are thoroughly  characteristic, and th a t  groups of 
representative forms occupy th e  sam e zones a ll over 
th e  world, so th a t on exam ining an  assemblage of 
m arine anim als from any locality, i t  is easy to  tell 
from w hat zone of depth they have been procured. 
A t a ll periods of th e  earth ’s history, there  has been 
th e  same clear definition of zones of depth, and fossil 
anim als from any particu lar zone are in  some sense 
representative of th e  fauna of the corresponding zone 
a t  th e  present day. W e  can, therefore, usually  tell 
w ith  tolerable certain ty  to  w hich zone of depth a  par
ticu la r assemblage of fossils is to  be referred.

A lthough wre m ust now greatly  modify our views 
w ith  regard to  th e  ex ten t and  fauna of th e  zone of 
deep-sea corals, and give up  a ll idea of a  zero of 
anim al life, still we m ust regard Forbes’ investiga
tion in to  th e  bathym etrical d istribu tion  of animals 
as m arking a great advance ou previous knowledge. 
H is experience was m uch w ider th an  th a t of any 
other n a tu ra lis t of his tim e ; the practical difficulties 
in  th e  way of testing  his conclusions were great, and 

1 1*Mward Forbes, N a tu ra l H isto ry  o f th e  E uropean Seas, p. 26.
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they  were accepted by naturalists generally w ithout 
question.

The history of discovery bearing upon th e  ex ten t and 
distribution of the deep-sea fauna w ill be discussed in  
a  fu tu re chapter. I t  w ill suffice a t  present to  m ention 
in  order th e  few data  which gradually prepared the 
m inds of natu ra lists  to  d istrust th e  hypothesis of a 
zero of anim al life a t a  lim ited depth, and led to  the 
recent special investigations. I n  th e  year 1819 Sir 
John  Ross published th e  official account of his voyage 
of discovery during th e  year 1818 in  Baffin’s B ay.1 
A t page 178 he says, “  I n  the m eantim e I  was em
ployed on board in  sounding and in  try ing  th e  cu r
rent, and the tem perature of the water. I t  being- 
perfect ly calm  and smooth, I  had an  excellent oppor
tu n ity  of detecting these im portan t objects. Sound
ings were obtained correctly in  1,000 fathoms, 
consisting of soft mud, in  which there were worms, 
and, entangled on th e  sounding line, a t  th e  depth 
of 800 fathom s, was found a  beautifu l Caput Medusa* 
(Fig. 1). These were carefully preserved, and  w ill be 
found described in  the appendix.” This was in  lat. 
73° 37' N ., long. 77° 25' W ., on th e  1st of September, 
1818, and it is, so far as I  am  aware, th e  first recorded 
instance of living anim als having been brought 
up from any depth approaching 1,000 fathom s. 
G eneral S ir Edward Sabine, who was a m em ber of 
S ir Jo h n  Ross’s expedition, has kindly furnished Dr.

1 A  V oyage o f D iscovery m ade under the  O rders o f the  A dm ira lty  
in  H is  M ajesty’s ships ‘ Isabella’ an d  ‘ A lexander,’ fo r th e  purpose 
o f exploring Baffin’s Bay, and  inqu iring  in to  th e  P ossib ility  o f a 
N orth-w est Passage. By Jo h n  Boss, K .G ., C aptain  Boyal N avy. 
London, 1819.
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Carpenter w ith sóme more ample particulars of this

F io . 1 .— A n tc ro p h y lo n  l in c k i i ,  M Um .br and  T r o s o r e u  A young specim en  slig h tly
en larged. No. 73.

occurrence :1—“  ‘ The ship sounded in  1,000 fathoms, 
m ud, between one and two miles off shore (lat.

'  P r e l im in a r  R eport, by D r. W illiam  B . C arpenter, V .P .R .S ., of 
D redg ing  O perations in th e  Seas to the  N orth  o f  th e  B ritish Islands, 
carried on in H e r  M ajesty 's steam* vessel ‘ L igh tn ing ,’ by  D r. 
C arpen ter an d  D r. W yvillo  Thom son. (P roceedings o f  th e  Royal 
Society, 18(18, p. 177.)
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73° 37' N., long. 77° 25' W .) ; a  magnificent A sterias 
( Caput Meclusœ) was entangled by th e  line, and 
b rough t up w ith very little  damage. The m ud was 
soft and greenish, and  contained specimens of L u m 
bricus t u b i c o l a So far m y w ritten  jou rnal ; b u t I  
can add, from a very d istinct recollection, th a t the 
heavy deep-sea w eight had  sunk, draw ing th e  line 
w ith  it, several feet in to  th e  soft greenish m ud, 
w hich still adhered to  th e  line when b rough t tö 
th e  surface of th e  water. The star-fish had been 
entangled in  th e  line so little  above th e  m ud th a t 
fragm ents of its arm s, w hich h ad  been broken off in  
th e  ascent of th e  line, were picked up from am ongst 
th e  m ud.”

Sir Jam es Clark Ross, R .N ., dredging in  270 
fathom s, la t. 73° 3 ' S., long. 176° 6 ' E ., reports : 1 
“ Corallines, F lustra , and a  variety  of invertebrate 
anim als, came up in  th e  net, showing an  abundance 
and great variety of an im al life. A m ongst these I  
detected two species of Pycnogonum ; Idotea  baffini, 
h itherto  considered peculiar to  th e  A rctic seas; a 
Chiton, seven or eight bivalves and univalves, an  un 
know n species of Gammarus, and two kinds of Serpula  
adhering to  th e  pebbles and shells . . .  I t  was in terest
ing  am ongst these creatures to recognize several th a t 
I  had been in  th e  hab it of tak ing  in  equally  high 
no rthern  la titu d es; and  although, contrary  to  th e  
general belief of naturalists, I  have no doubt th a t, 
from  however great a depth we m ay be enabled to 
b rin g  up th e  m ud and stones of th e  bed of th e  ocean,

1 A  V oyage o f D iscovery an d  Research in  th e  S o u th ern  and 
A ntarc tic  Regions du rin g  th e  Y ears 1839-43 . Ry C ap ta in  S ir  
Jam e s  C lark  Ross, R .N . London, 1847.
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we shall find them  teem ing w ith  anim al life ; th e  ex
trem e pressure a t  th e  greatest depth does no t appear 
to  affect these creatures ; h itherto  we have no t been 
able to  determ ine th is  poin t beyond a thousand 
fathom s, b u t from  th a t depth several shell-fish have 
been brought up w ith th e  m ud.”

O n th e  28th of Ju n e  1845, Mr. H enry Goodsir, 
who was a m em ber of S ir Jo h n  F ran k lin ’s ill-fated 
expedition, obtained in  Davis’ S tra it from a  depth of 
300 fathom s, “ a  capital haul,—mollusca, crustacea, 
asterida, spatangi, corallines, &c.” 1 The bottom  was 
composed of fine green m ud like th a t m entioned by 
Sir Edw ard Sabine.

A bout th e  year 1854 Passed-midshipm an Brooke, 
U .S .N ., invented his ingenious sounding instrum ent 
for bringing  up  samples from  the bottom . I t  only 
b rough t up a  sm all quan tity  in  a quill. These trophies 
from any depth over 1,000 fathom s were eagerly sought 
for by natu ra lists  and subm itted  to  searching m icro
scopic exam ination ; and th e  resu lt was very surpris
ing. A ll over th e  A tlan tic  basin th e  sedim ent brought 
up  was nearly uniform  in  character, and consisted 
alm ost entirely of th e  calcareous shells, whole or in  
fragm ents, of one species of foram inifer, Globigerina 
bulloides (Fig. 2). M ixed w ith these were th e  shells 
of some other foraminifera, and  particu larly  a little  
perforated sphere, Orbulina universa (Fig. 3), which 
in  some localities entirely replaces Globigerina ; 
w ith  a few shields of diatoms, and spines and 
trellised skeletons of Radiolaria. Some soundings 
from  th e  Pacific were of th e  same character, so

» N atu ra l Ilia to ry  o f  th o  B ritish  Seas. By Professor Edw ard 
Forbes and  R . G odw in-A usten. P . 51.
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th a t  it seemed probable th a t  th is  gradual deposition 
of a tine uniform  organic sedim ent was alm ost 
universal.

Then the question arose w hether th e  anim als which 
secreted these shells lived a t  th e  bottom , or w hether 
they floated in  m yriads on the surface and  in  the 
upper zones of the sea, th e ir em pty  shells falling 
after death through th e  w ater in  an  incessant shower. 
Specimens of the soundings were sen t to the em inent

F r o .  2 .— G l u h i j t r i n a  lo t t io id e a ,  D ' U r b i o n y .  H i g h l y  m a g n i f i e d .

microscopists Professor E hrenberg  of B erlin and th e  
late Professor Baily of W est Point. On th e  m oot 
question these two naturalists gave opposite opinions. 
E hrenberg  contended th a t  th e  w eight of evidence 
was in favour of th e ir having lived a t  the bottom , 
while Baily though t it  was not probable th a t the 
anim als live a t the depths where th e  shells are 
found, b u t th a t they inhab it th e  w ater near the
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surface, and w hen they die th e ir shells settle to the 
bottom .1

The nex t h igh  au thority  who expressed an opinion 
was Professor H uxley, and he was very guarded. The 
samples procured by Capt. D aym an in th e  ‘Cyclops/

F io .  S .— O r b u lin a  u n iv e r s a ,  D ’O r b io n y .  H ig h ly  m ag n ified .

in  1857, were subm itted to  him  for exam ination, and 
in his report to  the A dm ira lty2 in  1858 he says :—

1 E xp lana tions an d  Sailing  D irections to  accom pany th e  W in d  and  
C urren ts C harts. B y  M . F . M aury, L L D .,  L ieu t. U .S .N ., S uper
in te n d e n t of th e  N ational O bservatory. 6 th  E dition . Philadelphia, 
1864. P . 299.

2 A ppendix  A  to  D eep Sea Soundings in  th e  N o rth  A tlan tic  Ocean 
betw een Ire lan d  and  N ew foundland , m ade in  H .M .S. ‘ Cyclops,’ 
L ieut.-C om m ander Joseph  D aym an, in  J u n e  an d  J u ly  1857. P u b 
lished b y  order o f th e  Lords Com m issioners o f th e  A dm iralty. 
London, 1858.
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“ How can anim al life be conceived to  exist under 
sueli conditions of ligh t, tem perature, pressure, and 
aeration as m ust obtain a t  these vast depths ? To th is 
one can only reply th a t we know for a  certainty th a t 
even very highly-organized anim als do contrive to  live 
a t  a  depth of 300 or 400 fathom s, inasm uch as they 
have been brought up thence, and  th a t  th e  difference 
in  th e  am ount of lig h t and heat a t  400 and a t  2,000 
fathom s is probably, so to  speak, very far less th an  
th e  difference in  complexity of organization between 
these animals and the hum ble Protozoa and  Proto- 
phy ta  of th e  deep-sea soundings. I  confess, though, 
as yet, far from  regarding i t  proved th a t th e  Glo
bigerina  live a t these depths, th e  balance of proba
bilities seems to  me to incline in  th a t direction.”

I n  1860 D r. W allich accompanied C aptain  S ir 
Leopold M cClintock in  H.M .S. ‘ Bulldog * on her 
sounding expedition to  Iceland, Greenland, and  New
foundland, as naturalist. D uring  th e  cruise soundings 
were taken, and specimens of th e  bottom  were brought 
up from depths from 600 to  2,000 fathom s ; m any of 
these were th e  now well-known grey ‘G lobigerina ooze/ 
while others were volcanic detritus from Iceland, and 
clay and gravel th e  product of the disintegration of the 
m etam orphic rocks of Greenland and Labrador. On 
th e  re tu rn  voyage, about midway between Cape F a re 
well and lloekall, th irteen  star-fishes came up  from  a 
sounding of 1,260 fathoms, “ convulsively em bracing 
a portion of the sounding-line w hich had been payed 
ou t in  excess of the already ascertained depth, and 
rested for a sufficient period a t  th e  bottom  to perm it 
of th e ir attach ing  themselves to  it.” On his re tu rn  
D r. W allich  published in  1862, an extrem ely valuable
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work which will be frequently referred to  hereafter, 
upon ‘ The A tlan tic  Sea bed.’ 1 H e w arm ly advocated 
th e  view th a t  th e  conditions of th e  bottom  of th e  sea 
were no t such as to  preclude th e  possibility of the 
existence of even th e  h igher forms of anim al life, and 
discussed fu lly  and w ith  great ab ility  th e  argum ents 
w hich had been advanced on th e  o ther side. The first 
p a r t only of Dr. W allich’s book appeared, in  a  some
w hat costly and cum brous form, and i t  scarcely came 
in to  th e  hands of working naturalists, or received the 
a tten tion  w hich i t  deserved. A t th e  tim e, 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, b u t th e  absolute proof was still w anting th a t 
they  had lived upon th e  ground a t  th e  depth of the 
sounding. D r. W allich referred th e  star-fishes procured 
to  a  well-known litto ra l species, and complicated the ir 
h istory  somewhat irrelevantly  w ith  th e  disappearance 
of th e  * L and of Buss.’ F ortunate ly  th e  artis tic  if  
no t very satisfactory figure which he gives of a star
fish clinging to  th e  line does no t bear out his deter
m ination  e ither in  appearance or a ttitu d e , b u t suggests 
one or o ther of tw o species w hich we now know to  
be excessively abundan t in deep w ater in  th e  N orth  
A tlan tic , Ophiopholis aculeata, O. F . M ü l l e r ,  or 
Ophiacantha spinulosa, M ü l l e r  and T r o s c h e l .

1 T h e  N o rth  A tlan tic  Sea-bed : com prising a  D ia ry  o f  th e  Voyage 
on board  H .M .S . ‘ B ulldog,’ in  1 8 6 0 ; and  O bservations on  the  
presence o f  A n im al L ife, an d  th e  Form ation  an d  N a tu re  o f Organic 
D eposits a t  g rea t D ep th s  in  th e  Ocean. By G . C. W allich , M .D ., 
F .L .S ., F .G .S ., &c. P u b lish ed  w ith  th e  sanction  o f th e  L ords Com
m issioners o f th e  A dm ira lty . London, 1862.
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D r. W allicli’s is the only book which discusses fully 
and system atically th e  various questions hearing 
upon the biological relations of th e  sea-bed, and his 
conclusions are in  the m ain correct.

I n  th e  au tum n of th e  year 1860 Mr. Fleem ing 
Jenkin , C.E., now Professor of Engineering in  the 
U niversity of E dinburgh, was employed by the 
M editerranean Telegraph Company to  repair the ir 
cable between Sardinia and Bona on th e  coast of 
Africa, and on Jan u ary  15, 1861, he gave an  in terest
ing account of his proceedings a t  a  m eeting of th e  
In s titu tio n  of Civil Engineers.1

This cable was laid in  th e  year 1857. In  1858 it 
became necessary to  repair it, and a  leng th  of about 
30 miles was picked up and successfully replaced. 
In  th e  sum m er of 1860 the cable completely failed. 
On tak ing  i t  up in  com paratively shallow w ater ou 
th e  African shore, th e  cable was found covered w ith 
m arine animals, g reatly  corroded, and injured appa
rently  by th e  traw ling  operations in  an  extensive 
coral fishery through which i t  unfortunately  passed. 
I t  was broken through in  70 fathom s w ater a  few 
miles from Bona. The sea-end was however recovered, 
and i t  was found th a t th e  cable which thence traversed 
a  wide valley nearly 2,000 fathom s in  m axim um  
depth, was perfect to  w ith in  about 40 miles of Sar
dinia. I t  was then  picked up from  th e  Sardinian end, 
and th e  first 39 miles were as sound as w hen it was 
first laid down. A t th is  distance from th e  shore there  
was a  change in  th e  n a tu re  of th e  bottom , evidenced 
by th e  different colour of th e  m ud, and th e  wires were

1 M inutes o f  P roceedings o f th e  In s titu tio n  o f C ivil Engineers, 
w ith  A bstracts o f the  D iscussions. Vol. xx. p. 81. L ondon , 1861.
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m uch corroded. Shortly afterwards th e  cable gave 
way in a depth of 1,200 fathom s, a t a distance of one 
mile from  th e  spot where th e  electrical tests showed 
th a t the cable had been previously broken.

W ith  these 40 miles of cable m uch coral and many 
m arine anim als were brought up, but it  did no t appear 
th a t the ir presence had injured th e  cable, for they 
were attached to th e  sound as well as to th e  corroded 
portions: On his re tu rn , Mr. F leem ing Jen k in  sent 
specimens of th e  anim als which he had him self taken 
from  the cable, noting the respective depths, to P ro
fessor A llm an, F .R .S . for determination. Dr. A llm an 
gives a list of fifteen anim al forms, including the ova 
of a cephalopod, found a t  depths of from 70 to  1,200

Kiu. 4. — C a ryn iih y llin  boreal h ,  F le m in g . T w iro  th o  im tum l size. No. 45.

fathom s. O n other portions of the cable species of 
G rantia, P lum ularia , Gorgonia, Caryophyllia, A lcy 
onium ., Cellepora, Retepora , Eschara , Salicornaria, 
A scid ia , L im a , and  Serpula. I  observe from Professor
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Fleem ing Jen k in ’s private journal, which he has 
kindly placed in  my hands for reference, th a t an  
exam ple of Caryophyllia, a  tru e  coral (Fig. 4), was 
found natura lly  attached to th e  cable a t th e  poin t 
where i t  gave w ay; th a t  is to  say, a t th e  bo ttom  in  
1,200 fathom s water.

Some portions of th is cable subsequently came into 
th e  custody of M . M angón, Professor a t  th e  Ecole 
des Ponts et Chaussées in  Paris, and  were exam ined 
by  M. Alphonse M ilne-Edwards, who read  a paper 
upon  th e  organisms attached to  them , a t  th e  Academy 
of Sciences, on th e  15th  of Ju ly , 1861.1 A fter some 
introductory rem arks w hich show th a t he is thoroughly 
aware of th e  value of th is  observation as a  final 
solution of th e  vexed question of th e  existence of 
anim al life a t  depths in  the sea greatly  beyond the 
supposed ‘zero* of Edw ard Forbes, M. M ilne- 
Edw ards gives a  lis t of th e  anim als which he found on 
th e  cable from th e  depth  of 1,100 fathom s. T he list 
includes M urex lamellosus, C r i s t o f o r i  and  J a n ,  and 
Craspedotus limbatus, P h i l i p p i ,  two univalve shells 
allied to  th e  w helk ; Ostrea cochlear, P o l i ,  a sm all 
oyster common below 40 fathom s throughout th e  
M editerranean; Pecten testœ, B i v o n a , a ra re  little  
clam  ; Caryophyllia borealis, F l e m i n g ,  or a  nearly 
allied species, one of the tru e  corals ; and  an  unde
scribed coral referred to  a  new genus and species 
under th e  nam e of Thalassiotrochus telegraphicus, 
A. M i l n e - E d w a r d s .

1 O bservations su r l’Existence do divers M ollusques e t Zoophytes à 
d e  trè s  grandes profondeurs dans la  M er M éditerranée : A nnales des 
Sciences N a tu re lles ; quatrièm e série— Zoologie. Tom e xv. p. 149. 
P a ris , 1861. *
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I t  is rig h t, however, to  state th a t Prof. Pleem ing 
Jen k in ’s notes refer to  only one or tw o species, and 
especially to Caryophyllia borealis, as attached  to  the 
cable a t  a depth of upwards of Í ,000 fathoms. Erom  
th is depth he took examples of Caryophyllia w ith  his 
own hands, b u t he suspects th a t  specimens from the 
shallower water m ay have got mixed w ith  those from 
th e  deeper in  th e  series in  the possession of M. 
M angón, and th a t therefore M. Milne-Edwards* list is 
no t entirely trustw orthy.

U p till  th is tim e all observations w ith  reference to 
th e  existence of living anim als a t extrem e depths had 
been liable to  error, or a t all events to  doubt, from 
two sources. The appliances and methods of deep- 
sea sounding were imperfect, and there  was always 
a possibility, from the action of deep curren ts upon 
the sounding line or from other causes, of a  greater 
depth being indicated th an  really existed ; and again, 
although there was a strong probability, there  was 
no absolute certainty th a t th e  anim als adhering to 
th e  line or entangled on th e  sounding instrum ent 
liad actually  come up from the bottom . They m ight 
have been caught on th e  way.

Before laying a subm arine telegraphic cable its 
course is carefully surveyed, and no m argin  of doubt 
is left as to tlie real depth. E isliing th e  cable up  is a 
delicate and difficult operation, and during its progress 
the depth is checked again and again. The cable lies 
on the ground throughout its  whole length. The 
anim al forins upon which our conclusions are based 
are not sticking loosely to  the cable, under circum 
stances which m ight be accounted for by th e ir having 
been entangled upon i t  during  its  passage through the
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w ater, b u t they are moulded upon its  outer surface or 
cemented to  i t  by calcareous or horny excretions, and 
some of them , such as the corals and bryozoa, from 
w hat we know of th e ir history and mode of life, m ust 
bave become attached to  i t  as m inute germs, and have 
grown to  m aturity  in th e  position in  which they  were 
found. I  m ust therefore regard th is observation of 
M r. Pleem ing Jenk in  as having afforded th e  first 
absolute proof of the existence of highly-organized 
anim als living a t depths of upwards of 1,000 fathoms.

D uring th e  several cruises of H .M . ships ‘L ig h t
n ing  * and ‘ Porcupine ’ in the years 18G8, 1869, and 
1870,1 fifty-seven hauls of the dredge were taken  in 
th e  A tlan tic  a t  depths beyond 500 fathom s, and sixteen 
a t depthsbeyond 1,000 fathom s, and in  all cases life was 
abundant. I n  1869 we took two casts in  depths greater 
than  2,000 fathom s. I n  both  of these life was abun
dant ; and w ith th e  deepest cast, 2,435 fathom s, off 
the m outh of th e  Bay of Biscay, we took living, well- 
m arked and characteristic examples of all of th e  five 
invertebrate sub-kingdoms. And thus th e  question of

1 P relim inary  R eport, by  D r. W illiam  C arpenter, V .P .R S .,  of 
D redging  O perations in  the  Seas to th e  north  o f th e  B ritish  Islands, 
carried on in  H er M ajesty’s steam -vessel ‘ L ig h tn in g ’ by D r. C arpenter 
an d  D r. W yville  Thom son, Professor o f N a tu ra l H isto ry  in Q ueens 
College, Belfast. (Proceedings o f the  Royal Society o f London, 18G8.)

P relim inary  R eport of th e  Scientific E xploration  o f th e  D eep Sea 
in  H .M . surveying-vessel * Porcupine,’ du rin g  the  Sum m er o f 18Gi>. 
C onducted by D r. C arpenter, Y .P .R .S ., J .  Gwyn Jelfreys, F .R .S ., and 
Professor W yville  Thom son, L L .D ., F .R .S . (Proceedings o f th e  Royal 
Society o f London, 1870.)

R eport o f D eep Sea Researches carried on during the  m onths of 
Ju ly , A ugust, and  Septem ber 1870, in II.M . surveying-ship * Poivn- 
p ine,’ by W . B. C arpenter, M .D ., E .R .S ., and  J . G w vn .lellVeys, E .P .S . 
(Proceedings o f the  Royal Society o f London, 1870.)
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th e  existence of abundant anim al life a t th e  bottom  
of the sea lias been finally settled and for a ll depths, 
for there is no reason to  suppose th a t the depth any
where exceeds between th ree and four thousand 
fathom s ; and if  there  be nothing in  the conditions of 
a depth of 2,500 fathom s to  prevent th e  fu ll develop
m ent of a varied fauna, it  is impossible to  suppose 
th a t even an  additional thousand fathom s would make 
any great difference.

The conditions which m ight be expected principally 
to  affect anim al life a t  g reat depths of th e  sea are 
pressure, tem perature, and the absence of lig h t which 
apparently  involves th e  absence of vegetable food.

A fter passing a  zone surrounding th e  land, which is 
everywhere narrow  compared w ith the ex ten t of the 
ocean, th rough w hich the bottom  m ore or less abruptly  
shelves downwards and th e  w ater deepens ; speaking 
very generally, th e  average depth of th e  sea is
2,000 fathom s, or about two miles ; as far below 
th e  surface as th e  average heigh t of th e  Swiss Alps. 
I n  some places th e  depth seems to  be considerably 
greater, possibly here and there  nearly double tha t 
am ount ; b u t these abysses are certainly very local, 
and the ir existence is even uncertain, and a vast por
tion  of the area does no t reach a depth  of 1,500 
fathoms.

The enormous pressure a t these great depths seemed 
a t first sight alone sufficient to  p u t any idea of life 
out of th e  question. There was a  curious popular 
notion, in which I  well remember sharing when a boy, 
th a t, in going down, th e  sea-w ater became gradually 
under th e  pressure heavier and  heavier, and th a t ali 
the loose th ings in the sea floated a t different levels.
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according to  th e ir specific w eight : skeletons of men, 
anchors and shot and  cannon, and last of a ll the 
broad gold pieces wrecked in  th e  loss of m any a 
galleon on th e  Spanish M ain ; th e  whole form ing a 
k ind  of ‘ false bottom  ’ to th e  ocean, beneath  which 
there  lay all th e  depth of clear s till w ater, which 
was heavier th a n  m olten gold.

The conditions of pressure are certainly very ex tra
ordinary. A t 2,000 fathoms a m an would bear upon his 
body a weight equal to tw enty locomotive engines, each 
w ith a long goods tra in  loaded w ith pig  iron. W e are 
ap t to forget, however, th a t w ater is alm ost incom
pressible, and th a t therefore the density of sea-water 
a t a  depth of 2,000 fathom s is scarcely appreciably 
increased. A t th e  depth  of a  mile, under a  pressure 
of about 159 atmospheres, sea-water, according to  the 
form ula given by Jam in , is compressed by th e  t t t  of 
its volume ; and a t  tw enty miles, supposing th e  law of 
th e  compressibility to  continue the same, by only i  of 
its volume—th a t is to  say, th e  volume a t  th a t  depth 
would be y of th e  volume of the same w eight of w ater 
a t  th e  surface. Any free air suspended in  th e  water, 
or contained in  any compressible tissue of an  anim al 
a t  2,000 fathoms, would be reduced to a  m ere fraction 
of its bulk, b u t an  organism supported th rough  all its 
tissues on a ll sides, w ithin and w ithout, by incom
pressible fluids a t  th e  same pressure, would not 
necessarily be incommoded by it. W e sometimes 
find when we get up in  the morning, by a rise of an 
inch in  the barometer, th a t nearly half a ton  has been 
quietly piled upon us during the n ight, b u t we expe
rience no inconvenience, ra ther a  feeling of exhilara
tion and buoyancy, since it  requires a little  less exer-



tion to move our bodies in  the denser medium. W e are 
already fam iliar, chiefly th rough  th e  researches of the 
la te  Professor Sara, w ith  a long lis t of anim als of all 
th e  invertebrate groups liv ing  a t  a depth  of 300 to 
400 fathom s, and consequently subject to  a  pressure 
of 1,120 lbs. on th e  square inch ; and off th e  coast of 
Portugal there  is a great fishery of sharks (Centros
cymnus coelolepis, Boc. and C a p . ) ,  carried on beyond 
th a t  depth.

I f  an  an im al so high in th e  scale of organization 
as a shark  can bear w ithout inconvenience the 
pressure of half a ton  on th e  square inch, i t  is a 
sufficient proof th a t the pressure is applied under 
circum stances which prevent its affecting i t  to  its 
prejudice, and there seems to  be no reason why 
it should no t to lerate equally well a pressure of 
one or two tons. A t all events i t  is a fact th a t 
th e  anim als of all th e  invertebrate classes which 
abound a t  a  depth  of 2,000 fathom s do bear th a t 
extrem e pressure, and th a t  they do no t seem to  be 
affected by i t  in  any way. W e dredged a t 2,435 
fathom s Scrobicularia n itida , M ü l l e r ,  a  species 
which is abundan t in  six fathom s and a t  all in te r
m ediate depths, and a t 2,090 fathom s a large Fusus, 
w ith  species of m any genera which are fam iliar a t 
m oderate depths. A lthough highly organized animals 
m ay live w hen perm anently subjected to  these high 
pressures, i t  is by no means certain  th a t they could 
survive th e  change of condition involved in  the pres
sure being suddenly removed. M ost of th e  mollusca 
and annelids b rough t up in  the dredge from beyond
1,000 fathom s were either dead or in a very sluggish 
state. Some of th e  star-fishes moved for some time
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feebly, and th e  spines and pedicellariæ  moved on the 
shells of th e  urchins, h u t a ll th e  anim als had  evi
dently received from some cause the ir death-shock. 
Dr. Perceval W righ t m entions1 th a t  a ll th e  sharks 
brought up by th e  long lines from  500 fathom s in 
Setubal B ay are dead when th ey  reach  th e  surface.

Various methods have been proposed to  te s t the 
actual pressure a t g reat depths, b u t as a ll th e  elements 
in  th e  calculation are well known, i t  is easier to  work 
ou t the question in  th e  study th a n  in  th e  field. A 
neat instrum ent was constructed for th e  A m erican 
Coast Survey. A  brass piston or p lunger was fitted 
accurately into a  cylindrical hole in  th e  w all of a brass 
w ater-tight chamber. The cham ber was completely 
filled w ith  w ater, and a  clasping index on th e  plunger 
m arked to  w hat ex ten t th e  p lunger had  been driven 
into  th e  w ater contained in th e  cham ber by the 
extreme pressure. The required indication is no 
doubt given, bu t such an in strum ent is a t  th e  same 
tim e an  extremely delicate thermoscope, and u n til 
lately there has been no perfect means of correcting 
for tem perature. A  m ore im portan t application of 
th e  pressure gauge is to  check th e  accuracy of deep 
soundings. Probably th e  best arrangem ent which 
has been proposed for th e  purpose is a long capil
lary  glass tube, calibrated and graduated  to  m illi
metres, open a t one end, and provided w ith  a  moveable 
index to show to  w hat am ount th e  a ir  contained in  
th e  tube has been compressed by the entrance of th e  
w ater. The principal objection to th is device is the

1 N otes on D eep *Sea D redging, by E dw ard  Terccval W rig h t, M .D ., 
F .L .S ., Professor o f Zoology, T rin ity  College, D ub lin . (A nnals and  
M agazine o f N atu ra l H isto ry , Decem bor 1808.)
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great difficulty in arranging an  index which will 
m easure w ith  accuracy the extrem ely small space into 
which even a  long column of a ir is compressed when 
the pressure becomes very great. I t  can scarcely be 
made available beyond 1,000 fathom s (200 atm o
spheres).

W e have in Sir Jo h n  H e rsc h e li ‘ Physical Geo
graphy,’1 and in  D r. W allich’s ‘ A tlan tic  Sea-bed,’2 
where i t  is given in  th e  fullest detail, th e  doctrine of 
th e  d istribu tion  of deep-sea tem perature as i t  seems 
to have been alm ost universally adopted up till th e  
tim e of th e  cruise of th e  * L igh tn ing .’ I t  was gene
rally  understood th a t while the surface tem perature, 
which depended upon direct solar radiation, the 
direction of currents, the tem perature of winds, and 
other tem porary causes, m igh t vary to any am ount ; 
a t  a certain  depth th e  tem perature was perm anent a t 
4° C., th e  tem perature of th e  greatest density of fresh 
water. I t  is singular th a t th is belief should have met 
w ith  so general acceptance, for so early  as th e  year 
1833 M. D epretz3 determ ined th a t th e  tem perature 
of th e  m axim um  density of sea-water, w hich contracts 
steadily ti ll  ju s t  above its  freezing-point, is —3°*67 C. ; 
and even before th a t  tim e observations of seartempe- 
ra tu res a t  g reat depths, which were certainly tru st
w orthy w ithin a  few degrees, had  indicated severa. 
degrees below th e  freezing-point of fresh water.

The question of th e  d istribu tion  of heat in  th e  sea,

1 P h y sica l G eography ; from  th e  "  Encyclopaedia B ritannica.” By 
S ir  Jo h n  F . W . H erschel, B art. K .H . &c. &c., p. 45. E d inburgh , 1861.

2 A tlan tic  Sea-bed, p . 98.
:i Recherches su r lo M axim um  de  D ensité des D issolutions aqueuses. 

(A nnales do C him ie, tomo lxx . 1833, p. 54.)
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which is one of th e  greatest in terest in  connection 
w ith  th e  distribution of m arine anim als, w ill be fully 
discussed in a fu tu re  chapter. The broad conclusions 
to  which we have been led by la te  investigations are, 
th a t instead of there being a perm anent deep layer of 
w ater a t  4° C. th e  average tem perature of th e  bottom 
of the deep sea in  tem perate and trop ical regions is 
about 0° C., the freezing-point of fresh w ater ; and tha t 
there is a general surface m ovem ent of w arm  water, 
produced probably by a  com bination of various causes, 
from  the equatorial regions towards th e  poles, and a 
slow under-current, or ra th e r indraught, of cold water 
from  th e  poles tow ards th e  equator. F rom  cases 
which are recorded, chiefly by th e  earlier American 
sounding expeditions, of th e  sounding-line having been 
ru n  ou t in to  long loops in  soundings where, from the 
natu re  of th e  sea-bed, th e  bottom  w ater appeared to 
be still, i t  would seem th a t th e re  are also in  some 
places interm ediate cu rren ts; b u t w ith  reference to 
the ir lim its and d istribution we have as yet no data. 
T hat a  cold flow from th e  polar seas passes over the 
bottom  seems to be proved by th e  fact th a t  in  all 
parts of the world wherever deep tem perature sound
ings have been taken, from th e  arctic  circle to  the 
equator, th e  tem perature sinks w ith  increasing depth, 
and is lower a t the bottom  th an  th e  norm al tem pera
tu re  of the crust of the earth  ; an evidence th a t  a 
constantly renewed supply of cold w ater is cooling 
down th e  surface of th e  crust, which, being a bad con
ductor, does no t transm it heat w ith sufficient rapidity  
to affect perceptibly the tem perature of the cold in 
draught. I t  is probable th a t in winter, in those parts 
of th e  arctic sea which arc no t directly influenced by
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th e  northern  extension of th e  gu lf stream , th e  whole 
colum n of w ater from th e  surface to  th e  bottom  is 
reduced to  th e  lowest tem perature which it w ill bear 
w ithout freezing, and is th u s  an  am ple source of the 
coldest w ater of th e  highest specific gravity.

The proof th a t  th e  flow of th e  cold indraught is 
alm ost secular in  its  slowness, is th a t over a  large 
portion of the ocean where th e  low bottom  tem pera
tu re  is know n to prevail, th e  sea-bed is covered with 
a light fleecy deposit of microscopic organisms of 
great delicacy, into w hich th e  sounding-lead has in 
some instances sunk  several feet, and which m ust 
inevitably be drifted away by a curren t of appreciable 
velocity. I n  a ll places where any perceptible curren t 
exists, the bottom  consists of sand or m ud or gravel 
and rolled pebbles. I n  some cases also, sounding in  
th e  deep w ater of th e  m id-A tlantic, th e  line, after 
run n in g  ou t greatly in  excess of th e  depth, has been 
found to have coiled itse lf in  a tangled mass righ t 
over th e  lead—a  proof of alm ost absolute stillness.

In  some places, owing to  th e  conformation of the 
neighbouring land  or of th e  sea-bottom, w arm  and 
cold curren ts 'are  circum scribed and localized, and this 
sometimes gives us th e  singular phenom enon of a 
patch or stripe of w arm  and  a  patch  of cold sea m eet
ing in  an  invisible bu t very definite line. There is a 
curious instance of th is  in  the ‘ cold wall ’ which 
defines th e  w estern border of th e  gulf stream  along 
th e  coast of M assachusetts, and another scarcely less 
m arked which we discovered during  the tria l cruise 
of th e  ‘ L igh tn ing  ’ has been fully described by Dr. 
C arpenter in  his report of th a t cruise, and will be 
referred to hereafter.
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In  moderate depths sometimes th e  whole mass of 
w ater from the surface to  th e  bottom  is abnormally 
warm, owing to  th e  m ovem ent in  a  certa in  direction 
of a  g reat body of w arm  w ater, as in  th e  c w arm  area ’ 
to the north-west of th e  Hebrides ; and sometimes the 
whole body of w ater is abnorm ally cold, as in  the 
‘ cold area * between Scotland and Fdferoe, and in  the 
northern p a rt of the Germ an Ocean. I n  deep w ater 
however, after the first few hundred fathom s, the 
therm om eter usually sinks g radually  and  very slowly 
till  i t  reaches its  m inim um  a t th e  bottom , a  little  
above or below the zero of the centigrade scale.

The tem perature of th e  sea apparen tly  never sinks 
a t any depth below —3°*5 C., a degree of cold which, 
singularly enough, is no t inconsistent w ith  abundant 
and vigorous anim al life, so th a t  in  th e  ocean, except 
perhaps w ithin th e  eternal ice-barrier of th e  an tarc tic  
pole, life seems nowhere to be lim ited by cold. B ut 
although certain sea-animals—m any of them , such as 
th e  siphonophora, th e  salpæ, and th e  ctenophorous 
medusæ, of the m ost delicate and complicated organiza
tion—are to leran t of such severe cold, i t  would appear 
to  be tem perature alm ost entirely which regulates the 
distribution of species. The n a tu re  of th e  ground 
can have little  to say to it, for on every line of coast 
of any ex ten t alm ost every condition and  every kind 
of sediment is usually represented. F rom  th e ir  in h a
b iting  a  medium which differs b u t little  in  w eight 
from  th e  substance of their bodies, and from th e  great 
m ajority of them  producing free-moving larvæ  or fry 
in vast num bers which are floated along from place 
to place by currents, m arine anim als would seem to 
have every possible chance of extending th e ir  arca,
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and y e t th e  geographical d istribution of m ost of the 
shallow-water species is well defined, and frequently 
somewhat restricted. U nfortunately  we know as yet 
very little  about th e  general d istribu tion  of m arine 
anim als. E xcept along th e  coasts of B rita in  and 
Scandinavia, a  p a r t of th e  N orth  Am erican coast, and 
a  p a r t of th e  M editerranean, we know absolutely 
nothing beyond th e  shore zone, or a t a ll events beyond 
10 or 15 fathoms. W h at little  we do know is con
fined alm ost entirely  to  th e  mollusca, and  is due, not 
so m uch to  scientific research as to th e  commercial 
value w hich th e  acquisitive zeai of conchologists has 
placed upon rare  shells. I t  m ay be supposed, how
ever, th a t th e  same laws which regulate  th e  d istri
bu tion  of litto ra l and sub-littoral mollusca, affect in 
like m anner th a t  of shallow-water annulosa, echino- 
derms, and  cœ lenterates ; indeed, from the scattered 
observations w hich have been m ade on th e  distribu
tion  of these la tte r  groups, i t  seems certain  th a t such 
is th e  case.

W oodw ard1 regarded the m arine mollusca as occupy
ing  eighteen well-defined * provinces,’ fulfilling more 
or less completely th e  condition of having a t least one- 
h a lf  of th e  species peculiar to  th e  province. Edw ard 
Eorbes defined twenty-five sueli ‘regions;’ b u t i t  m ust 
be rem embered th a t in  both  cases a t least three-fourths 
of th e  num ber of areas defined were based upon the 
m ost im perfect knowledge of th e  larger and more con
spicuous shore shells only. I t  has been constantly 
observed in  th e  few cases confined entirely to  the 
shores of th e  N orth  A tlan tic  and th e  M editerranean,

1 A  M anual o f th e  M ollusca. By S. I '. W oodward. London, 1851, 
P . 354.
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in which dredging has been a ttem pted  a t  any  consider
able depth, say 30 or 40 fathom s, th a t  th e  num ber of 
species common to th e  province dredged and  to the 
province to th e  north  of it, is g rea tly  increased 
by th e  investigation being carried in to  a deeper zone.' 
Thus in  th e  lusitanian  province Mr. M cAndrew 
dredged off th e  coast of Galicia and A sturias, 212 
species, 50 per cent, of which were common to  the 
coast of Norway ; and off th e  south  of Spain 335 
species were obtained, of w hich 28 per cent, were 
common to  Norway (boreal province), and 51 per 
cent, to B ritain  (chiefly celtic province). T he shells 
common to  the two or th ree provinces were chiefly 
those dredged from considerable depths. The litto ra l 
forms had a  m uch m ore d istinct aspect. The mollusca 
of the * Porcupine ’ expedition have n o t y e t been 
thoroughly worked out. They are in th e  hands of 
Mr. Gwyn Jeffreys, and his prelim inary reports give a 
most in teresting  forecast of w hat we m ay expect when 
his labour is completed. I le  announces som ething 
like 250 new species. Some of th e  m ore in teresting  
of these, and th e  general phenom ena o f th e ir d istri
bution, w ill be referred to in  a  fu tu re  chapter.

The echinoderms of th e  expedition are m ore lim ited 
in  num ber, and have already been exam ined by the 
w riter w ith some care. The general d istribu tion  of 
th e  Echinoderm ata is not so well kuown as th a t  of the 
Mollusca. There are m any litto ral and sub-littoral 
species. M any of these are local, bu t many have a 
wide geographical distribution, usually along w hat 
Edw ard Forbes calls a ‘ liomoiozoic b e l t /  a belt of 
nearly sim ilar circum stances of clim ate extending

'  W oodw ard, loc. cit. p . 362.



i'I IA l'.  I.J L \ m u i ) U C T l ü N . 4 1

th rough  m any degrees of longitude, bu t few of latitude. 
As a class, however, they  prefer a depth ra th e r beyond 
20 fathom s,1 beyond th e  reach of very violent climatic 
vicissitudes. They are conspicuous th ings, showing 
usually sufficiently bold specific characters, and thus 
they  are less liable to  confusion th a n  m ost o ther groups. 
They involve in  th e ir history and economy several of 
th e  principal questions discussed in  th is  volum e; while 
giving, therefore, such a b rief sketch as the space at 
my disposal and th e  am ount of my present inform a
tion m ay perm it, of th e  additions which have' been 
made during  our dredging cruises to  the knowledge 
of th e  o ther invertebrate classes, I  w ill use th e  echi- 
noderm s and th e  protozoa principally for th e  purpose 
of general illustration.

L itto ra l and shallow-water species of anim als m ust 
be m uch m ore liable to  have th e ir m igrations in ter
rup ted  by ‘ n a tu ra l b a rrie rs / such as deep w ater 
th rough  which they  cannot pass, or currents of 
w arm er or of colder w ater; they  m ust likewise be 
m uch m ore affected by local circum stances, such as 
extrem e differences betw een sum m er and w inter tem 
perature ; so th a t they  m igh t be expected to  be more 
circum scribed and  local in th e ir distribution th an  the 
denizens of greater depths—and they certainly are so. 
The conditions of the bottom  in  th e  zone from 20 to 
50 fathom s are m uch more equable th an  near the 
surface. D irect solar radiation in  tem perate regions 
affects th is  zone very slightly , so th a t it  probably

1 D is trib u tio n  o f  M arino L ife. By Professor E dw ard  Forbes, F .R  S., 
P residen t o f th e  Geological Society. (F rom  th e  P hysical A tlas o f 
N atu ra l Phenom ena, by  A lexander K e ith  Johnston , F .R .G .S ., &c. 
E d in b u rg h , 1 8 ñ l.)
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m aintains nearly th e  same conditions of tem perature 
th rough  m any degrees of la titu d e ; and  w hen as it 
passes southwards it  does become gradually  affected 
by increasing w arm th, i t  m ay be supposed merely to 
sink a few fathom s deeper, carrying its  conditions and 
its fauna along w ith  it. F o r exam ple, an im al forms 
which abound in  th e  celtic province a t  25 fathoms 
w ith  a  mean tem perature of 10° C., m ay be expected in 
greatest num ber in  perhaps 40 or 50 fathom s, w ith 
th e  same tem perature, in  th e  lusitan ian  province. 
Sueli a zone m ay th u s  be continuous for a  great dis
tance, while th e  surface clim ate has been altering  
greatly, and th e  m igrations of litto ra l forms have 
been again and again in terrupted . B u t th e  deeper 
zone also sometimes m eets w ith  a ‘ n a tu ra l barrier,’ 
as a t  th e  line of junc tion  between th e  w arm  and  cold 
areas already m entioned; w hich causes a  curious sift
ing ou t of those species which are in to leran t of a 
change of tem perature. Thus th e  fauna of th e  tem 
perate northw ard flow of w ater off th e  west coast of 
Scotland is m aterially different from  th a t of th e  cold 
indraught along the east coast.

I f  there  be th is overlapping between th e  lusitanian  
and celtic provinces, th e  same relation m ay be an tic i
pated between our own and th e  boreal province ; and 
i t  is well know n th a t th is is the case, for th e  great 
m ajority of the mollusca which have been dredged by 
McAndrew, Barlee, and especially by Gwyn Jeffreys, 
from  depths below 50 fathoms, are identical w ith those 
found in  shallower water on the Scandinavian coast. 
O ur recent work, while it  has brought ou t m ore fully 
th e  overlapping, lias gone much farther tow ards (lie 
indication of a general law.
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I t  seems probable th a t th e  d istribution of marine 
anim als is determ ined by th e  extremes of tem perature 
ra th e r than  by th e  means. The m ean w inter tem pera
tu re  of th e  surface and of m oderate depths off the 
north  coast of Norway is about 2° C., and th e  extreme 
about 0° 0 . ; and on th e  coast of G reenland th e  mean 
sinks to  —I o C., and th e  extrem e to —3° C.

The tem perature  of th e  trough between Scotland 
and Fæ roe a t  the depth of 500 fathom s is from 0° to 
—1° C., and we find in  th a t  trough , along w ith  m any 
undescribed forms which are special to  very deep 
w ater, every one of th e  ecliinoderms h itherto  found 
on th e  coast of Scandinavia and Greenland, w ith  the 
single exception, I  believe, of Ophioglypha stiiioitzii, a 
shallow-water Greenland form  am ong th e  ophiurids, 
and of one or two holotliurids which have as yet 
evaded us.

The tem perature of the telegraphic plateau a t  1,000 
to  2,000 fathom s is apparently  usually from 3° to 2° C., 
and a t 2,500 fathom s in  th e  Bay of Biscay i t  is 2° C. 
F rom  800 to  2,000 fathom s a ll along th e  w est coasts 
of Scotland, Ire land , and  France, we have dredged 
Scandinavian ecliinoderms in  abundance, and from 
tb e  deep w ater as far south as th e  coast of Portugal 
I  have received examples of some of th e  best m arked 
northern  forms, such as Echinus elegans, D. and K . ; 
Toxopneustes drobacliiensis, O. F . M ü l l e r . ; Brissopsis 
lyrifera, F o r b e s  ; Tripylus fra g ilis , D .  and K .  ; the 
m agnificent Brisinga coronata, G. O. S a r s  (Fig. 7), 
and  B . endecacnemos, A b s j ü r n s e n ; F ierasfer m ili
taris, M . and  T .; Ophiacantha spinulosa, M. and T.; 
Ophiocten sericeum, F o r b e s ; Ophioglypha sarsii, 
L ü t k . ; A steronyx loreni, M. and T. ; and Astero-
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phytoii linckii, M. and  T ,  from  M r. Gwvn Jeffreys* 
dredgings in  1870. Deep-sea form s dredged round 
our coast identical w ith  no rthern  species have been 
usually regarded as ‘ boreal outliers* (Forbes), or at 
all events as species w hich have extended th e ir dis
tribu tion  from northern  centres. This idea probably 
arose in  a  g reat m easure from  th e ir having been 
discovered and first described in  Scandinavia. W e 
actually  know nothing about th e ir centres of d istri
bution ; a ll we know of them  is th a t they  are th e  in 
habitan ts of an  enormously extended zone of special 
therm al conditions, which ‘ crops out,* as it  were, or 
ra ther comes w ith in  range of th e  ord inary  m eans of 
observation, off th e  coasts of Scandinavia.

Edw ard Forbes pointed ou t long ago th e  k ind  of in 
verted analogy which exists between th e  d istribu tion  of 
land anim als and p lan ts and th a t of th e  fauna and flora 
of th e  sea. I n  th e  case of th e  land, w hile a t  th e  level 
of the sea there is, in  tem perate and  tropical regions, a 
luxu rian t vegetation w ith  a  correspondingly num erous 
fauna, as we ascend th e  slope of a  m ountain  range 
th e  conditions gradually become m ore severe ; species 
after species belonging to  th e  m ore fo rtu n a te  plains 
beneath disappear, and are replaced by o thers whose 
representatives are only to  be found on o ther m oun
ta in  ridges, or on th e  shores of an  arc tic  sea. I n  the 
ocean, on th e  other hand, there  is along th e  shore line 
and w ith in  th e  first few fathom s, a  rich  and varied 
flora and fauna, which participates and  sym pathises 
in  all the circum stances of clim ate which affect th e  
inhab itan ts of th e  land. As we descend, th e  condi
tions gradually  become more rigorous, the tem pera
tu re  falls, and alterations of tem perature arc less felt.
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Tho fauna becomes more uniform  over a larger area, 
and is m anifestly one of which th e  shallower water 
fauna of some colder region is to a  great extent a 
lateral extension. Going still deeper, th e  severity of 
th e  cold increases u n til we reach the vast undulating  
plains and valleys a t th e  bottom  of th e  sea, w ith  their 
fauna partly  peculiar and p artly  polar—a  region the 
extension of whose extrem e therm al conditions only, 
approaches the surface w ithin th e  arctic and  an tarctic 
circles.

W e have as yet very little  exact knowledge as to 
th e  distance to  which th e  sun ’s ligh t penetrates into 
th e  w ater of th e  sea. According to  some recent 
experim ents w hich w ill be referred to in  a  fu ture  
chapter, i t  would appear th a t  th e  rays capable of 
affecting a delicate photographic film are very rapidly 
cu t off, th e ir effect being im perceptible a t  the depth 
of only a  few fathom s. I t  is probable th a t some 
portions of th e  sun’s ligh t possessing certain  pro
perties m ay penetrate to  a much greater distance, bu t 
it  m ust be remembered th a t even th e  clearest sea-water 
is m ore or less tin ted  by suspended opaque particles 
and floating organism s, so th a t th e  lig h t has more 
th an  a  pure saline solution to contend with. A t all 
events i t  is certain  th a t beyond th e  first 50 fathoms 
plants are barely represented, and after 200 fathoms 
they are entirely absent. The question of th e  mode 
of nu trition  of anim als a t great depths becomes, there
fore, a  very singular one. The practical distinction 
between p lan ts and  anim als is, th a t  p lan ts prepare 
th e  food of anim als by decomposing certain inorganic 
substances which anim als cannot use as food, and 
recom bining th e ir elem ents into organic compounds
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upon which animals can feed. This process is, how
ever, so far as we are a t  present aware, constantly  
effected under the influence of ligh t. T here seems 
to  be. little  or no ligh t a t  th e  bottom  of th e  soa, 
and there are certainly no p lan ts  except sueli as 
m ay sink from the surface, b u t th e  bottom  of the 
sea is a  mass of anim al life. A t first sigh t it  
certainly seems difficult to  account for th e  m ain
tenance of th is vast anim al population liv ing w ith 
ou t any visible means of support. Two explanations 
have been suggested. I t  is conceivable th a t  certain  
anim al forms may have th e  power of decomposing 
water, carbon dioxide, and am m onia, and  re-com 
bining the ir elem ents in to  organic compounds w ithout 
the agency of ligh t. D r. W allicli supports th is view, 
and in  doing so he states th a t  “ N o exceptional law 
is invoked, b u t, on th e  contrary , th a t th e  proof of 
these organisms being endowed w ith  th e  power to 
convert inorganic elements for th e ir own n u tritio n  
rests on th e  undisputed power which they  possess 
of separating carbonate of lim e or silica from w aters 
holding these substances in  solution.” 1 This, how
ever, seems scarcely satisfactory. A ll th e  substances 
employed in  th e  nu trition  of anim als are offered to 
them  finally in  solution in  water, and th e  abstraction 
of these from th e ir watery solutions cannot be re
garded as a ‘ chemical separation.* The broad dis
tinction still remains, th a t when carbon dioxide in 
solution is presented to  a  green p lan t in  th e  sun
shine it  can decompose it, while an  anim al cannot.

I  believe we have a  sim pler explanation. A ll 
sea-water contains a certain  quan tity  of organic 

1 N o r th  A tlan tic  Soa-bc«!, p. 131.
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m atter, in  sol ul ion and  in suspension. I ts  sources 
arc obvious. A ll rivers contain a considerable quan
tity . Every shore is surrounded by a  fringe which 
averages a m ile in  w idth, of olive and red sea
weed. I n  th e  m iddle of th e  A tlantic there  is a 
m arine p rairie , th e  ‘ Sargasso sea,’ extending over 
th ree  m illions of square miles. The sea is fu ll of 
anim als, which are constantly  dying and  decay
ing. The am ount of organic m atter derived from 
these and o ther sources by th e  w ater of th e  ocean 
is very appreciable. Careful analyses of th e  water 
were m ade during  th e  several cruises of th e  ‘ Porcu
pine ’ to  detect i t  and to  determ ine its  am ount, 
and th e  quan tity  everywhere was capable of being 
rendered m anifest and estim ated, and th e  propor
tio n  was found to  be very uniform  in  a ll localities 
and a t  a ll depths. N early  all th e  anim als a t  extreme 
depths—practically  a ll th e  anim als, for th e  sm all num 
ber of h igher forms feed upon  these—belong to  one 
sub-kingdom , th e  Protozoa ; whose distinctive charac
te r  is th a t  th ey  have no special organs of nu trition , 
b u t absorb nourishm ent th rough  th e  whole surface 
of th e ir  jelly-like bodies. M ost of these anim als 
secrete exquisitely formed skeletons, some of silica, 
some of carbonate of lime. There is no doubt th a t 
th ey  ex tract both  these substances from  th e  sea
w a te r; and i t  seems m ore th a n  probable th a t  th e  
organic m atte r w hich forms th e ir soft parts is 
derived from  th e  sam e source. I t  is th u s  quite 
in tellig ible th a t  a world of anim als m ay live in 
these dark  abysses, b u t it  is a  necessary condition 
th a t they m u st chiefly belong to  a class capable of 
being supported by absorption th ro u g h  th e  surface
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of the ir bodies of m atter in  solution, developing 
b u t little  beat, and  incurring  a very sm all am ount 
of waste by any m anifestation of v ita l activity . 
According to th is view it seems probable th a t  a t 
a ll periods of the earth ’s h istory  some form  of 
th e  Protozoa—rhizopods, sponges, or both—predom i
nated greatly over all other forms of an im al life 
in  th e  depths of th e  w arm er regions of th e  sea. 
The rhizopods, like the corals of a  shallower zone, 
form huge accum ulations of carbonate of lime, and it 
is probably to  the ir agency th a t  we m ust refer m ost 
of those great bands of limestone w hich have resisted 
time and change, and come in  here and  th e re  w ith 
the ir rich imbedded lettering  to  m ark  like milestones 
the progress of th e  passing ages.

T I N U H u l . M .
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T U E  C R U IS E  O P  T H E  * L I G H T N I N G . ’

Proposal to  investigate  th e  C onditions o f th e  B ottom  o f th e  Sea.—  
Suggestions an d  A nticipations. —  Correspondence betw een th e  
C ouncil o f th e  Royal Society an d  th e  A dm ira lty .— D epartu re  
from  Stornow ay.— T h e  Fæ roe Is lan d s.— Singular T em perature  
R esults in  th e  Fæ roe C hannel.— L ife ab u n d an t a t  a ll D ep th s .—  
Brisinga, coronata.— Holtenia carpenteri.— G eneral R esults o f th e  
E xpedition .

A ppend ix  A.— P articu la rs  o f  D e p th , T em perature , an d  P o sitio n  a t 
th e  various D redging  S ta tions o f H .M .S . * Lightning,* in  th e  
S um m er o f 1 8 6 8 ; th e  Tem peratures corrected fo r Pressure.

The bracketed numbers to the woodcuts in  this chapter refer to the dredging
stations on Plate I.

I n  th e  spring of th e  year 1868, m y friend H r. W . 
B. Carpenter, a t  th a t tim e one of th e  V ice-Presidents 
of th e  Royal Society, was w ith  m e in  Ire land , where 
we were w orking ou t together th e  s tru c tu re  and 
development of th e  Crinoids. I  had  long previously 
had a  profound conviction th a t th e  land  of promise 
for th e  n a tu ra lis t, th e  only rem aining region where 
there  were endless novelties of extraordinary  in terest 
ready to  th e  hand  w hich had th e  means of gathering 
them , was th e  bottom  of th e  deep sea. I  had  even 
had  a  glim pse of some of these treasures, for I  had 
seen th e  year before, w ith  Professor Sars, th e  forms
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w hich I  have already m entioned dredged by his son a t 
a  depth  of 300 to  400 fathom s off th e  Loffoten islands. 
I  propounded m y views to  m y fellow-labourer, and 
we discussed th e  subject m any tim es over our micro
scopes. I  strongly urged Dr. Carpenter to  use his 
influence a t  head-quarters to  induce th e  A dm iralty, 
probably th rough  th e  Council of th e  Royal Society, 
to  give us th e  use of a  vessel properly  fitted w ith 
dredging gear and  a ll necessary scientific apparatus, 
th a t m any heavy questions as to  th e  s ta te  of things 
in  th e  depths of th e  ocean which were still in  a  state 
of uncerta in ty , m igh t be definitely settled. A fter full 
consideration, D r. C arpenter promised his hearty  co
operation, and we agreed th a t I  should w rite  to  him 
on h is re tu rn  to  London, indicating  generally the 
resu lts  w hich I  anticipated, and sketching ou t w hat 
1 conceived to  be a  prom ising line of inquiry . The 
Council of th e  R oyal Society w arm ly supported the 
proposal ; and I  give here in chronological order the 
short and em inently satisfactory correspondence which 
led to  th e  A dm iralty  placing a t  th e  disposal of Dr. 
C arpenter and m yself th e  gunboat ‘ L igh tn ing  * under 
th e  com m and of Staff-Commander M ay, R .N ., in  the 
sum m er of 1868, for a tr ia l cruise to  th e  no rth  of 
Scotland, and  afterw ards to th e  m uch wider surveys 
in H .M .S . ‘ P orcup ine/ Captain Calver, R .N ., which 
were m ade w ith th e  additional association of M r. Gwyn 
Jeffreys in  th e  sum m ers of the years 1809 and 1870.

F ro m  P r o f .  W ¡¡ville T h o m so n , B e lfa s t, to D r . C arpen ter, V .P R .S .

May 30, ISOS.
M y  d e a ii C a u piín tbh ,— W h e n  I l a s t  s a w  y o n , I  su g g e s te d  h o w  

v e ry  im p o r ta n t  i t  w o u ld  he  to  Hie a d v a n c e m e n t  o f  sc ie n c e  to
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d e te rm in e  w i th  a c c u ra c y  th e  c o n d itio n s  a n d  d is t r ib u t io n  o f 
A n im a l  L ife  a t  g re a t  d e p th s  i n  th e  o c e a n  ; I  n o w  re s u m e  th e  
fa c ts  a n d  c o n s id e ra tio n s  w h ic h  le a d  m e  to  b e lie v e  t h a t  re se a rc h e s  
in  th i s  d ire c t io n  p ro m ise  v a lu a b le  re su lts .

A l l  r e c e n t  o b s e rv a tio n s  t e n d  to  n e g a tiv e  E d w a rd  F o rb e s ’s 
o p in io n  t h a t  a  zero  o f  a n im a l life  w a s  to  b e  re a c h e d  a t  a  d e p th  
o f  a  few  h u n d r e d  fa th o m s . T w o  y e a r s  ag o , M . S a rs , S w ed ish  
G o v e rn m e n t In s p e c to r  o f  F is h e r ie s ,  h a d  a n  o p p o r tu n i ty  in  h is  
o ffic ia l c a p a c i ty  o f  d re d g in g  o ff  t h e  L o ffo ten  I s la n d s  a t  a  d e p th  
o f  3 0 0  fa th o m s . I  v is i te d  N o rw a y  s h o r t ly  a f te r  h is  r e tu rn ,  a n d  
h a d  a n  o p p o r tu n i ty  o f  s tu d y in g  w i th  h is  fa th e r , P ro f . S a rs , som e 
o f  h is  re s u lts . A n im a l  fo rm s  w e re  a b u n d a n t ; m a n y  o f  th e m  
w ere  n e w  to  s c ie n c e  ; a n d  a m o n g  th e m  w a s  o n e  o f  s u rp a s s in g  
in te re s t ,  t h e  s m a ll  C r in o id  o f  w h ic h  y o u  h a v e  a  sp e c im e n , a n d  
w h ic h  w e  a t  o n c e  re c o g n iz e d  a s  a  d e g ra d e d  ty p e  o f  t h e  A p io - 
c r i n i d æ , a n  o rd e r  h i th e r to  r e g a rd e d  a s  e x tin c t ,  w h ic h  a t ta in e d  
i t s  m a x im u m  in  t h e  P e a r - e n c r in i te s  o f  th e  J u r a s s ic  p e r io d , a n d  
w h o se  l a t e s t  re p re s e n ta t iv e  h i th e r to  k n o w n  w a s  th e  B o n rg u e tti-  
c r im is  o f  t h e  C h a lk . S o m e  y e a r s  p re v io u s ly , M . A b s jo ra se n , 
d re d g in g  in  2 0 0  fa th o m s  in  t h e  H a rd a n g e rf jo rd , p ro c u re d  s e v e ra l 
e x a m p le s  o f  a  S ta rf ish  (B r is in g a )  w h ic h  see m s  to  f in d  i t s  n e a re s t  
a l ly  i n  th e  fo s s il g e n u s  P ro ta slcr. T h e se  o b s e rv a tio n s  p la c e  i t  
b e y o n d  a  d o u b t  t h a t  a n im a l  life  i s  a b u n d a n t  i n  t h e  o c e a n  a t  
d e p th s  v a ry in g  fro m  2 0 0  to  3 0 0  fa th o m s , t h a t  t h e  fo rm s  a t  th e s e  
gT eat d e p th s  d iffe r  g re a t ly  fro m  th o s e  m e t  w i th  in  o rd in a ry  
d re d g in g s , a n d  th a t ,  a t  a l l  e v e n ts  in  so m e  cases, th e s e  a n im a ls  a re  
c lo se ly  a l l ie d  to , a n d  w o u ld  se e m  to  b e  d ire c t ly  d e sc e n d e d  fro m , 
t h e  fa u n a  o f t h e  e a r ly  T e r tia r ie s .

I  t h in k  th e  l a t t e r  r e s u l t  m ig h t  a lm o s t  h a v e  b e e n  a n t ic ip a te d  ; 
a n d  p ro b a b ly  f u r th e r  in v e s t ig a t io n  w il l  a d d  la rg e ly  to  t h i s  c la ss  
o f  d a ta , a n d  w i l l  g iv e  u s  a n  o p p o r tu n i ty  o f  te s t in g  o u r  d e te r 
m in a t io n  o f  t h e  zo o lo g ica l p o s it io n  o f  so m e  fo s s il ty p e s  b y  a n  
e x a m in a tio n  o f  t h e  s o f t  p a r t s  o f  t h e i r  r e c e n t  re p re se n ta tiv e s . 
T lie  m a in  c a u s e  o f  t h e  d e s tru c t io n , t h e  m ig ra tio n , a n d  th e  e x tre m e  
m o d if ic a tio n  o f  A n im a l  ty p e s , a p p e a rs  to  b e  c h a n g e  o f  c lim a te , 
c liie fiy  d e p e n d in g  u p o n  o s c il la tio n s  o f  th e  e a r th ’s  c ru s t .  T h ese  
o s c il la tio n s  d o  n o t  a p p e a r  to  h a v e  ra n g e d , in  th e  n o r th e rn  p o rtio n
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o f  th e  N o r th e rn  H e m isp h e re , m u c h  b e y o n d  1 ,0 0 0  fe e t s in c e  th e  
c o m m e n ce m e n t o f  th e  T e r t ia ry  ep o ch . T h e  te m p e ra tu re  o f  deep  
w a te r  seem s to  b e  c o n s ta n t  fo r  a l l  l a t i tu d e s  a t  39° ; so  t h a t  a n  
im m e n se  a re a  o f  th e  N o r th  A tla n t ic  m u s t  h a v e  h a d  i t s  co n d itio n s  
u n a ffec ted  b y  T e r t ia ry  o r  P o s t - te r t ia r y  o sc illa tio n s .

O n e  o r  tw o  o th e r  q u e s tio n s  o f  th e  h ig h e s t  s c ie n tif ic  in te re s t  
a re  to  b e  so lv e d  b y  th e  p ro p o se d  in v e s t ig a t io n s  :—

1 s t. T h e  e ffec t o f  p re s su re  u p o n  a n im a l  life  a t  g re a t  d e p th s . 
T h e re  is  g re a t  m isa p p re h e n s io n  o n  th i s  p o in t. P ro b a b ly  a  p e r 
fe c tly  e q u a l p re s su re  to  a n y  a m o u n t  w o u ld  h a v e  l i t t l e  o r  no  
effect. A i r  b e in g  h ig h ly  co m p ress ib le , a n d  w a te r  co m p ress ib le  
o n ly  to  a  v e ry  s l ig h t  d eg ree , i t  is  p ro b a b le  t h a t  u n d e r  a  p re s su re  
o f  2 0 0  a tm o sp h e re s , w a te r  m a y  b e  e v e n  m o re  a ë ra te d , a n d  in  
t h a t  r e s p e c t  m o re  c ap a b le  o f  s u p p o r t in g  life , t h a n  a t  th e  su rface .

2nd . T h e  e ffect o f  t h e  g re a t  d im in u t io n  o f  t h e  s t im u lu s  o f  
L ig h t. F ro m  th e  c o n d itio n  o f  th e  C a v e  F a u n a , t h i s  l a t t e r  a g e n t  
p ro b a b ly  a ffec ts  o n ly  t h e  d e v e lo p m e n t o f  c o lo u r  a n d  o f  th e  
o tg a n s  o f  s ig h t.

I  h a v e  l i t t l e  d o u b t  t h a t  i t  i s  q u i te  p ra c t ic a b le ,  w i th  a  s m a ll  
h e a v y  d red g e , a n d  a  co u p le  o f  m ile s  o f  s to u t  M a n il la  ro p e , to  
d re d g e  a t  a  d e p th  o f  1 ,0 0 0  fa th o m s . S u c h  a n  u n d e r ta k in g  
w o u ld , h o w e v e r, o w in g  to  t h e  d is ta n c e  a n d  th e  la b o u r  in v o lv e d , 
b e  q u i te  b e y o n d  th e  re a c h  o f  p r iv a te  e n te rp r is e . W h a t  I  a m  
th e re fo re  a n x io u s  fo r  is , t h a t  t h e  A d m ira l ty  m a y  b e  in d u c ed , 
p e rh a p s  a t  t h e  in s ta n c e  o f  th e  C o u n c il o f  th e  R o y a l  S o c ie ty , to  
s e n d  a  v e sse l ( s u c h  a s  o n e  o f  th o s e  w h ic h  a c c o m p a n ie d  th e  C ab le  
E x p e d it io n  to  t a k e  so u n d in g s)  to  c a r ry  o u t  t h e  re s e a rc h . T 
sh o u ld  be  re a d y  to  go  a n y  t im e  a f te r  J u l y  ; a n d  i f  y o u  w o u ld  ta k e  
p a r t  in  th e  in v e s tig a tio n , I  c a n n o t b u t  b e lie v e  t h a t  i t  w o u ld  g iv e  
good  re su lts .

I  w o u ld  p ro p o se  to  s ta r t  fro m  A b e rd e e n , a n d  to  go  f ir s t  to  th e  
R o ck a ll f ish in g -b a n k s , w h e re  th e  d e p th  is  m o d e ra te , a n d  th e n c e  
n o r th -w e s tw a rd , to w a rd s  t h e  c o a s t  o f  G re e n la n d , r a t h e r  to  th e  
n o r th  o f  C ap e  F a re w e ll. W e  s h o u ld  th u s  k e e p  p r e t ty  n e a r ly  
a lo n g  th e  iso th e rm  o f  39°, s h o r t ly  re a c h in g  1 ,0 0 0  fa th o m s  d e p th , 
w h e re , a llo w in g  1 ,000  fe e t fo r  o sc il la tio n s  in  le v e l, a n d  1 ,0 0 0  fee t 
fo r  in flu en ce  o f  s u rfa c e -c u rre n ts , s u m m e r  h e a t, & c., w e  sh o u ld
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s t i l l  h a v e  4 ,0 0 0  fe e t o f  w a te r  w h o se  c o n d itio n s  h a v e  p ro b a b ly  n o t 
v a r ie d  g re a t ly  s in c e  t h e  c o m m e n c e m e n t o f  t h e  E o cen e  epoch .

Y o u rs  m o s t  t ru ly ,
W y v il l k  T h o m s o n .

F ro m  D r . C arpen ter, V .P .R .S ., to the  P re s id e n t o f  th e  R o y a l Society.

U n i v e r s it y  o f  L o n d o n ,  B u r l in g t o n  H o u ö e ,  W .
June I8lh, 18(38.

D e a r  G e n e r a l  S a b i n e ,— D u rin g  a  r e c e n t  v i s i t  t o  B e lfa s t, I  
h a d  th e  o p p o r tu n i ty  o f  e x a m in in g  so m e  o f  t h e  sp e c im e n s  
( t r a n s m it te d  b y  P ro f . S a rs  o f  C h ri3b iau ia  to  P ro f . W y v il le  
T h o m so n ) w h ic h  h a v e  b e e n  o b ta in e d  b y  M . S a rs , j u n . ,  In s p e c to r  
o f  F is h e r ie s  to  t h e  S w e d is h  G o v e rn m e n t, b y  deep-sea  d re d g in g s  
oft' th e  c o a s t  o f  N o rw a y . T h e se  sp ec im e n s , fo r  re a so n s  s ta t e d  in  
th e  en c lo sed  l e t t e r  f ro m  P ro f . W y v il le  T h o m so n , a re  o f  s in g u la r  
in te r e s t  a l ik e  to  th e  zo o lo g is t a n d  to  th e  p a læ o n to lo g is t  ; a n d  th e  
d is c o v e ry  o f  th e m  c a n  s c a rc e ly  f a i l  to  e x c ite , b o th  a m o n g  n a tu 
r a l i s t s  a n d  a m o n g  g eo lo g is ts , a  v e ry  s tro n g  d e s ire  t h a t  t h e  zoo logy  
o f  th e  deep sea, e sp e c ia lly  in  th e  N o r th e rn  A t la n t ic  re g io n , sh o u ld  
b e  m o re  th o ro u g h ly  a n d  s y s te m a tic a l ly  e x p lo re d  th a n  i t  h a s  
e v e r  y e t  been . F ro m  w h a t  I  k n o w  o f  y o u r  o w n  e a r ly  la b o u rs  i n  
t h i s  fie ld , I  c a n n o t  e n te r ta in  a  d o u b t o f  y o u r  f u l l  c o n c u rre n c e  in  
th i s  d esire .

S u c h  a n  e x p lo ra t io n  c a n n o t b e  u n d e r ta k e n  b y  p r iv a te  in d i 
v id u a ls , e v e n  w h e n  a id e d  b y  g ra n ts  from  S c ie n tif ic  S o c ie tie s . 
F o r  d re d g in g  a t  g r e a t  d e p th s , a  v e s se l o f  c o n s id e ra b le  s ize  is 
r e q u is i te ,  w ith  a  t r a in e d  c re w , s u c h  a s  is  o n ly  to  b e  fo u n d  in  th e  
G o v e rn m e n t se rv ice . I t  w a s  b y  th e  a id  o f  s u c h  a n  e q u ip m e n t, 
fu rn ish e d  b y  th e  S w e d is h  G o v e rn m e n t, t h a t  th e  re se a rc h e s  o f 
M . S a rs  w e re  c a r r ie d  on.

N o w , a s  th e re  a re  u n d e rs to o d  to  b e  a t  th e  p r e s e n t  t im e  a n  
u n u s u a l  n u m b e r  o f  g u n -b o a ts  a n d  o th e r  c ru ise rs  o n  o u r  n o r th e rn  
a n d  w e s te rn  co as ts , w h ic h  w il l  p ro b a b ly  re m a in  o n  th e i r  s ta t io n s  
u n t i l  t h e  e n d  o f  th e  sea so n , i t  h a s  o c c u rre d  to  P ro f . W y v il le  
T h o m so n  a n d  m y se lf , t h a t  t h e  A d m ira l ty , i f  m o v ed  th e re to  b y  
th e  C o u n c il o f  th e  l lo y a l  S o c ie ty , m ig h t  b e  in d u c e d  to  p la c e  one 
o f  th e s e  v esse ls  a t  th e  d isp o sa l o f  o u rse lv e s  a n d  o f  a n y  o th e r
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n a tu ra l is ts  y l io  m ig h t  b e  w il l in g  to  a c c o m p a n y  u s , fo r  th e  
p u rp o se  o f  c a r ry in g  o n  a  s y s te m a tic  c o u rse  o f  d e e p -se a  d re d g in g  
fo r a  m o n th  o r  s ix  w e ek s  o f  t h e  p r e s e n t  su m m e r, c o m m e n c in g  
e a r ly  in  A u g u s t.

T h o u g h  w e d e s ire  t h a t  th i s  in q u ir y  s h o u ld  h e  e x te n d e d  b o th  
in  g e o g ra p h ica l ra n g e  a n d  in  d e p th  a s  f a r  as  i s  p ro p o se d  in  P rof. 
W y v ille  T h o m so u ’s  le t te r ,  w e  t h i n k  i t  p re fe ra b le  to  l im i t  o u r
se lv e s  on  th e  p re s e n t  o c ca s io n  to  a  r e q u e s t  w h ic h  w il l  n o t, w e 
b e liev e , in v o lv e  th e  e x tr a  e x p e n se  o f  s e n d in g  o u t  a  c o a lin g -  
vesse l. W e  sh o u ld  p ro p o se  to  m a k e  K ir k w a l l  o r  L e rw ic k  o u r  
p o r t  o f  d e p a r tu re , to  e x p lo re  th e  s e a -b o tto m  b e tw e e n  th e  S h e tla n d  
a n d  th e  F æ ro e  I s la n d s ,  d re d g in g  a ro u n d  th e  s h o re s  a n d  in  th e  
fio rd s  o f  th e  l a t t e r  (w h ic h  h a v e  n o t  y e t, w e  b e lie v e , b e en  
sc ie n tif ic a lly  e x a m in e d ) , a n d  th e n  to  p ro c e e d  a s  f a r  n o r th -w e s t 
in to  th e  d e e p  w a te r  b e tw e e n  th e  F æ ro e  I s la n d s  a n d  I c e la n d  as  
m a y  b e  fo u n d  p ra c tic a b le .

I t  w o u ld  b e  d e s ira b le  t h a t  t h e  v e s s e l  p ro v id e d  fo r  s u c h  
a  se rv ice  s h o u ld  b e  o n e  c a p a b le  o f  m a k in g  w a y  u n d e r  c a n v a s  
as  w e ll  a s  b y  s te a m -p o w e r ;  b u t  a s  o u r  o p e ra tio n s  m u s t  n e c e s 
s a r i ly  b e  slow , speed  w o u ld  n o t  b e  re q u ire d . C o n s id e ra b le  
la b o u r  w o u ld  b e  s p a re d  to  th e  c réw  i f  t h e  v e s s e l  b e  p ro v id e d  
w ith  a  'd o n k e y - e n g in e ’ t h a t  c o u ld  b e  u s e d  fo r  p u l l in g  u p  th e  
dredge.

I f  th e  C o u n cil o f  th e  E o y a l  S o c ie ty  s h o u ld  d e e m  i t  e x p e d ie n t  
to  p re fe r  th i s  re q u e s t  to  t h e  A d m ira l ty , I  t r u s t  t h a t  th e y  m a y  
f u r th e r  b e  w il l in g  to  p la c e  a t  th e  d isp o sa l o f  P ro f . W y v il le  
T h o m so n  a n d  m y se lf, e i th e r  fro m  th e  D o n a t io n  F u n d  o r  th e  
G o v e rn m e n t-G ra n t F u n d , a  s u m  o f  £ 1 0 0  fo r th e  e x p e n s e s  w e 
m u s t  in c u r  in  p ro v id in g  a n  a m p le  s u p p ly  o f  s p i r i t  a n d  o f  j a r s  
fo r th e  p re se rv a tio n  o f  sp ec im e n s , w ith  o th e r  s c ie n tif ic  a p p lia n c e s . 
W e  w o u ld  u n d e r ta k e  t h a t  th e  c h o ic e s t o f  s u c h  s p e c im e n s  sh o u ld  
b e  d e p o s ite d  in  th e  B r it is h  M u se u m .

I  s h a ll be  o b lig ed  b y  y o u r  b r in g in g  th i s  s u b je c t  b e fo re  th e  
C o u n cil o f  th e  l tn y a l  S o c ie ty , a n d  re m a in .

D e a r  G e n e ra l S a b in e , y o u rs  fa ith fu l ly ,
W illia m  B. ( 'a u i’KNt e k .

The J 'fcM  nf n f Ü,.' Hoytii S'orù/y.



CI IAP. I I . ] T U E  C R U ISE  OF T U E  * L IG H T N IN G !

F ro m  the  M in u te s  o f  th e  C ouncil o f  the  R o y a l Society,
J u n e  1 8 , 186 8 .

T h e se  le t te r s  h a v in g  b e e n  c o n sid e re d , i t  w a s  re so lv ed ,— “ T h a t  
t h e  p ro p o sa l o f  D rs . C a r p e n te r  a n d  W y v il le  T h o m so n  b e  a p 
p ro v ed , a n d  re c o m m e n d e d  to  th e  fa v o u ra b le  c o n s id e ra tio n  o f  th e  
a u th o r i t ie s  o f  th e  A d m ira l ty  ; a n d  th a t  a  su m , o f  n o t  e x ceed in g  
£ 1 0 0 , be  a d v a n c e d  fro m  th e  D o n a tio n  F u n d  to  m e e t  th e  ex p en se s  
re fe rre d  to  in  D r. C a rp e n te r ’s  le t te r .”

T h e  fo llo w in g  d r a f t  o f  a  l e t t e r  to  b e  w r i t t e n  b y  th e  S e c re ta ry , 
to  th e  S e c re ta ry  o f  t h e  A d m ira lty ,  w a s  .ap p ro v ed  :—

M y  L ord ,— I  a m  d ire c te d  to  a c q u a in t  y o u , fo r  t h e  in fo rm a tio n  
o f  th e  L o rd s  C o m m iss io n e rs  o f  th e  A d m ira lty , t h a t  t h e  P re s id e n t  
a n d  C o u n c il o f  t h e  E o y a l  S o c ie ty  h a v e  h a d  u n d e r  t h e i r  co n 
s id e ra t io n  a  p ro p o sa l b y  D r. C a rp e n te r , V ic e -P re s id e n t o f  th e  
E o y a l  S o c ie ty , a n d  D r .  W y v il le  T h o m so n , P ro fe s s o r  o f  N a tu r a l  
H is to ry  in  Q u een ’s  C ollege, B e lfa s t, fo r  c o n d u c tin g  d re d g in g  
o p e ra tio n s  a t  g re a te r  d e p th s  th a n  h a v e  h e re to fo re  b e e n  a t te m p te d  
in  th e  lo c a litie s  w h ic h  th e y  d e s ire  to  ex p lo re — th e  m a in  p u rp o se  
o f  s u c h  re s e a rc h e s  b e in g  to  o b ta in  in fo rm a tio n  a s  to  th e  e x 
is te n c e , m o d e  o f  life , a n d  zo o lo g ica l r e la t io n s  o f  m a r in e  a n im a ls  
l iv in g  a t  g re a t  d e p th s , w ith  a  v ie w  to  t h e  s o lu t io n  o f  v a rio u s  
q u e s t io n s  r e la t in g  to  A n im a l  L ife , a n d  h a v in g  a n  im p o r ta n t  b e a r 
in g  on  G eo lo g y  a n d  P a læ o n to lo g y . T h e  o b je c ts  o f  th e  o p e ra 
t io n s  w h ic h  th e y  w is h  to  u n d e r ta k e ,  a n d  th e  co u rse  w h ic h  th e y  
w o u ld  p ro p o se  to  fo llow , a s  w e ll  a s  t h e  a id  th e y  d e s ire  to  o b ta in  
fro m  th e  A d m ira lty ,  a r e  m o re  fu lly  s e t  fo r th  in  t h e  l e t t e r  o f  
D r . C a r p e n te r  to  th e  P re s id e n t ,  a n d  t h a t  o f  P ro fe s so r  T h o m so n , 
c o p ie s  o f  w h ic h  I  h e r e w i th  enclo se .

T h e  P r e s id e n t  a n d  C o u n c il  a r e  o f  o p in io n  t h a t  im p o r ta n t  
a d v a n ta g e s  m a y  b e  e x p e c te d  to  a c c ru e  to  sc ie n c e  fro m  th e  
p ro p o s e d  u n d e r ta k in g  ; a c c o rd in g ly  th e y  s tro n g ly  re c o m m e n d  i t  
to  t h e  fa v o u ra b le  c o n s id e ra t io n  o f  h e r  M a je s ty ’s  G o v e rn m e n t, 
a n d  e a r n e s t ly  h o p e  t h a t  t h e  L o rd s  C o m m iss io n e rs  o f  th e  
A d m ira l ty  m a y  be  d isp o se d  to  g r a n t  t h e  a id  re q u e s te d . I n  su eli
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case  th e  sc ien tif ic  a p p lia n c e s  re q u ire d  w o u ld  be  p ro v id e d  fo r  fro m  
fu n d s  a t  th e  d isp o sa l o f  th e  R o y a l S o c ie ty .

1 a m , &c.,
W . S h a r p e y ,  S ec . R S .

Lord H . Lennox,  M .P ., Secretary o f the Admiralty.

F r o m  th e  M in u te s  o f  the  C ouncil o f  the  R o y a l  S o c ie ty
f o r  Oct. 2 0 , 1868.

A d m ir a l t y , 1 4Ui Ju ly , I8 6 0 .

S ir ,— I n  re p ly  to  y o u r  l e t t e r  o f  t h e  2 2 n d  u l t im o , s u b m it t in g  
a  p ro p o s itio n  fro m  D r. C a rp e n te r  a n d  P ro fe s so r  T h o m so n  to  
in v e s tig a te , b y  m e a n s  o f  d re d g in g , th e  b o tto m  o f  t h e  s e a  in  
c e r ta in  lo ca litie s , w ith  a  v iew  to  a sc e r ta in  t h e  e x is te n c e  a n d  
zo o lo g ica l re la tio n s  o f  m a r in e  a n im a ls  a t  g r e a t  d e p th s ,— a  r e 
se a rc h  w h ic h  y o u  a n d  th e  C o u n c il o f  t h e  R o y a l  S o c ie ty  s t r o n g ly  
re c o m m en d  in  t h e  in te re s ts  o f  sc ie n c e  to  th e  fa v o u ra b le  c o n 
s id e ra t io n  o f  h e r  M a je s ty ’s  G o v e rn m e n t, fo r  a id  in  f u r th e r a n c e  
o f  th e  u n d e r ta k in g ,— I  a m  c o m m a n d e d  b y  m y  L o rd s  C o m 
m is s io n e rs  o f  t h e  A d m ir a l ty  to  a c q u a in t  y o u  t h a t  th e y  a re  
p le a s e d  to  m e e t  y o u r  w ish e s  so  fa r  a s  th e  S e rv ic e  w i l l  a d m it ,  a n d  
h a v e  g iv e n  o rd e rs  fo r  h e r  M a je s ty ’s  s te a m -v e s se l ‘L ig h tn in g ’ to  
b e  p re p a re d  im m e d ia te ly , a t  P e m b ro k e , fo r  th e  p u rp o s e  o f  c a r ry 
in g  o u t  su o h  d re d g in g  o p e ra tio n s .

I  am , S ir,
Y o u r  o b e d ie n t  S e rv a n t,

W . G . R o m a in e .
To the President o f the Royal Society.

I t  w ill be seen by  th e  le tters from m y colleague 
and myself w hat our ideas were a t th a t tim e, and w hat 
our anticipations as to  th e  resu lt of our labours. W e 
both  more th an  doubted th e  ‘ anti-biotic ’ view which 
was then  very generally received, and wo expected to 
be able to  trace a relationship between th e  living 
inhabitants of th e  deep sea and th e  fossils of some of 
th e  la ter geological formations which we looked upon 
as the ir direct and not very rem ote ancestors. W c



c h a i*. 11.] T U E  URU 1 S E  O F T H U  ‘L 1 0 H T N 1 N G .» 5 7

had  adopted th e  cu rren t strange misconception w ith 
regard to  th e  d istribution of ocean tem perature ; and 
i t  is perhaps scarcely a  valid  excuse th a t th e  fallacy 
of a universal and  constant tem perature of 4° C. 
below a  certain  depth varying according to  latitude, 
was a t  th e  tim e accepted and tau g h t by nearly  all 
th e  leading authorities in  Physical Geography.

P rom  th e  tim e th a t  th e  A dm iralty  gave the ir 
sanction to  th e  use of a  G overnm ent vessel for th e  
investigation, D r. C arpenter's labours in  w orking out 
a ll th e  necessary arrangem ents and  preparations were 
unceasing, and to  his influence in  th e  Council of the 
R oyal Society, and to  th e  confidence placed in  his 
judgm en t by members of th e  Governm ent and  m en 
in  official positions, th e  success of th e  undertak ing  is 
unquestionably due.

The surveying ship ‘ L igh tn ing  * was assigned for 
th e  service—a cranky li tt le  vessel enough, one which 
had th e  somewhat doubtful title  to  respect of being 
perhaps th e  very oldest paddle-steam er in  her 
M ajesty 's navy. W e had n o t good tim es in  th e  
‘ L igh tn ing .' She kep t ou t th e  w ater imperfectly, 
and as we had  deplorable w eather during nearly th e  
whole of th e  six weeks we were afloat, we were in  con
siderable discomfort. The vessel, in  fact, was scarcely 
seaworthy, th e  iron hook and  screw-jack fastenings of 
th e  rigging were w orn w ith  age, and  m any of them  
were carried away, and  on tw o occasions th e  ship ran  
some risk. S till th e  voyage was on th e  whole alm ost 
pleasant. Stafl-Commander M ay had  lately  returned 
from  Annesley Bay, w here he had been harbour-m aster 
during th e  A byssinian w ar ; and his intelligence and 
vivacity, and th e  cordial good-fellowship of his officers,
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who heartily  seconded m y colleague and  m yself in  our 
work and sym pathised w ith  us in  our keen in terest 
in  th e  curious results of th e  few tria ls  a t  g rea t depths 
which we had i t  in  our power to  m ake, m ade th e  
experience, a  very novel one to  us, certain ly  as 
tolerable as possible.

The ‘ L ightn ing  ’ le ft Pem broke on th e  4 th  of 
A ugust, 1868, and arrived a t Oban on th e  evening 
of the 6th. A t Oban Dr. Carpenter, h is son H erbert, 
and I  joined, and, after having taken  observations 
for the chronometers, completed coals and  w ater, 
and being otherwise ready, we left O ban on th e  8tli 
of A ugust, anchored on th a t evening in  Toberm ory 
Pay, and after a  gusty  passage th ro u g h  th e  M inch 
we reached Stornoway on th e  evening of th e  9th. 
A t Stornoway we were received by Sir Jam es and 
Lady M atheson w ith  a courteous hosp ita lity  which 
on m any subsequent occasions has m ade us leave 
th e ir island kingdom  w ith  regret and  re tu rn  to  i t  
w ith  pleasure. W e took in  as m uch  coal as we 
could carry, stowing as much as was safe in bags 
on th e  deck, set up  a  dredging derrick over th e  
stern , took final observations, and  departed  to  th e  
northw ard on th e  m orning of th e  l l t l i .  W e took a 
hau l or two th e  same afternoon in  from  60 to  100 
fathoms, about 15 miles to the no rth  of th e  B u tt of 
th e  Lews, to try  our dredging-tackle and donkcy- 
engine and to  trace th e  lim its of th e  shallow-water 
species. All the appliances worked well, b u t th e  
dredge brought up few anim al forms, and all of them  
well-known inhab itan ts  of th e  seas of the H ebrides. 
The nex t day we were m et by a  breeze from th e  N.E., 
which continued for th ree days w ith  sueli force tha t
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we were compelled to  lie-to under canvas, drifting to 
th e  northw ard towards th e  edge of th e  Fæ roe Banks, 
any a ttem p t to  dredge being o u t of th e  question. 
On th e  13th, during  a lu ll, we sounded and found no 
bottom  a t  450 fathom s (S tation 1, PI. I.), w ith  a 
m inim um  tem perature of 90,5 C., the tem perature of 
th e  surface w ater being 12°*5 C. This was so high a 
tem perature  for so considerable a depth th a t we sus
pected some error in  th e  indications of th e  therm o
m eters, th ree  of Six’s registering instrum ents of the 
H ydrographic Office pattern . Subsequent observa
tions however in  th e  same locality showed us th a t 
th e  tem perature to  th e  depth  of 600 to  700 fathom s 
in  th a t  region is th e  m oderate tem perature of the 
northw ard  cu rren t of th e  g u lf stream.

The Fæ roe B anks are greatly  frequented in  the 
fishing season by E nglish  and foreign fishing-smacks. 
O f course th e  principal object is to  prepare cured or 
hard-fish, b u t m any of th e  English vessels are welled 
for th e  supply of fresh cod for th e  London market.

A  large square tan k  occupies th e  middle of the 
vessel, and holes in  th e  sides allow th e  w ater to  pass 
freely th rough  it. The w ater in  th e  ta n k  is thus 
kep t perfectly fresh ; th e  best of th e  cod are p u t into 
it, aud they stand  th e  voyage perfectly. I t  is curious 
to sec th e  great creatures m oving gracefully about 
in the tank like gold-fish in  a glass globe. They are 
no doubt ‘ qu ite  unaccustom ed to  m an,’ and conse
quently  they  are tam e ; and w ith the ir long smooth 
m ottled faces, th e ir  huge m ouths, and lidless un- 
spcculativc eyes, they are about as unfam iliar objects 
as one can well see. They seem ra th e r to  like to 
be scratched, as they  are greatly  infested by caligi
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and all kinds of suctorial copej3ods. One of them  w ill 
take  a  crab or a  large fusus or buccinum  quie tly  out 
of one’s hand, and w ith  a slight m ovement transfer it  
down its  capacious th ro a t in to  its stom ach, w here it  
is very soon attacked and disintegrated by th e  power
fu l gastric secretions. I n  one welled smack I  visited 
on one occasion, one of th e  fish had m et w ith  some 
slight in jury which spoiled its m arket, and  i t  made 
several trips in  th e  well between London and Fæ roe 
and  became quite  a  pet. T he sailors said i t  knew 
them . I t  was m ixed up w ith a  num ber of others in  
th e  tank  w hen I  was on board, and certainly i t  was 
always th e  first to come to  th e  top for th e  chance of 
a  crab or a  b it of biscuit, and  i t  rubbed its  ‘ head 
and shoulders ’ against m y hand quite  lovingly.

On th e  15th  and 16 th  we dredged over th e  F æ roe 
Banks a t  a  depth of from 200 to  50 fathom s, the 
bottom  gravel and nullipore, and th e  tem perature  
from 8° to 10° C. The banks swarm  w ith  th e  com
m on b rittle  star Ophiothrix fra g ilis , w ith  th e  K orway 
lobster Nephrops noi'vegicus, large spider crabs, several 
species of th e  genus Galathea , and m any of th e  genus 
Crangon. So am ple a  supply of th e ir favourite food 
readily accounts for th e  abundance and excellence of 
th e  cod and ling  on th e  banks.

There is some rough rocky ground on th e  Fæ roe 
Banks, and notw ithstanding a ll possible care and the 
use of Hodge’s ‘ accum ulators ’ to  ease th e  strain  on 
th e  dredge ropes, we lost two of our best dredges and 
some hundreds of fathom s of rope. O n th e  m orning 
of th e  17th  we sighted Færoe, as usual only getting  
now and th en  a glimpse of th e  islands of th is rem ote 
little  archipelago by the lifting  of the cu rta in  of m ist
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which alm ost constantly envelopes them . Towards 
mid-day th e  w eather improved a  little , and as we 
threaded am ong th e  islands towards th e  little  harbour 
of Thorshavn we greatly  enjoyed our first view of 
th e ir  fantastic outlines, p a rtly  shrouded in  the ir veil 
of m ist ; th e ir  soft green and brown colouring ren
dered still softer by th e  subdued sub-arctic ligh t, and 
th e  stream s and  cascades em broidering th e  gentle 
slopes of th e  h ills and  falling  over th e  cliffs like 
silver threads and  tassels.

T he Fæ roe Islands are b asa ltic ; terrace over 
terrace of soft easily decomposed anam esite probably 
of M iocene te rtia ry  age. This uniform  structure, 
and  th e  absence of trees or any prom inent form  of 
vegetation, gives a  singular sameness of effect. The 
scattered hab itations are usually  sad-coloured and 
roofed w ith  growing tu rf , so th a t they  are actually  
invisible a t  a little  distance. W e were greatly  struck 
som etim es by th e  difficulty of estim ating distance 
and  heigh t ; from  th e  to ta l w an t of fam iliar objects 
for com parison i t  was sometimes difficult to  tell, 
passing am ong th e  islands and  looking a t  them  
th rough  th e  m oist transparen t air, w hether the 
ridge was 500 feet h igh, or double or four tim es th a t 
height. T he in term ediate heigh t is usually  nearest 
th e  tru th .

Thorshavn, th e  capital of F £ roe , is a  strange little  
place. T he land  shelves down ra th e r abrup tly  to  a 
li t t le  bay, round th e  head of w hich th e  tow n is b u ilt ; 
and  th e  habitations a re  perched am ong th e  rocks on 
such flat spaces as m ay be found for th e ir reception. 
The re su lt is  irregu lar and picturesque ; and very 
peculiar, for som ething like a  scramble is necessary
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to  get along some of th e  principal 6 streets.’ Above 
th e  tow n a  little  clearing forms a  m in iature law n 
and garden gay w ith  b righ t flowers in  fron t of the 
.Governor’s house, a p re tty  wooden cottage residence 
like a  v illa  in  a suburb of one of th e  Scandinavian 
towns.

Færoe, w ith  its  wet sunless clim ate and  precarious 
crops of barley ; its  tu rf-thatched  cottages and quiet 
little  churches ; its  glorious cliffs and headlands and 
picturesque islets, th e .h a u n t of th e  eider-duck and 
th e  puffin; and its hardy, friendly islanders, w ith  th e ir 
quaint, simple, semi-Icelandic semi-Danish customs, 
has been described again and again. F æ roe only came 
to us as a pleasant haven of rest in  th e  middle of our 
northern  work. W e paid it  tw o visits of a  week each 
in  successive years, and  one of th e  m ost pleasant 
memories in  th e  m inds of a ll of u s connected w ith  
these expeditions w ill always be th e  cordial sym pathy 
w hich we received from  our friend M . H olten  the 
D anish Governor, and  his accomplished wife. M. 
H olten  received us w ith  th e  m ost friendly hospitality , 
and  did everything in  his power a t  all tim es to  render 
u s assistance and  to fu rth er our views. H e introduced 
us to  th e  leading inhab itan ts of his dominion, and 
during  th e  m any pleasant evenings which we spent 
a t  his residence we heard  all th a t we could of th e  
economy of th is simple little  com m unity, perhaps th e  
m ost prim itive and th e  m ost isolated in  Europe. To 
Governor H olten  I  have already had  th e  pleasure of 
dedicating a  singularly beautiful sponge-form which 
we discovered during our re tu rn  voyage ; and to 
M adame H olten, to  whose graceful pencil I  am  in 
debted for th e  vignettes of Fæ roe scenery which so
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appropriately  close these chapters, I  now dedicate 
th is volume, in  rem em brance of th e  great kindness 
which we invariably  experienced from her and  from 
her excellent husband.

W e lay in  Thorshavn harbour till  th e  26th of 
August, th e  w eather being so bad as to  m ake all idea 
of pu rsu ing  our work outside hopeless. "Whenever i t  
was possible we dredged in  th e  fiords w ith  Fsferoese 
boats and  native boatm en, and  we m ade th e  acquaint
ance o f Sysselm an M üller, th e  representative of Fæ roe 
in  th e  D anish Parliam ent, who had m ade him self 
thoroughly  conversant w ith  th e  m ollusca of Færoe, 
and  had  contributed  his inform ation to  a list published 
in  1867 by D r. O. A . L. M örch. T he shallow-water 
fauna seems to  be scanty, as we find frequently  to  be 
th e  case on a  bed of decomposing trap . I t  is  o f a 
character in term ediate between th a t of Shetland and 
th e  Scandinavian coast. The form s w hich perhaps 
in terested  us m ost were Fusus despectus, L .— a  hand
some shell which m ay possibly be only a very m arked 
variety  of Fusus antiquus, L . ; b u t if  so, i t  is one w ith  
very definite lim it of d istribution , as i t  occurs only 
rarely  in  very deep w ater in  th e  B ritish  seas. I n  w ater 
of m oderate depth  am ong th e  Fæ roes i t  is abundant, 
apparently  replacing F. antiquus. A no ther common 
Fæ roe shell is Tellina calcarea, C h e m n i t z , —a very 
abundan t B ritish  glacial clay fossil, b u t n o t h itherto  
found recent in  th e  B ritish  area. I n  th e  glacial clays 
near R othesay i t  is in  regu lar beds associated w ith  
M ya truncata , L  , var. uddevallensis, F o r b e s  ; S a x i
cava norvegica, S p r e n g l e r ;  P ecten  islandicus, O. F . 
M ü l l e r , and  o ther no rthern  forms, and  frequently 
so fresii th a t th e  tw o valves arc still in  position and
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held together by th e ir connecting ligam ent. A  some
w hat peculiar variety  of Echinus spliœra, O. F . M ü l l e r , 

was m et w ith  in  one of th e  F jords associated w ith a 
la rge  form  of E . flem ingii, B a l l  ; and w hat appears to 
be a  sm all form  of Cucumaria frondosa, G u n n e r , was 
very common in  shallow w ater on th e  tangles.

W hile we were ly ing in  Thorshavn harbour the 
D anish  gunboat ‘ Fylla* and th e  French steam trans
po rt c L ’O rien t * came in  on th e ir  way from Iceland. 
B oth of th e  vessels from  th e  north  had  come through 
bad  w eather, and  were glad to  ru n  in to  shelter. D uring 
th e  stay  of th e  th ree  war-ships th e  little  capital was 
qu ite  gay, and  th e  Governor had  abundant opportunity 
of exercising h is genial hospitality . O n th e  26th of 
A ugust, as th e  barom eter rose a  little  and there 
seemed to  be some sligh t sign of im provement, we 
left Thorshavn and  steamed southw ard to  dredge if  
possible in  th e  deep channel between Fæ roe and Shet
lan d  ; b u t th e  same evening w ild w eather set in  again 
w ith  a  strong gale of w ind from  th e  north-westward, 
an d  th e  barom eter down to  29’08. The hook and 
screw-jack fastenings of th e  m ain rigging w ent one 
after ano ther, and  we narrow ly escaped losing the 
m ast. The gale lasted  till  th e  29th, w hen there was 
ra th e r b e tte r w eather ; and after lying-to and  drifting 
to  th e  north -east for nearly th ree days, we took a 
sounding in  la t. 60° 45' N ., long. 4° 49' W . (Station 6). 
T his gave a  depth  of 510 fathom s and a bottom  tem 
pera tu re  of 0° C. On th e  evening of th e  29th and 
on th e  30th  th e  w eather was sufficiently m oderate to 
allow us to  work our dredging gear, and th e  first 
tr ia ls  were of great interest, as i t  was our first oppor
tu n ity  of m aking th e  a ttem p t in  so great a depth of
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water. The operation seemed however to present no 
special difficulty, and nearly every hau l was success
ful. The bottom  was sand and gravel, m ostly derived 
from  th e  disintegration of th e  old rocks of the Scottish 
plateau. A nim al life was not abundant, b u t several 
groups were fairly represented. Sandy rhizopods of a 
large size were num erous, and there were several con
spicuous crustaceans and ecliinoderms, am ong the la tte r 
an exam ple of Astropecten tenuispinus, of a brillian t 
scarlet colour, whicli came up entangled on th e  line.

On the 31st bad w eather set in again, and we could 
neither sound nor dredge. On the 1st of September 
we got one tem perature sounding in  550 fathom s w ith 
— l°-2 C., b u t could do no work.

T he nex t day, Septem ber 2, was more moderate, 
and we dredged all day a t  a depth of only 170 fathoms 
over a very restricted shoal, which, singularly enough, 
we could no t find when we sought for i t  the year 
al te r  in the ‘ Porcupine.’ H ere we found anim al 
life abundant and  varied— a m ix tu re  of celtic and 
Scandinavian forms. The bottom  was chiefly small 
rounded pebbles of th e  dark anam esite of th e  Færoes, 
and sticking to  them , singly or in little  groups like 
plum s on th e ir stems, were m any large specimens 
of th e  rare  brachiopod Terebra tula cranium , O. F . 
M ü l l e r ,  along w ith abundance of th e  commoner form 
Terebratulina, caputserpentis , L.

The following day, Septem ber 3, we were again in 
deep water, about 500 fathoms, w ith a bottom  tem 
perature a little  below the freezing-point, th e  therm o
m eter a t  th e  surface giving 10o,5 C. H erè we took 
representatives of many invertebrate groups—rhizo
pods, sponges, ecliinoderms, crustaceans, and molluscs;
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am ong them  a magnificent specimen of a  new star
fish which has been since described by M. G. O. Sars 
under th e  nam e of Brisinga coronata (Fig. 5). The 
genus Brisinga  was discovered in  1853 by M. P. Chr. 
Absjörnsen, who then  dredged several specimens of 
another species, B . endecacnemos, A b s j . ,  a t a depth 
of 100 to  200 fathom s in  th e  H ardangerfjord on 
the Norway coast a  little  to the south of Bergen. 
These are certainly very wonderful creatures. A t 
first sight they  look interm ediate between ophiurids 
and star-fishes, th e  arms too th ick  and soft for the 
former, b u t m uch more long and delicate th an  we 
usually  find them  in  th e  la tte r group.

The disk is small, about 20 to 25 mm. in  diameter ; 
in  B . endecacnemos nearly smooth, in  B . coronata 
covered w ith spines. The madreporiform tubercle is 
on th e  dorsal surface close to  th e  edge of the disk. A 
firm ring  of calcareous ossicles forms and supports the 
edge of th e  disk, and gives attachm ent to th e  arms. 
The arm s are ten  or eleven in num ber: the la tte r 
num ber is probably abnormal. They are sometimes 
as m uch as 30 centim etres in  length  ; narrow  a t the 
base, where they  are inserted in to  the rin g  ; enlarging 
considerably towards th e  middle, where th e  ovaries are 
developed ; and tapering  again to  th e  end. Bows of 
long spines border th e  am bulacral grooves ; the spines 
are covered with a  soft skin, which, when th e  animal is 
qu ite  fresh, forms a  little  transparent, sack-like expan
sion full of fluid a t  the end of each spine. The soft 
covering of th e  spines is full of small pedicellariæ, 
and pedicellariæ  are likewise scattered in groups over 
th e  surface of the arm s and disk.

The arm s in B . endecacnemos are nearly smooth,
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ribbed transversely here and there by slightly raised 
calcareous bands passing irregularly  partly  or wholly 
across them . I n  B . coronata these ridges are sur
m ounted by crests of spines. Both species are of 
a  rich crim son colour, passing into orange-scarlet. 
The arm s are easily detached from  th e  disk. W e 
never got one of either species nearly entire, b u t even 
coming up in  pieces they were certainly th e  most 
strik ing  objects we met with. One was sufficient to 
give a glorious dash of colour to a  whole dredgeful. 
“ Le nom  B risinga est dérivé d’un  bijou b rillan t 
(Brising) de la  déesse Ereya,” which brings a pleasant 
flavour of Scandinavian heathendom  about it. “  J ’ai 
trouvé cette A stérie brillan te à  H ardangerfjord à  l ’aide 
du dredge à  la  fin du mois d’août 1853, à  la  profon
deur de 100 à  200 brasses, où elle é ta it placée sur le 
plan la té ra l et perpendiculaire d ’une m ontagne, qui 
sem blait descendre de 80 à  90 brasses ju squ’à  200 
brasses e t même de plus. E lle  se trouve bien rare
m ent ; en d raguant plus de h u it jours avec beaucoup 
d ’assiduité dans la m ême localité et dans les environs 
je  trouvais seulem ent quelques bras, et quelques indi
vidus plus ou moins grands, dont le plus p etit entre 
les pointes des bras opposés avait une grandeur de G 
pouces, le plus grand environ 2 pieds de diamètre. 
A ucun d’eux n ’é ta it sans être  endom m agé; l ’anim al 
est extrêm em ent fragile et semble, comme les coma- 
tules e t quelques espèces d ’Ophiolepis et d’Ophiotrix, 
à  cause de la pression dim inuante de l ’eau, tiré  vers 
la  surface, par un  effort vigoureux, se défaire de ces 
bras, qui toujours se détachent à  l ’endroit où ils sont 
unis avec l ’anneau du disque. Le surpois du bras en 
com paraison du disque très petit, et la grandeur eon-
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sidérable de l'anim al, augm ente aussi les difficultés à 
le faire sortir du dredge sans être  déchiré. Quoique 
je  fusse assez heureux pour le saisir avant qu’il sortait 
de l ’eau, et m algré tou te  la  précaution possible, je 
réussis seulem ent à  conserver deux disques d’une paire 
de bras fermes, m ais à  ceux-ci même le peau é ta it 
rom pue. Q uand l ’anim al est complet et cohérent, 
ainsi que je  l ’ai vu une ou deux fois sous l ’eau dans 
le dredge, il  est véritablem ent u n  exem plaire de luxe, 
une ‘ gloria m aris.’’” 1

The bad w eather was unrelen ting , and again in ter
rupted  us for a couple of days : we got a  sounding 
however on th e  5th of September, in  la t. 60° 30' N. 
and long. 7° 16' W ., w ith  no bottom  a t 4*50 fathom s 
and a m inim um  tem perature about th e  freezing-point. 
I t  w ill be seen by th e  chart th a t th e  last five stations, 
Nos. 7 to 11, form  an  oblique line from south-east to 
north-w est between th e  northern  p a rt of O rkney and 
th e  Fæ roe Bank. The bottom  is throughout a m ixture 
of gravel and sand, w ith  patches of m ud ; Nos. 7 and 8 
principally  th e  débris of th e  m etam orphic rocks of 
th e  no rth  of S cotland; Nos. 9, 10, and  11 chiefly 
volcanic, th e  detritus of th e  Ffèroe traps. This line 
of soundings is entirely  w ith in  w hat we afterwards 
learned to  call th e  ‘ co!d area,’ th e  therm om eter for 
depths below 300 fathom s indicating  a  tem perature 
slightly  above or below 0° C.

As we were now again approaching th e  Færoe 
fishing-banks, we shaped our course southwards, and 
on th e  m orning of Septem ber Gth we sounded aud

1 D escrip tion  d 'u n  N ouveau G enre des Astéries, par P . Chr. A bs- 
jiirnsen , in “ F a u n a  litto ralis  N orvegiæ ,” by D r. M . Sara, *1. K oren, 
and  D . D an i e Isseli. Seconde Livraison, lîergen, 1856, p. 90.
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dredged in  la t. 59° 36', long. 7° 20' (S tation 12), w ith a 
depth  of 530 fathom s and a ‘warm a rea ’ tem perature 
of 6° 4j C. The dredging here was most interesting. 
T he bottom  was for th e  first tim e ‘ A tlan tic  ooze/ a 
fine bluish-grey tenacious calcareous m ud, w ith some 
sand and a considerable adm ixture of Globigerina. 
Im bedded in  th is  m ud th e re  came up an  extraordinary 
num ber of silicious sponges of m ost rem arkable and 
novel forms. M ost of these belonged to  an order 
w hich had  been described by th e  w riter a  couple of 
years before as ‘ Porifera v itrea,’ a  tribe  a t th a t time 
b u t little  known, b u t which have since become very 
fam iliar to  us as denizens of th e  abyssal zone. 
W orking from m ore extended data, Professor Oscar 
Schm idt afterw ards defined th e  group more exactly 
as a fam ily, under th e  nam e of H exactinellida—the 
term  which I  shall here adopt.

T he relations and  peculiarities of th is  singular 
group w ill be fully discussed in  a  fu tu re  chapter. 
The m ost characteristic forms which we m et w ith on 
th is occasion were th e  beautiful sea-nests of the 
Setubal shark-fishers, Holtenia carpenteri, W y. T. 
(Fig. 6), and  th e  even m ore strange Hyalonema  
lusitanicum9 B a r d o z a  d e  B o c a g e , closely related to 
th e  glass-rcpe sponges of Jap an  which have so long 
perplexed natu ra lists  to  determ ine th e ir position in 
th e  anim al series, and th e ir relation to the ir constant 
com panion th e  parasitic Palythoa.

H oltenia carpenteri is an  oval or sphere 90 to 100 
m m . in  height, w ith  one large oscular opening a t the 
top  about 30 mm. in  diam eter, whence a simple 
cylindrical cavity cupped a t the bottom  passes down 
vertically in to  th e  substance of th e  sponge to  the
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depth of 55 mm. T he outer w all of th e  sponge

F in .  ( ¡ . - H o l t e n i a  c m -p c n tc r i.  W t v i l l e  T iïo m ro n .  H n l f lh o  n a tu r a l  s iz e . (N o . 12 .)

consists of a com plicated network of the cross-like
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heads of five-rayed spicules. One ray of each 
spicule dips directly in to  th e  body of the sponge, 
and  th e  other four, which are a t righ t angles to  it, 
form  a cross on th e  surface, giving i t  a beautiful 
stellate  appearance. The silicious rays of one star 
curve tow ards and meet th e  rays of th e  neighbouring 
stars, and  ru n  parallel w ith  them . A ll th e  rays of 
all th e  spicules are th ickly  invested w ith  consistent 
sem i-transparent gelatinous m atter, which binds the ir 
concurrent branches together by an  elastic union, 
and fills u p  th e  angles of th e  meshes w ith  softly 
curved viscous masses. This arrangem ent of the 
spicules, free and  yet adhering together by long 
elastic connections, produces a strong, flexible, and 
very extensible tissue. The cylindrical oscular cavity 
w ith in  th e  sponge is lined w ith  nearly  th e  same kind 
of network.

W hen  th e  sponge is living, th e  interstices of th e  
silicious netw ork are filled up both  outside and in w ith 
a  delicate fenestrated m em brane formed of a glairy 
substance like w hite of egg, which is constantly 
m oving, extending or contracting th e  fenestræ, and 
gliding over th e  surface of th e  spicules. This 
4 sarcode,’ w hich is th e  living flesh of th e  sponge, 
contains d istribu ted  th rough  i t  an  infinite num ber 
of very m inu te  spicules, presenting the most sin
gu lar and elegant forms very characteristic of each 
species of sponge. A constant cu rren t of w ater 
carried along by th e  action of cilia passes in  by 
apertu res in  th e  ou ter wall, courses th rough  the 
passages in  th e  loose tex tu re  of th e  interm ediate 
sponge-substance carry ing  organic m atter in solution 
and particles of nourishm ent in to  all its  interstices,
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and finally passes out l»y the large ‘ oscu lum ’ a t  the 
top. Over the upper th ird  of the sponge a  m ultitude 
of radiating  rigid silicious spicules form  a k ind of 
ornam ental frill, and from th e  lower th ird  a perfect 
maze of delicate glassy filaments, like fine w hite hair, 
spread out in all directions, penetrating the semi-fluid 
mud, and supporting th e  sponge in  its  precarious bed 
by increasing its surface indefinitely while adding 
b u t little  to  its  weight.

This is only one of th e  ways by which sponges 
anchor themselves in  th e  ooze of th e  deep sea. 
Hyalonema  sends righ t down through th e  soft 
m ud a coiled whisp of strong spicules, each as thick 
as a k n itting  needle, which open out in to  a brush 
as the bed gets firmer, and fix th e  sponge in  its place 
somewhat on the principle of a screw pile. A  very 
singular sponge from deep w ater off th e  Loffoten 
Islands spreads in to  a  th in  circular eake, and adds 
to its surface by sending ou t a flat border of silky 
spicules, like a  fringe of w hite floss-silk round a 
little  yellow m at ; and the lovely Euplectella , whose 
beauty is imbedded up to  its  fretted  lid in  th e  grey 
m ud of the seas of the Philippines, is supported by 
a  frill of spicules standing up  round i t  like Queen 
E lizabeth’s ruff.

The sponges of the deep-water ooze are by no 
m eans confined to one group. The Hexactinellida? 
arc perhaps th e  m ost abundant, bu t corticate sponges 
even, closely allied to  those which look so rig id  when 
fixed to  stones in shallow water, send out long anchor
ing spicules and balance themselves in th e  soft mud 
(Fig. 7) ; and off th e  coast of P o rtugal M r. Gwyn 
Jeffreys dredged in  1870 several small forms of
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th e  Ralicliondridœ, w ith  long supporting  fibrous 
beards.

F rom  its  appearance w hen brought up H oltenia  
evidently lives buried in  th e  m ud to its  upper fringe 
of spicules. W hen freshly dredged, i t  is loaded w ith

F io . 7 . — T is ip h o n ia  a g a r ic i fo r m is ,  W y v i l l *  T h o m s o n . N a tu r a l  s iz e . (N o . 1 1 )

p a l e  g r e y  s e m i - f l u i d  s a r c o d e ,  f u l l  o f  Globigerina?, 
Triloculina, a n d  o t h e r  r h i z o p o d a ,  a n d  c o v e r e d  i n  o u r  
n o r t h e r n  l o c a l i t i e s  w i t h  t h e  l i t t l e  o p h i u r i d  Am phiura  
abyssicola, S a r s ,  a n d  t h e  e x q u i s i t e l y  d e l i c a t e  t r a n s -
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paren t clara, Pecten vitreus, C h e m n i t z . Holtenia  
extends from th e  B u tt of th e  Lews to  G ibraltar, in 
from 500 to  1,000 fathom s. M r. Saville K ent, 
dredging in  M r. M arshall H all’s yacht ‘N orna,’ found 
a  singular variety off th e  coast of Portugal, which 
from its  flatter, m ore hem ispherical form , and more 
rigid anchoring spicules, probably inhabits a firm er 
medium.1

As m ight be expected, th e  A tlan tic  ooze of th is  
station, rich  in  rhizopods giving an  am ple supply of 
food, and with a com paratively m ild  clim ate, yielded 
many living forms belonging to  various orders. A long 
w ith Globigerinœ and other sm all forms there  were 
m any large rhizopods, am ong them  Rhabdammina  
abyssorum, S a r s ,  a singularly regular trirad ia te  sandy 
form of a b righ t orange colour, and very hard  ; from 
analyses made by D r. W illiam son a t  th e  request 
of D r. Carpenter, its  hardness is apparently  owing to 
th e  cem ent employed by th e  anim al in  th e  construc
tion of its case containing phosphate of iron , th e  only 
instance of th e  use of th is  substance for such a 
purpose of w hich we are yet aware : Astrorhiza  
limicola, S a n d a h l ,  a large irregularly-form ed rhizo- 
pod w ith a soft te s t of m ud and  sand : m any large 
Cornuspira* and Textulariœ , and large JBi- and T ri
loculina  and o ther miliolines : a  few zoophytes, and 
especially common th e  curious sea-pen Kophobelem
non  m ulleri, S a r s ,  and  th e  fine branching coral,

» O n th e  H exactinellidae, o r H exrad iu te  Spiculed Silicious Sponges, 
taken  in  th e  ‘ N o m a ’ E x p ed itio n  off th e  coast o f P o r tu g a l; w ith  
D escription o f N ew  Species an d  R evision o f  th e  O rder. By W . Saville 
K en t, F .L .S ., F .R .M .S ., o f  th e  Geological D epartm en t, B ritish  
M useum . (M onth ly  M icroscopic Jo u rn a l, N ovem ber 1st, 1870.)
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Lophohelia prolifera, P a l l a s  : am ong Ecliinoderms 
some beautiful varieties of Echinus norvegicus, D. and 
K., E . elegans, D. and K ., Ophiocten sericeum, F o r b e s ,  
and Ophiacantha spinulosa, M . and  T., which seems to 
be universal in  deep water, and th e  curious little  
crinoid Rhizocrinus lofotensis, S a r s ,  w hich w ill be 
described hereafter : some rem arkable crustaceans, 
including as one of th e  m ost prom inent a  scarlet 
M unida  w ith rem arkably large b rillian t eyes, of the 
colour and lustre  of burnished copper.

"We now proceeded towards Stornoway, which we 
reached on th e  9th  of September, dredging on our 
way in  shallowing w ater, and s till m eeting w ith in 
teresting  th ings such as A ntedon celticus, B a r r e t t ,  
collected previously by M r. Gwyn Jeffreys on th e  
coast of Ross-shire ; abundance o f ‘th e  p ip e r/ Cidaris 
papilla ta , L e s e e ,  u n til lately one of th e  prizes of the 
B ritish collector, now known to be perhaps th e  
m ost abundant of th e  larger living forms a t depths 
from 250 to  500 fathom s in  th e  B ritish  seas.

The w eather now looked more promising. I  was 
unfortunately  obliged to  re tu rn  to m y duties in 
D ublin ; bu t as th e  results already obtained led Dr. 
C arpenter strongly to  desire an  opportunity  of 
exam ining both th e  tem perature and  th e  anim al life 
of still deeper waters, it  was though t by him  and 
Captain M ay th a t, notw ithstanding the lateness of the 
season, it  would be w orth while to venture another 
short cruise in a westerly direction, where it  was 
known from previous soundings th a t  th e  depth was 
beyond 1,000 fathoms. Accordingly, a lte r  re-fitting, 
an operation which in some respects was sorely 
needed, and restoring as la r  as possible th e  lost dredg-
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ing gear, the c L ightn ing  ’ once more steamed out of 
Stornoway H arbour on th e  14th  of September.

A fter a fine ru n  of 140 miles in a  north-westerly 
direction from th e  B u tt of th e  Lews, a  sounding was 
taken on th e  m orning of Septem ber 15th, in  lat. 
50° 50', long. 0° 15', w ith a bottom  of A tlan tic  ooze, 
a t  a depth of G50 fathom s (Station 14). S till running 
north-w estw ard sixty miles further, another sound
ing was taken on th e  18th, a t 570 fathom s, when the 
scoop of the sounding instrum ent brought up  scarcely 
anyth ing  bu t en tire  G/obigeriiue, like th e  finest sago. 
F ifty  miles further, in  th e  same direction, bottom  
was found a t 650 fathom s; b u t on th is  occasion 
th e  sounding-lead and  th ree therm om eters were 
unfortunately  lost in hauling  up, so th a t th e  tem 
perature was not ascertained. A  hau l of th e  dredge 
was taken, however, a t th is great depth, 120 fathoms 
deeper than  a t any of th e  previous stations, perfectly 
successfully, the dredge bringing up  2^ cwt. of very 
viscid greyish w hite mud. The m ud was everywhere 
traversed by th e  long glassy root-fibres of anchoring 
sponges, and about 50 fathom s from  th e  dredge there 
were two w hite tu fts  of such fibres sticking to the 
rope, no doubt pulled off th e  ground, as they en
tangled in  the ir meshes some ophiurids, some small 
crustaceans, and one or two tube-form ing annelids. 
Jn  the m ud was a rem arkable sea-pen, which Pro
fessor Kolliker, who has undertaken the description 
of such tb ings procured in our several expeditions, 
refers to a new genus under th e  nam e of Ballii/- 
pHlnm, carpa uteri, and some large foraminifera. 
Dr. C arpenter now stood due north, w ishing to get 
into the deep trough between the Hebrides and
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Bockall, and on the m orning of Septem ber 17th 
sounded a t a  depth of 620 fathom s, in la t. 59° 49', 
long. 12° 36', w ith a ‘ warm area ’ tem perature.

The w eather now again broke, became too u n 
favourable for work, and grew worse u n til th e  fore
noon of the 20th, when St. K ilda was in  sigh t and  it 
was blowing a strong gale with a heavy sea. A t day
ligh t on M onday th e  21st off B arra H ead th e  south 
point of th e  Hebrides, a fresh easterly wind blowing 
th e  barometer low and appearances suspicious, Capt. 
M ay did not deem it advisable to  stand to sea again. 
H e therefore, after consultation w ith D r. Carpenter, 
determined to conclude the work, proceeded down the 
Sound of M ull, and anchored a t  Oban on th e  same 
afternoon.

A t Oban Dr. Carpenter and his young son, who 
had  m anfully borne no little  hardship and helped to 
lighten  th e  evil tim es to  his seniors, w ent on shore 
and proceeded southwards by land.

H er fate pursued the ‘ L igh tn ing .’ A fter ly ing  a 
couple of days a t Oban, C aptain M ay started  for 
Pembroke on th e  24th September. On th e  25th 
off th e  Calf of M an, th e  barom eter having suddenly 
fallen and th e  wind and sea fast rising, he determined 
to rim  for Holyhead, when suddenly, w ithout increase 
óf wind and in  a  roll no t heavier th a n  usual, th e  whole 
of the w eather fore-rigging w ent by th e  straighten ing  
or breaking of the iron hooks which held it. Luckily 
th e  m ast did not fall, and after an  hour spent in tem 
porarily repairing i t  the ‘ L igh tn ing  ’ proceeded on 
her course and anchored in  the new harbour of 
Holyhead about 0 p . m .

The general results of the ‘ L ig h tn in g ’ expedition
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were upon th e  whole as satisfactory as we had ventured 
to  anticipate. The vessel was certainly no t well suited 
for the purpose, and th e  w eather th roughout the cruise 
was very severe. D uring  th e  six weeks which elapsed 
between our departure from Oban and our retu rn  only 
ten  days were available for dredging in  th e  open sea, 
and on four of these only we were in  w ater over 500 
fathom s deep. O n our re tu rn  D r. Carpenter subm itted 
to  th e  lto y a l Society a  prelim inary report on the 
general resu lts  of the cruise, and these were regarded 
by the Council of th e  Society as sufficiently new and 
valuable to  ju stify  a  strong representation to  the 
A dm iralty  urging th e  im portance of continuing an 
investigation which had already, even under unfavour
able circum stances, achieved a  fair m easure of success.

I t  had  been shown beyond question th a t animal 
life is varied and abundant, represented by all the 
invertebrate groups, a t  depths in  the ocean down to 
G50 fathom s a t  least, notw ithstanding the ex tra
ordinary conditions to  which anim als are there  
exposed.

I t  had been determined th a t, instead of the water 
of th e  sea beyond a  certain  depth varying according 
to la titude having a uniform  tem perature of 4° C., an 
ind raugh t of A rctic w ater m ay have a t  any depth 
beyond th e  influence of th e  direct rays of th e  sun a 
tem perature so low as — 2° C.; or on th e  other hand, 
a  w arm  curren t m ay have a t any m oderate depth a 
tem perature of G° 5 C. : and it had been shown th a t 
great masses of w ater a t  different tem peratures are 
m oving about, each in its particu lar course ; m ain
ta in ing  a rem arkable system of oceanic circulation, 
and yet keeping so d istinct 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 th a t a large proportion 
of th e  forms living a t great depths in  the sea belong 
to  species hitherto  unknown, and th a t thus a new 
field of boundless extent and great interest is open 
to  the naturalist. I t  had been further shown th a t 
many of these deep-sea animals are specifically identi
cal with tertiary  fossils hitherto’ believed to be extinct, 
while others associate themselves w ith 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.

T l l o n S I I A V S
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A P P E N D IX  A.

P a rticu la rs  o f  D ep th , Tem pera ture , a n d  P o s itio n  a t  the  va rio u s  
D redg ing  S ta tio n s  o f  H .M .S .  ‘ L i g h t n i n g i n  the S u m m e r  o f  
1 S 6 8  ;  the  T em pera tures coiTected f o r  pressure.

Numl>or 
of Station.

D epth  in 
Fathom s.

Bottom
Tem poraturc.

8urfaco
Tem pom ture. ro s ltlo n . • -

6 510 0°* 5 C. 11° 1 c. 60c 45 ' N. 4° 4 9 'W.

7 500 1 • 1 10 5 60 7 5 21

8 550 - 1 * 2 11 7 60 10 • 5 59

10 500 0 • 3 10 5 60 28 6 55

11 450 - 0  • 5 10 0 60 30 '7 16 •

12 530 6 • 4 11 3 59- 36 7 20 ‘

14 650 5 • 8 11 7. 59 59 9 15 •

15 570 6 • 4 11 1 ' 60 38 ' *. -11 7 •

17 620 6 * 4 11 1 59 49 12 36



CHAPTER III .

T H E  C R U I S E S  O F  T H E  c P O R C U P I N E . ’

T h e  E q u ip m en t o f th e  Vessel.— T he first Cruise, under th e  direction 
o f M r. G w yn Jeffreys, off th e  W est Coast o f Ire land  and  in  the  
C hannel betw een Scotland  an d  R ockall.— D redging carried dow n 
to  1,470 fathom s.— Change o f A rrangem ents.— Second C ru ise ; to  
th e  B ay o f  Biscay.— D redging  successful a t  2 ,435 fathom s.— T hird  
C ruise ; in  th e  C hannel betw een Fæ roe an d  S he tland .— T h e  F auna 
o f  th e  * C old A rea.'

A p p e n d i x  A .— Official D ocum ents and  Official A ccounts 'o f prelim inary  
P roceedings in  connection w ith  th e  E xplorations in  H .M . Survey- 
ing-ves8el ‘ Porcup ine ,’ du rin g  th e  Sum m er o f 1869.

A p p e n d i x  B .— P articu lars  o f D e p th , T em perature, and  P osition  a t  the  
various D redging  S tations o f H .M .S . ‘ Porcup ine ,’ in  th e  Sum m er 
o f 1869.

% • The bracketed numbers Co the xooodculs in  this chapter refer to the dredging 
stations on Plates / / . ,  I I I ., and IV .

On the 18 th  of M arch, 1869, an  oral com munication 
was made by th e  H ydrographer to  th e  N avy th a t  the 
Lords Commissioners of th e  A dm iralty  had acceded 
to  th e  wish of th e  Council of th e  Royal Society, and 
th a t  H .M . Surveying-vessel ‘ Porcupine ’ had  been 
assigned for th e  service.

The equipm ent of th e  ‘Porcupine’ progressed rapidly 
under th e  direction of her commander, C aptain Calvcr, 
w ith th e  careful superintendence in all m atters bearing
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upon th e  efficiency of the scientific appliances, of 
l) r . C arpenter assisted by a  com mittee composed 
of the officers and a few of th e  members of th e  Boyal 
Society. The 4 Porcupine,’ though a  sm all vessel, was 
well suited for the work ; thoroughly seaworthy, very 
steady, and fitted up for surveying purposes. Captain 
Calver and his officers had long been engaged in  the 
arduous and responsible duty  of conducting th e  sur
vey of the east coast of B ritain , and were trained to 
m inute accuracy and thoroughly versed in the use of 
instrum ents and in  th e  hearings of scientific investi
gation. The crew were chiefly known and tried  men, 
Shetlanders who had spent m any successive summers 
in  the ‘ Porcupine ’ under Captain Calver’s command ; 
re tu rn ing  to th e ir homes in Shetland for the winter, 
while the vessel was laid up and the officers employed 
in bringing up th e ir office work at their liead-quarters 
in Sunderland.

The working of the dredge was superintended 
throughout by Captain Calver, whose trained ability 
very early gave him  so complete a m astery over the 
operation th a t he found no difficulty in  carrying it 
down to  depths a t which th is kind of exploration 
would have been previously deemed out of th e  ques
tion. I t  is impossible to speak too highly of the skill 
lie displayed, or too warmly of the sym pathy he showed 
in our work. I t  is a  pleasure to add th a t the other 
officers of the * Porcupine,’ Staff-Coiumander Inskip, 
M r. Davidson, and L ieutenant Browning, most heartily 
and zealously seconded th e ir commander in promoting 
alike th e  scientific objects of th e  expedition and the 
welfare and comfort of all who were engaged in carry
ing them  out.
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As it was intended th a t th e  exploration in  the 
* Porcupine ’ in  th e  sum mer of 18G9 should occupy 
m uch more tim e, and if  possible he much more 
thorough th a n  th a t in  th e  4 L ightn ing  * th e  year 
before, the preparations for the ‘ Porcupine 9 expedi
tion were m uch m ore elaborate and comprehensive. 
The Comm ittee of the Royal Society were desirous 
th a t various im portan t questions as to  th e  physical 
condition and  chemical composition of th e  w ater a t 
great depths should be investigated ; and th e  singular 
tem perature results of th e  form er cruise ably discussed 
by D r. C arpenter in  his prelim inary report had  excited 
so m uch curiosity and in terest th a t th e ir  fu rth er elu
cidation was regarded as vieing in  im portance w ith 
th a t of the d istribution and conditions of anim al life. 
I t  was consequently decided th a t the naturalists direct
ing th e  expedition should be accompanied by assistants 
tra ined  in  chemical and physical work, and th e  chart- 
room of th e  vessel was fitted up as a  tem porary 
laboratory, w ith physical and chemical apparatus and 
microscopes.

The vessel was available from th e  beginning of 
M ay to  the middle of September, and as i t  was im 
possible for those who had conducted th e  previous 
expedition to  be absent so long from th e ir public 
duties, i t  was resolved to  have th ree separate cruises ; 
and M r. Gwyn 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 w ith  D r. C arpenter and 
myself, and undertook th e  scientific charge of the 
first cruise.

Mr. Gwyn Jeffreys was accompanied by M r. AV.
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L an t Carpenter, .B.Sc., as chem ist and physicist ; and 
during  th e  first cruise they explored th e  west coast of 
Ireland, th e  Porcupine Bank, and the channel between 
Bockall and th e  coast of Scotland. I t  was originally 
arranged th a t th e  second expedition, under the charge 
of th e  w riter w ith  th e  assistance of M r. H un ter, 
M .A., P.C.S., assistant in  th e  Chemical Laboratory in  
Belfast, in  the physical departm ent, should take  up 
th e  ground to  th e  north  of Bockall, leading northw ards 
to  th e  poin t where we had left off th e  year before; 
h u t subsequently, for reasons which w ill be explained 
hereafter, we altered our p lan  and took th e  second 
cruise in  the Bay of Biscay. D r. Carpenter took the 
direction of the last cruise, in  which we carefully 
worked over th e  ‘ L ightn ing  channel,* and checked 
our previous observations ; M r. P . H erbert Carpenter, 
our form er companion in  th e  * L igh tn ing ,’ doing the 
analyses of w ater, and determ ining th e  am ount and 
composition of its  contained air ; while I  w ent as 
supernum erary and m ade m yself generally useful.

T he special appliances and apparatus w hich were 
prepared under D r. C arpenter’s superintendence, after 
m uch consultation am ong experts in  different depart
m ents, for carrying out th e  various investigations, will 
be described, each in  its  place, when describing the 
several m ethods of investigation and th e ir general 
results.

F o r th e  m anagem ent of th e  dredging operations 
two assistants were appointed on the recom m endation 
of M r. Gwyn Jeffreys,—M r. L aughrin , of Polperro, 
an  old coast-guard m an and an associate of the Lin- 
næ an  Society, for dredging and sifting ; and Mr. B. 
S. Dodd, for picking out, cleaning, and storing the
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specimens procured. Both rem ained w ith  us the 
whole summer.

The first cruise of th e  ‘ Porcupine * under th e  scien
tific charge of Mr. Gwyn Jeffreys commenced on the 
18th of M ay and ended on th e  13th of Ju ly . I t  ex
tended for a  distance of about 450 miles along the 
A tlan tic  coasts of Ireland  and Scotland, from Cape 
Clear to R ockall; and included Lough Swilly and 
Lough Poyle and the N orth  Channel to  Belfast.

The first dredgings were made about 40 miles off 
V alentia, in  110 fathom s w ater w ith a  bottom  of 
m ud and sand. The resu lt of th is  dredging gives a 
fair idea of th e  fauna of the 100-fathom line on th e  
west coast of Ireland. The m ollusca are m ostly 
northern species, such as N ea ra  rostrata , S p r e n g l e r ;  
Verticordia abyssicola, J e f f r e y s ;  D entalium  abys
sorum, S a r s ; Buccinum  humphreysianum, B e n n e t t ;  
and Pleurotoma carinatum , B i v o n a .  Some however, 
as Ostrea cochlear, P o l i  ; Aporrhais serresianus, 
M i c i i a u d ;  M urex lamellosus, C r i s t o f o r i  and J a n ;  
and Trochus granulatus, B o r n , —are M editerranean 
forms, and im part somewhat of a  southern character 
to  th e  assemblage. Cidaris papilla ta , L e s k e  ; E chi
nus rarispina, G. O. S a r s  ; E . elegans, D. and K. ; 
Spatangus raschi, L o v é n ;  and several varieties of 
Caryophyllia borealis, F l e m i n g ,  were abundant : 
b u t these species seem to abound a t  a depth  of from 
100 to 200 fathoms from th e  M editerranean to  the 
N orth  Cape.

A fter coaling a t Galway they proceeded southwards, 
and as the w eather was very rough and unprom ising 
they  dredged in shallow water, from 20 to 40 fathoms, 
in Dingle Bay : and the nex t week, w ith improving
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weather, off V alentia and between V alentia and 
Galway, a t  depths varying from 80 to 808 fathoms 
(Station 2), w ith  a tem perature a t th e  la tte r depth of 
5°-2 C. The general character of th e  fauna was tha t 
which we have h itherto  been in the hab it of regarding 
as N orthern. Several in teresting th ings were m et 
w ith— Nucula tum idula , M a l m . ;  L eda  frigidaSSoTXEbL; 
Verticordia abyssicola, J e f f r e y s ;  and Siphonodenta
lium quinquangtdare, P o r b e s .  Am ong th e  echino- 
derms a m ultitude of th e  large form  of Echinus norve-

F io . 8 .— G onop lax  rhom boides, F a b r ic iu s .  Y oung. T w ice th e  n a tu ra l s ize . (No. S.)

gicus, D. and K ., w hich I  am  now inclined to  regard, 
along w ith  several of its allies, as a m ere variety of 
E . flem ingii, B a l l  ; and th e  fine asterid already 
m entioned, B risinga coronata, G. O. S a r s .  Some 
in teresting  crustaceans, including Gonoplax rhom
boides, P a b .  (Pig. S), a  well-known M editerranean 
species, and a young specimen of Geryon tridens, 
K r o y e r  (P ig. 9), a ra re  Scandinavian form, and the 
only known N orth European brachyurous crustacean
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which had not previously been taken in the British 
seas.

H ere th e  M iller-Casella therm om eters were tried 
for th e  first tim e and compared w ith  those of the 
ordinary construction. The m inim um  recorded by 
one of th e  former was 5°-2 C., while th a t recorded by 
one of the best ordinary instrum ents of the Hydro- 
graphic Office pa tte rn  was 70,3 C. As th is difference 
of 2° C. was alm ost exactly w hat th e  results of th e  ex
perim ent previously made had indicated as th e  effect

F io . 9.—<kryou ¡rulen*, KuovKn. Young. Twiuu llu* iiulurnl niso. (Nu. 7.)

of a pressure of 1 ton on the square inch, which is 
about equal to th e  pressure of a column of sea-water 
of 800 fathom s, th is close coincidence gave great 
confidence in  th e  practical working of th e  protected 
instrum ent, a confidence which all subsequent ex
perience has fully justified.

Mr. Gwyn Jeffreys and his companions next pro
ceeded to  exam ine th e  sca-bed between Galway and 
Porcupine Bank, a shoal discovered during one of
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th e  previous cruises of our little  vessel under the 
command of Lieut. H oskyn, R .N . The deepest 
dredging of th is  excursion was 1,230 fathoms, w ith 
a  m inim um  tem perature of 3° 2 C., and a bottom  of 
fine grey m ud w ith  a considerable adm ixture of 
sand. A nim als were abundant even a t th is great 
depth : am ong th e  mollusca several new forms allied 
to  A r c a ; Trochus minutissimus, M i g h e l ,  a N orth 
A m erican species ; and several others ; several crus
taceans, and m any in teresting  foraminifera. As in 
previous dredgings in  deep water, th e  miliolines were 
of very large size, and the large cristellarians showed 
every gradation in  the ir axis of growth from the 
rectilineal to th e  spiral. I n  th e  shallower dredgings 
of th is cruise th e  general character of th e  fauna was 
m uch th e  same as before. I t  had w hat we have been 
in  th e  hab it of considering a northern  ‘ facies/ but 
probably, as already explained, because the largely 
extended deep-water fauna a t a  tem perature of 
0° to  +  3° C., of which i t  forms a part, has h itherto  
only been investigated off the coast of Scandinavia, 
where it crops up  w ithin reach of observation.

Lim opsis aurita , B r o c c h i  ; A rca  glacialis, G r a y  ; 
Verticordia abyssicola, J e f f r e y s ;  Dentalium  abys
sorum , S a r s  ; Trochus cinereus, D a  C o s t a  ; Fusus 
despectus, L. ; F. islandicus, C h e m .  ; F. fenestratus , 
T u r t  ; Columbella ha liaeti, J e f f r e y s  ; Cidaris papil- 
laia, L e s k e  ; Echinus norvegicus, D .  a n d  K. ; a n d  
Lophohelia pro lifera , P a l l a s ,  w e r e  f o u n d  i n  t h e s e  
d r e d g i n g s .

The ‘ Porcupine ’ nex t p u t into Killibegs Bay, on 
th e  no rth  coast of Co. Donegal, and coaled there for 
her tr ip  to Rockall. As it  was anticipated th a t this
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trip  would require a clear fortn ight, as m uch coal was 
stacked on deck as was considered prudent.

This cruise was entirely successful. The w eather 
was rem arkably fine, and M r. Gwyn Jeffreys’ party  
found i t  possible to  work the dredge during  seven 
days a t depths exceeding 1,200 fathom s, and on four 
days a t less depths. The greatest depth  achieved was 
1,476 fathom s (Station 21), and  th is dredging yielded 
mollusca, a stalked-eyed crustacean w ith  unusually  
large eyes, and a  fine specimen of H olothuria treumla.

The deep dredgings in  th is tr ip  yielded an abund
ance of novel and most in teresting  results in  every 
sub-kingdom of th e  invertebrates. A m ong th e  m ol
lusca were valves of an  im perforate brachiopod, w ith 
a septum  in  th e  lower valve, w hich M r. Jeffreys 
proposes to  nam e A tre tia  gnomon. Am ong th e  crus
tacea were new species of th e  Diastyliclœ , and  m any 
forms of Isopoda, Am phipoda , and Ostracoda, several 
of them  new to  science.

Two or th ree specimens were obtained a t  a  depth 
of 1,215 fathom s (S tation 28) of a very rem ark
able eckinoderm  belonging to  th e  genus Pour
talesia , A. Ag. A ll these specimens were appa
rently  im m ature, judg ing  by th e  condition of the 
ovaries. I  have nam ed th is species provisionally 
Pourtalesia phiale. A fter careful consideration I  
have come to th e  conclusion th a t i t  is no t the 
young of a form of which we afterwards took a 
m ature example in  the cold area between Fæ roe and 
Shetland (Station 64), w hich will be described here
after. F ine corals were constantly  dredged in  the 
more m oderate depths, particularly  great living masses 
of Lophohelia prolifera  (Fig. 30), w ith sm aller tufts
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of Am phihelia  ramea, and  everywhere th e  several 
varieties of Caryophyllia borealis.

T he foram inifera, as before, were rem arkable for 
th e ir size, and  th e  same types were predom inant; 
bu t species were here obtained for th e  first tim e of a

... “

F io . IO.-OrbitolHr* U nuivimi", C a h p e k tk r  MSS. Magnified. (No. 28.)

peculiarly in teresting  O rbitolite, a  type n o t h itherto  
discovered fa rther no rth  th a n  th e  M editerranean, 
and th e re  a tta in ing  a com paratively sm all size. 
Orbitolites tenuissimus, C a r p e n t e r  MSS. (Fig. 1 0 ) ,  
is w hen complete about th e  size of a  sixpence, and as
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th in  as paper. P rom  its extrem e ten u ity  and the 
ease w ith which the rings of cham berlets of which 
it is composed separate from  one another, all our 
large specimens were more or less injured. A ll 
th e  cham berlets are on the same p lane; th is spe
cies therefore belongs to th e  ‘ simple type ’ of the 
genus, though  th e  form  of th e  cham berlets corre
sponds, as Dr. Carpenter has pointed out, w ith  those 
of the superficial layer in  th e  complex type. A nother 
peculiarity which Dr. Carpenter regards as of special 
im portance in  its  general bearings, is th a t, instead of 
commencing w ith  a  ‘ c e n tra l9 and ‘ circum am bient ’ 
cham ber like th e  ordinary Orbitolites, th is form  com
mences w ith a spine of several tu rn s  like th a t  of a 
young Cornuspira, thus showing th e  fundam ental 
conformity of th is cyclical type to the spiral plan of 
grow th.1

As I  have already m entioned, i t  was th e  original 
in tention  to devote th e  second cruise to  the exploration 
of an area to  th e  w est of th e  outer Hebrides, between 
Rockall and th e  south-western lim it of last year’s 
work in  th e  c L igh tn ing .’ D uring  th e  first cruise 
however dredging had been carried down successfully 
to  a  depth of nearly 1,500 fathom s ; and th e  result 
so fa r realized our anticipations, and confirmed the 
experience of last year. The conditions (to th a t 
g reat depth a t all events) were consistent w ith  th e  life

1 Researches on th e  Foram inifera. T a rt I. In  th e  Philosophical 
Transactions o f th e  R oyal Society o f London for th e  year 1855. 
P . 193 el seq.

In tro d u ctio n  to  th e  S tu d y  o f th e  Foram inifera. B y  W illiam  1». 
C arpenter, M .D ., F .R .S ., F .L .S ., F .G .S ., «fee. P u b lish ed  for th e  Roy 
»Society, 1862. P . ICC ct m /.
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of all th e  types of m arine invertebrata  ; though 
undoubtedly in  very deep w ater th e  num ber of species 
procured of th e  higher groups was greatly  reduced, 
and in  m any cases th e  individuals appeared to  be 
dwarfed. F rom  these observations (which thoroughly 
corroborated those of D r. W allich and  others, about 
which there had been some difference of opinion on 
account of th e  im perfection of th e  appliances a t the 
command of the observers), we concluded th a t  prob
ably in  no part of th e  ocean were th e  conditions so 
altered by depth as to  preclude th e  existence of 
anim al life,—th a t life had no bathym etrical lim it. 
S till we could not consider the question thoroughly 
settled ; and w hen upon consultation w ith  C aptain 
Calver we found him  perfectly ready to  a ttem pt any 
depth, and from his previous experience sanguine of 
success, we determ ined to  apply to the H ydrographer 
to  sanction an a ttem pt to dredge in  th e  deepest sound
ings w ithin our reach, viz. 2,500 fathom s indicated 
on th e  chart 250 miles west of U shant. The deepest 
reliable soundings do not go m uch beyond 3,000 
fathom s; and  we felt th a t if  we could establish the 
existence of life, and if  we could determ ine th e  
conditions w ith accuracy down to  2,500 fathom s, the 
general question would be v irtually  solved for all 
depths of th e  ocean, and any further investigation of 
its  deeper abysses would be mere m atte r of curiosity 
and of detail. The H ydrographer cordially acquiesced 
in  th is change of p la n ; and on th e  17th of Ju ly  the 
4 Porcupine’ left Belfast under th e  scientific direction 
of the w riter ; M r. H unter, F.C.S., Chemical A ssistant 
in  Queen’s College, Belfast, tak ing  charge of the 
exam ination and analysis of the sea-water.
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The w eather was very settled. On th e  Sunday, as 
we steam ed down th e  Irish  C hannel there was nearly 
a dead calm, a  slight m ist hanging over th e  w ater 
and giving some very beau tifu l effects of coast 
scenery. On th e  evening of Sunday th e  18tli we 
anchored for th e  n igh t off B allycottin , a  p re tty  little  
port about fifteen miles from  Queenstown, and 
dropped round to  Queenstown on M onday m orning, 
where we anchored off H aulbow line Island  a t  7 a .m .  
A t Queenstown M r. P . H erb ert C arpenter joined 
M r. H u n te r in  th e  laboratory, to  practise under his 
direction th e  gas-analysis, which i t  had been arranged 
th a t he should undertake during th e  th ird  cruise. 
Monday th e  18th  was employed in coaling and pro
curing in  Cork some th ings w hich were required  for 
th e  chemical departm ent ; and  a t  7 p .m .  we cast off 
from the w harf a t  H aulbow line and  proceeded on our 
voyage.

D uring M onday n ig h t we steam ed in  a south
westerly direction across th e  m outh of th e  Channel. 
On Tuesday we dredged in  74i and 75 fathom s on the 
p lateau which extends between Cape Clear and U shant, 
on a  bottom  of m ud and gravel w ith  dead shells and 
a few living examples of the generally diffused species 
of m oderate depths. The w eather was rem arkably  
fine, th e  barom eter 30-25 in., and  th e  tem perature  of 
the air 22°*5 C.

On W ednesday, Ju ly  21, we continued our sou th 
westerly course, th e  chart indicating during  th e  earlier 
p a rt of th e  day th a t we were still in  th e  shallow 
w ater of th e  plateau of th e  Channel. Á t 1.30 a .m .  
we dredged gravel and dead shells in 95 fathom s, b u t 
towards mid-day the lead gave a m uch g rea ter depth ;
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and in  the afternoon, rapidly passing over th e  edge 
of th e  plateau, we dredged in  725 fathom s w ith a 
bottom  of m uddy sand (Station 3G). This is about 
the bathym etrical horizon a t  which we find the 
vitreous Sponges in  th e  no rthern  area ; and although 
th e  bottom  is here very different, m uch m ore sandy 
w ith b u t a slight adm ixture of globigerina ooze, we 
dredged a  specimen, tolerably perfect though  dead, 
of Aphrocallistes bocagei, W r i g h t ,  a vitreous sponge 
lately described by D r. E . Perceval W rig h t from a 
specimen procured by Professor Barboza de Bocage 
from  th e  Cape-Verde Islands, and one or tw o sm all 
specimens of H oltenia carpenteri^ W y. T. The m uddy 
sand contained a  considerable proportion of gravel 
and  dead shells.

O n Thursday, Ju ly  22, th e  weather was still re
m arkably fine. The sea was m oderate, w ith  a  slight 
swell from th e  north-w est. W e sounded in  la t. 47° 38' 
N., long. 12° 08' W ., in  a  depth of 2,435 fathom s 
(Station 37). w hen th e  average of th e  M iller-Casella 
therm om eters gave a  m inim um  tem peratu re of 
2°*5 C.

As th is was about th e  g reatest depth  w hich we had 
reason to  expect in  th is neighbourhood, we prepared 
to  take  a cast of the dredge. This operation, ra th e r 
a serious one in such deep w ater, w ill be described 
in  detail in  another chapter. I t  was perfectly suc
cessful. The dredge-bag which was safely hauled 
on deck a t  1 o’clock on th e  m orning of th e  23rd, 
after an  absence of 7^ hours and a journey of up 
wards of eight s ta tu te  miles, contained Ü  cwt. of 
very characteristic grey chalk-m ud. The dredge 
appeared to  have dipped ra th e r deeply in to  th e
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soft mud, as i t  contained am orphous paste w ith  bu t 
a  sm all proportion of fresh shells of Globigerina 
and. Orbulina. There was an  appreciable quan tity  
of diffused am orphous organic m atter, which we 
were inclined to  regard as connected, w hether as 
processes, or c mycelium,* or germs, w ith  th e  various 
shelled and shell-less Protozoa, m ixed very likely 
w ith  th e  apparently  universally d istributed  moner 
of deep w ater, Bathybius.

On careful sifting, the ooze was found to  contain 
fresh examples of each of th e  Invertebra te  sub-king
doms. W hen exam ined a t  daylight on th e  m orning 
of th e  23rd none of these were actually  living, bu t 
th e ir soft parts were perfectly fresh, and there was 
ample evidence of the ir having been living when they 
entered th e  dredge. The most rem arkable species 
were : —

M o l l u s c a . — D e n t a l i u m ,  s p .  n . ,  o f  l a r g e  s ize .
Pecten fenestra tus , P o r b e s ,  a M editerranean 

species.
Dacrydium  vitreum, T o r e l l  ; Arctic, Norwegian, 

and M editerranean.
Scrobicularia nitida, M ü l l e r  ; Norwegian, 

B ritish, and M editerranean.
Neœra obesa, L o v é n  ; A rctic and Norwegian.

C r u s t a c e a . — A nonyx hölbollii, K r o y e r  (= A . den
ticulatus, B a t e ) ,  w ith th e  secondary appendage 
of the upper antennæ  longer and more slender 
than  in shallow-watcr specimens.

Am pelisca cequicornis, B h u z e l i u s .
Munna, sp. n.

One or two A n n e l i d k s  and G e p i i y r e a ,  which have 
not vet been determined.
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E c h i n o d e r m a t a . — Ophiocten sericeum, F o r b e s  ; 
several well-grown specimens.

Echinocucumis typica, S a r s .  This seems to be a 
very widely distributed  species ; we got it  in 
alm ost all our . deep dredgings, both  in  the 
w arm  and in  th e  cold areas.

A rem arkable stalked crinoid allied to  Rhizocrinus, 
bu t presenting some very m arked differences.

P o l y z o a . — Salicornaria, sp. n .
C o e l e n t e r a t a . — Two fragm ents of a liydroid 

zoophyte.
P r o t o z o a . — N um erous foraminifera belonging to 

the groups already indicated as specially charac
teristic  of these abyssal w aters; together w ith  a 
branching flexible rhizopod, having a cliitinous cortex 
studded w ith globigerinae, which encloses a sarcodic 
m edulla 'o f olive-green hue. This singular organism , 
of which fragm ents had been detected in  o ther dredg
ings, here presented itse lf in  great abundance.

O n e  o r  t w o  s m a l l  S p o n g e s , w h i c h  s e e m  t o  b e  
r e f e r a b l e  t o  a  n e w  g r o u p .

On Friday, Ju ly  23, we tried  another h au l a t the 
same depth ; bu t when th e  dredge came up a t  1.30 p.m. 
it  was found th a t th e  rope had fouled and lapped righ t 
round th e  dredge-bag, and th a t there was no th ing  in  
the dredge. The dredge was sent down again a t  3 p .m .,  
and was brought up a t 11 p .m .,  w ith  upw ards of 
2 cwt. of ooze.—W e got from th is h au l a  new 
species of Pleurotom a  and one of D entalium ; 
Scrobicularia nitida , M ü l l e r ;  D acrydium  vitreum, 
T o r e l l ;  Ophiacantha spinulosa, M . and T .;  and 
Ophiocten kroyeri, L ü t k e n  ; w ith a  few crustaceans 
and m any foraminifera.
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I a  both of these last deep dredgings, th e  dredge 
brought up a  large num ber of extremely beautiful 
Polycystina , and some forms apparently interm ediate 
between Polycystina  and Sponges, which will be 
described shortly. These organisms did not seem to 
be brought from th e  bottom, bu t appeared to  be sifted 
in to  th e  dredge on its way up. They were as num erous 
adhering to  th e  outside of the dredging-bag as within 
it. D uring  the soundings taken  near tliis locality 
quite a  shower of several beautiful species of the 
Polycystina  and A c a n th o m e tr a  fell upon th e  chart- 
room skylight from the whole length  of the sounding- 
line while i t  was being hauled in.

W e were now steam ing slowly back towards the 
coast of Ire la n d ; and on M onday, Ju ly  26, we 
dredged in  depths varying from  557 to 581« fathom s 
(Stations 39-41) in  ooze, w ith a  m ixture of sand and 
dead shells. I n  these dredgings we got one or two 
very in teresting  alcyonarian zoophytes, and several 
opliiurideans, including Ophiothrix fra g ilis , A m phiura  
ballii, and  Ophiacantha spinulosa. M any of the 
anim als were most b rillian tly  phosphorescent, and we 
were afterwards even more struck  by th is phenomenon 
in  our northern cruise. In  some places nearly every
th in g  brought up seemed to  em it ligh t, and  th e  m ud 
itse lf was perfectly fu ll of lum inous specks. The 
alcvonarians, th e  b rittle-stars, and some annelids 
were th e  most brilliant. The Pennatula:*, th e  Virga- 
If/riWy and th e  Gorgonia: shone w ith a lam bent white 
ligh t, so brigh t th a t it  showed quite distinctly the 
hour on a  w atch ; while the ligh t from Ophiacantha 
spinulosa was of a b rillian t green, coruscating from 
the centre of the disk, now along one an n , now along
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another, and sometimes vividly illum inating the whole 
outline of the star-fish.

On the 27th we dredged in  8G2 fathoms (Station 42), 
th e  w eather being still very fine, and the sea quite 
smooth. The bottom  was ooze, w ith sand and dead 
shells. Among the M ollusca procured were a  new 
species of Pleuronectia , Leda  abyssicola (Arctic), Leda  
messinensis (a Sicilian te rtia ry  fossil), Dentalium  
gigas (sp. n  ), Siphonodentalium  (sp. n.), Cerithium  
metula , Am aura  (sp. n.), Columbella halkeeti, Cylichna 
pyram idata  (Norwegian and M editerranean), and 
m any dead shells of Cavolina trispinosa. These 
la tte r were very common in  all the northern  dredg
ings, though we never saw a living specimen on the 
surface.

D uring  the afternoon we took a  series of inter- 
m ediate tem peratures, a t intervals of 50 fathoms, from 
the bottom  a t  802 fathoms to the surface.

On the 28th we dredged in 1207 fathom s (Station 
4.3), w ith a bottom  of ooze. A large Fusus of a new 
species (F\ attenuatus, Jeffreys) was brought up  alive, 
w ith tw o or th ree Gcphyrea, and an  example each of 
Ophiocten ser ice inn and Echinocucumis typica. W e 
again dredged on th e  29th and 30th, gradually draw
ing in  towards the coast of Ireland  in  805, 458, 180, 
and  113 fathom s successively (Stations 44, 45). In  
458 fathom s (S tation -15) we procured a broken 
exam ple of Brisinga endecacnemos, previously taken 
by M r. Jeffreys off V alentia, and a num ber of 
in teresting  M ollusca ; and in  158 and 180 fathoms 
(Stations 43 and 45*/) an  extraordinary abundance of 
anim al life, including m any very in teresting forms— 
D entalium  abyssorum, Aporrhais serresianus, Solarium
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fallaciosum , Fusus fenestra tu s , w itli abundance of 
Caryophyllia borealis, ancl a ll the ordinary deep- 
w ater forms of th e  region.

The last station, 45a} gave us a  m ost singular as
semblage of OphiuHdeans. Ophioglypha lacertosa 
was in  large num bers and of extraordinary size, and 
associated w ith  i t  were tw o m ost conspicuous species, 
new  to  science; one a large species of Ophiothrix, 
com ing near O. fra g ilis , b u t of m uch larger size ; 
th e  disk in  th e  la rger specimens 25 mm. in 
diam eter, and th e  span from  tip  to  tip  of th e  rays 
275 m m . T he colours of th e  disk are very vivid, 
purp le  and  rose ; and  a ll th e  plates of th e  disk, and 
th e  dorsal plates of th e  arm s, are studded w ith 
delicate spines. N otw ithstanding its  to tally  different 
aspect, I  had a m isgiving th a t th is m igh t y e t prove 
only an  extrem e variety of O. fra g ilis . M y friend 
D r. L ü t k e n , however, p ro tests th a t i t  is to tally  
distinct. On such a  question I  bow to  his authority , 
and  dedicate it  to  him , doubts and all, under th e  nam e 
of Ophiothrix lutkeni. The second novelty was a  fine 
species of Ophiomusium.

A bout m id-day on Saturday, th e  31st of Ju ly , we 
steam ed in to  Queenstown. H aving  coaled a t H au l
bow line on M onday, th e  2nd of A ugust, we were 
moored in  th e  Abercorn Basin, B elfast, a fte r a 
p leasant re tu rn  passage up th e  channel, on th e  
evening of W ednesday, th e  4tli.

As i t  was necessary th a t  her boilers should be 
thoroughly cleared out after having been so long a t 
sea, the ‘ Porcupine’ did not leave Belfast till 
W ednesday, the 11th of A u g u st; w hen she pro
ceeded to  Stornoway, her final port of departure.
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The scientific staff consisted of D r. Carpenter, 
Mr. P . H erbert C arpenter (who had  gone through his 
apprenticeship in m aking analyses under unfavourable 
circum stances in th e  former cruise w ith  M r. H un ter, 
and was now prepared to undertake th is task  on his 
own account), and  m yself ; and our in ten tion  was, in 
accordance w ith  our orig inal program m e, to  go care
fully over again th e  region which we had exam ined 
in  th e  ‘ L igh tn ing ,’ to  test w ith  b e tte r  appliances and 
m ore trustw orthy  instrum ents th e  singular d istri
bu tion  of tem peratures in  th e  ‘ w arm  ’ and 1 cold ’ 
areas, to m ap ou t as accurately as we could the 
paths of th e  w arm  and cold currents, and to  deter
m ine th e  influences of these cu rren ts upon th e  
character and d istribu tion  of anim al life.

W e left Stornoway on th e  afternoon of Sunday 
th e  15th of A ugust, and made stra igh t for th e  scene 
of our most successful ‘ w arm  area ’ dredging of the 
year before. W e were equally successful on this 
occasion, and  procured several good specimens of 
Holtenia y and a  beautifu l series of H yalonem a , ranging 
from 2 m m . in  leng th  up  to  30 and  40 centim etres, 
and  th u s  giving all th e  stages in  th e  developm ent of 
th e  wonderful ‘ glass rope,’ and proving to  demon
stra tion  i ts  relation  to  th e  body of th e  sponge— 
Dr. J .  E . G ray’s so-called Carteria.

T he m ost in teresting  novelty however which re
w arded us was a very fine Ecliinid belonging to  the 
Cidaridæ  to which I  had given th e  nam e Porocidaris 
purpura ta  (F ig. 11). I  believe I  am  justified in 
referring th is handsom e species to  th e  genus Poroci
daris, a lthough in i t  th e  special character is absent 
on w hich th a t  genus was founded by Desor. Some
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F i o .  H.—Poroci'hrh¡nirjiuntln, W v v i i . l e  T h o m s o n .  N n liin l size. (Xu. IT.)
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‘ radióles,’ aä th e  fossil spines of C idarites are usually 
called, p resenting  a  very m arked character, had  been 
found in  various form ations from th e  lower oolite 
upwards. These spines are paddle-shaped, compressed, 
longitudinally  grooved, flattened alm ost in to  plates, 
and  strongly  serrated  on th e  edges. I n 't h e  nurnrnu- 
litic beds of Val-Dom inico near V erona sueli spines 
were found associated w ith  plates m uch resem bling 
those of Cidaris, b u t w ith  the un ique peculiarity  of a 
row of holes p enetra ting  th e  te s t in  th e  areolar space 
round the prim ary  tubercle. This character our new 
U rch in  does no t possess, b u t th e  radióles have the 
flatness, th e  longitudinal striæ , and  th e  serrated edges 
of those of Porocidaris.

I  do no t a ttach  m uch im portance to  th e  perfora
tions in  th e  plates. Trom  Desor’s figures they  are 
no t round and  defined in  outline, b u t lengthened and 
somewhat irregular, and they rad ia te  from  th e  inser
tio n  of th e  spine. O ur species has a  set of depres
sions occupying th e  position of these perforated 
grooves which are undoubtedly for th e  insertion of 
tiie muscles m oving th e  large long spines, and  as the 
te s t is th in  these grooves m igh t readily penetrate th e  
p la te , or so nearly  penetra te  it  as to  be w orn in to  
holes by very little  drifting  or wear.

O ur recent species and  th e  eocene form  have 
another character in  common ; th e  areolar circles 
are no t well defined, and  th e  areolce tend  to  become 
confluent.

S cattered  plates only of th is  genus have been 
found fossil, and  th e  ovarial p la tes were till now 
unknown. They present a  very singular character, 
w hich is certainly of generic value. The ovarial
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apertu re  does not penetrate th e  plate, bu t perforates 
a m em brane w hich fills up  a diamond-shaped space, 
one-half of which is cu t out of the ou ter edge of the 
ovarial p late in  th e  form of a largo triangu lar notch, 
while th e  other h a lf  is formed by a separation in to  a 
like notch of th e  two upper in terrad ia l plates, in  th e  
middle line of the in terrad ial space. The charac
teristic  paddle-shaped spines are ranged in  several 
rows round the m outh. T he large spines round the 
equator of the corona are diverse in  form, some of 
them  cylindrical, only slightly  tapering tow ards the 
tip , and others bulging ou t and th ick  near th e  neck 
and coming somewhat rapidly to  a  sharp point. The 
colouring of th e  anim al is very rem arkable. The 
short spines covering th e  test are of a  rich  purple, 
and a purp le  of even a  deeper and richer hue dyes 
about one-third of th e  leng th  of th e  spine, from th e  
head of th e  spine outw ards, ending ab ru p tly  in  a 
sharply defined line. The spine beyond th is purple 
portion is of a beautifu l pale rose colour. Two 
m atu re  examples of th is  fine species were found, and 
two young ones, one nearly half-grown and th e  o ther 
m uch smaller.

W e now moved slowly to th e  northw ard towards 
th e  Fæ roe Bank, and soundings were taken  to  fix as 
closely as possible th e  poin t of passage from th e  warm 
w ater into the cold : a tem perature sounding taken  in 
lat. 59° 37', long. 7° 40', gave a  depth  slightly  less 
th an  th a t  of the ‘ H oltenia  g round /— 475 fathom s,— 
w ith  a slightly  higher bottom  tem perature, 7°*4 C. ; and 
a t  S tation 50, lat. 59° 54', long. 7° 52', w ith a depth of 
335 fathom s, th e  m inim um  tem perature had  risen to 
7°*9 C. A sounding a t S tation 51, lat. GO" 6', long.
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8° 11/, gave 110 fathom s, and a bottom  tem perature of 
5°*5 C., showing th a t we were passing into another set 
of conditions ; and  a t S tation  52, lat. 60° 25', long. 
8° 10', only a few miles fu rth er on, w ith  a depth of 
381 fathom s, nearly th e  same as th a t of S tation 20, 
th e  therm om eters recorded a  m inim um  of — 0o,8 C. 
W e now altered  our course tow ards th e  east-south
east, and, after a ru n  of abou t 25 miles, sounded in  
190 fathom s, w ith a bottom  tem perature of —1°1 C. 
The following six stations, Nos. 61 to  59, were all in 
th e  cold area w ith a tem perature below th e  freezing- 
poin t of fresh water. A t the last station , No. 59, la t. 60° 
21', long. 5° 11', a t  a  depth of 580 fathom s, th e  guarded 
therm om eter recorded th e  lowest tem perature which 
was m et w ith  - 1°-3 C. W hile we were passing th rough  
th e  cold area  and m aking these observations, the 
w eather was extrem ely settled and fine, and  under th e  
careful m anagem ent of C aptain  Calver a ll our appli
ances worked adm irably. The tem peratures were noted 
in  every case by th e  same pair of M iller-Casella th e r
mom eters, w hich were sometimes com pared w ith  other 
instrum ents and found to  give perfectly accurate indi
cations, even after being so frequently  subjected to 
prodigious pressure. The sounding in strum ents and 
th e  dredges never failed, and an  ingenious device, for 
which we are indebted to  o u r Captain, enabled us 
sometimes to  m ultip ly  our prizes a  hundred-fold. A  
num ber of tangles of teazed-out hem p, like th e  
‘ swabs ’ for cleaning th e  deck, w ere h u n g  in  a way 
which w ill be explained hereafter a t  th e  bottom  of th e  
dredge. These hem pen tangles swept by th e  sides of 
th e  dredge, pu lling  along and  picking up  everything 
w hich was m oveable and rough. As echinoderms,
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crustaceans, and sponges were very num erous in  the 
cold area, th e  tangles often cam e up  absolutely loaded, 
w hile there was bu t little  w ith in  the dredge-bag.

I n  th e  course of th e  last series of dredgings 
we crossed th e  position of the bank  on w hich we 
got large specimens of Tcrcbralnla cranium  in 
so g reat abundance th e  year before, b u t we could 
no t find it. The bank appears to  be of very lim ited 
area, and both on th is occasion and  on th e  previous 
one th e  sky was so overcast for several days together, 
ju s t  when we were in th is neighbourhood, th a t  i t  was 
impossible to fix th e  position either of th e  ‘L ig h tn in g ' 
or of the ‘ Porcupine * by observation. A  dead-reckon
ing is of course kep t under g reat disadvantages when 
the vessel is drifting  for th e  g reater p a r t  of th e  tim e 
half anchored by a dredge.

P rom  Station 59 we proceeded northw ard to  Thors- 
havn, w here we were w arm ly received by our kind 
friend Governor H olten , who had been forew arned of 
our visit, and a t  once came off in  his barge to  welcome 
us. Governor H olten  was uncom m only proud o f th is 
barge, and he had some reason. She was a very h an d 
some trim  boat; and, m anned by a dozen s to u t Eæroese 
boatm en in  th e ir neat uniform , and  w ith  th e  D anish 
ensign flying a t  th e  stern , and our handsom e friend 
muffled in  his m ilitary  cloak, and  w ith  a  th ick  hood 
to  keep out th e  somewhat palpable and in trusive ‘cli
m a te ’ of F&roe, she looked all th a t could be desired. 
"When the Governor came on board, lie proposed to 
C aptain  Calver to  try  a  race w ith him  for the honour 
of old E ngland  and the w hite ensign. Some o f us 
were going ashore, and when th e  Governor came up 
from  th e  cabin our whale-boat was ly ing  alongside
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w ith  twelve blue-jacketed Shetlanders sitting like 
statues, th e ir w hite oars g litte ring  in  th e  sun. The 
Governor looked w ith the critical eye of a  sailor a t 
th e  two b o a ts— he still spoke lovingly of the ‘ Maid 
of ïYbroe,’ b u t I  suppose lie saw th a t, as Tennyson 
says, ‘ we were all of us Danes ; ’ and th e  question 
of a tr ia l of s treng th  lapsed by m u tua l consent 1

W e were obliged to  rem ain a  few days a t Thorsliavn 
replenishing in various ways, and while there we were 
very anxious to  have had an opportunity  of seeing 
My] in g H ead—a magnificent, cliff a t the north-w estern 
po in t of Stroma*, which falls perpendicularly, even 
slightly  overhanging its base, from a height of upwards 
of 2,000 feet in to  th e  sea. The tide ru n s among 
and round these islands like a m ill-race, and the 
Governor told us th a t if  we started  w ith th e  m orning 
Hood, and  our vessel kep t pace w ith the tide, we m ight 
m ake th e  circu it of th e  island, passing under M yling, 
and re tu rn ing  to  Thorsliavn in six hours. I f  we did 
not carry  th e  tide w ith us, i t  became a m atter of dif
ficulty only to  be achieved a t  considerable expense 
botli of fuel and time.

W e found th a t high water would occur on the fol
low ing M onday, Aug*. 23, a t *1 o’clock in  the m orning ; 
and as th e  w eather was b rillian t up  to  th e  evening 
of Sunday—unusually  b rillian t for those regions—we 
m ade all our arrangem ents in  high hope of a pleasant 
tr ip , as we had  persuaded our k ind host and hostess 
to  accom pany us. W ith  th e  first daw n of Monday 
m orning it was blowing and  pouring, and we were 
obliged to defer our visit to  th e  celebrated headland 
to  some possible fu tu re  opportunity.

The next m orning was fine again, and we left
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Thorsliavn about noon, steam ing east by south , so 
as to  cross th e  deep channel between Eæroe and 
Shetland. O ur first tw o stations were on th e  Færoe 
p lateau, a t depths a little  over a hundred fathom s, bu t 
th e  th ird  sounding, taken  in  th e  evening of th e  24th 
a t a  depth of 317 fathom s, gave a  bottom  tem perature 
of — 0°"9 C. ; we were therefore once m ore in  th e  cold 
current. H aving  kep t th e  same course under easy 
steam  during th e  n ight, we took a  sounding nex t 
m orning, la t. 61° 21' N., long. 3° 44' W ., a t  a  deptli of 
640 fathoms, w ith a bottom  tem perature of — 1°T C. 
A  hau l of th e  dredge brought up  rolled pebbles and

F lo . 12 .— P o u r ta le s ia  j e f f r e y s i ,  W y v i l l e  T h o m s o n . 81 ig li t ly  e n la rg e d . * (N o . 04 .)

fine gravel w ith  few anim al forms, h u t am ong them  
one of extraordinary interest, a  large specimen of a 
tine species of the genus Pourtalesia , a  heart-urchin , 
one of whose congeners had been discovered by 
M. de Pourtales in  th e  gulf-stream  explorations off 
th e  Am erican coast, and a second by Mr. Gwyn 
Jeffreys near Rockall. The present exam ple (Fig. 12) 
was much larger th an  either of those previously 
dredged, and i t  appeared to be specifically distinct.

1 I  have the  pleasure o f dedicating th is  interesting species to our 
accomplished colleague, J .  CJwyn Jeffreys, F .R .S.
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The shell is singularly  unlike th a t of any other 
known living ecliinodcrm. I t  is about two inches in 
length, alm ost cylindrical, ending posteriorly in  a b lu n t 
rostrum , and  th e  an terio r extrem ity  is truncated. 
The surface of th e  shell is covered w ith short 
spatu late spines, and near th e  an terior end there is 
a k ind of fringe of long th in  cylindrical spines, especi
ally congregated on th e  upper surface. The m outh  is 
a t the bottom  of a  deep an terio r and inferior groove, 
and th e  excretory opening is a t  th e  bottom  of a  p it 
on the dorsal surface, above th e  te rm inal rostrum . 
The arrangem ent of the am bulacra is m ost peculiar. 
The four ovarial openings and the m adreporic tubercle 
are on the dorsal surface, ju s t  above th e  truncated  
an terior end a t  the base of which the m outh lies, 
and the three am bulacral vessels of th e  ‘'tr iv iu m ’ take 
a  short course from the oral vascular ring, one along 
th e  centre of the anterior face, and  th e  o ther two 
round its edges to  m eet in  a rin g  surrounding the 
ovarial openings. The two vessels of th e  ‘ bivium  9 
have a very singular course. They ru n  back into  
the great posterior prolongation of th e  shell, on the 
sides of which they  form  long loops, sending conical 
water-feet th rough  single pores in  long double lines of 
somewhat irregularly-form ed am bulacral plates, which 
finally converge iii a point a considerable distance 
behind the point of convergence of th e  th ree  am 
bulacra of the bivium. Between these two points of 
convergence, w hich are both  on th e  middle line of 
the back, several p lates are intercalated. W e have 
thus th e  th ree an terio r am bulacra ending in  th e ir 
ocular plates, m eeting a t  one point, where there 
arc likewise four genital plates, and the m adreporic
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tuberc le ; and th e  two posterior am bulacra, w ith 
th e ir ocular plates, m eeting a t another poin t and 
form ing a kind of secondary apex. T he fifth genital 
p late is obsolete. The specially in teresting  poin t is 
th a t, while we had  so far as we were aware no living 
representative of th is peculiar arrangem ent of w hat 
is called ‘ d is ju n c t' am bulacra, we have long been 
well acquainted w ith a fossil family, the Dyscisteridœ, 
possessing th is character. M any species of the 
genera Dysaster, A g a s s i z ,  Collyrites, D e s m o u l i n s , 

Metaporhinus, M i c h e l i n , and Grasia, M i c h e l i n , 

are found from th e  lower oolite to th e  white chalk, 
bu t there  the fam ily had previously been supposed to 
have become extinct.

The next a ttem pt was one of our very few entirely  
unsuccessful hauls, th e  dredge com ing up empty. 
This we a ttribu ted  to  an  increase of w ind and swell, 
and consequent drift on the vessel, which seemed to 
have prevented th e  dredge from reaching th e  ground.

W e devoted the m orning to  a series of tem perature 
soundings a t intervals of 50 fathom s from the surface 
to  the bottom , and th is  we accomplished in  a very 
satisfactory m anner, w ith  results which w ill be fully 
discussed hereafter. A fter a  rapid descent for the 
first 50 fathom s th e  nex t 150 fathom s m aintained 
a high and a  tolerably equable tem perature, and 
there was then  a rapid  fall between 200 and 300 
fathoms, the therm om eter a t  the greater depth  indi
cating 0° C. F rom  300 fathom s to the bottom  the 
tem perature fell little  m ore th a n  a degree. “ Thus 
th e  en tire  mass of w ater in th is channel is nearly 
equally divided info an  upper and lower stra tum , the 
lower being an A rc tic  stream  of nearly 2,000 feet
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doop, flowing in a south-westerly direction, beneath 
an  upper s tra tum  of com paratively warm w ater 
m oving slowly tow ards th e  north-east ; the lower 
h a lf of th e  la tte r, however, having its  tem perature 
considerably modified by in term ixture  w ith  the 
stra tum  over which i t  lies.” 1

O ur n ex t few dredgings were on th e  Shetland 
p lateau, in  depths under 100 fathom s, and over 
ground already carefully worked by our colleague 
Mr. Gwyn Jeffreys. W e got few novelties, bu t 
owing to  our very effective dredging appliances we 
took some of th e  ‘ H a a f ’ rarities, such as Fusus nor- 
vegicus, C h e m n . ; Fusus berniciensis, K i n g ;  P leuro
toma carinatum , B i v o n a  ; in  considerable num bers. 
The hem pen tangles stood us in  good stead w ith the 
echinoderms. On one occasion th e  dredge brought up 
a t a single haul, in  th e  bag and on th e  tangles, cer
ta in ly  not less th an  20,000 examples of the pretty  
little  urchin , Echinus norvegicus, D. and K.

On th e  28th  of A ugust we anchored in  Lerwick 
H arbour. W e rem ained a t Lerwick several days 
tak in g  in  necessary supplies, looking a t the geology 
and th e  m any rem arkable an tiqu ities of th e  neigh
bourhood, and  ransacking th e  haberdashers* shops for 
those delicate fleecy fabrics of wool which im ita te  in  
a scarcely grosser m aterial, and w ith  alm ost equal 
delicacy of design, th e  fre tted  skeletons of H oltenia , 
E uplectella , an d  Aphrocallistes.

I n  th is  earlier p a r t of th e  cruise nearly all the 
dredgings had  been confined to  th e  cold aiea, and

1 D r. rppn te r ,  in  “  Prelim inary  I io p o r t  on th e  Scientific  E x p lo ra 
t ion  o f  th e  D e e p  Sea, 1S<¡Í)." (Proceedings o f  th e  P o y a l  Society, vol. 
xvii.  p. -U l . )
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over th a t region we had found a  great uniform ity of 
conditions. As already mentioned, th e  average bottom  
tem perature throughout was a little  below th e  freezing- 
po in t of fresh water, and i t  sometimes fell to  nearly 
2° C. below th e  zero of th e  centigrade scale. The 
bottom  was uniform ly gravel and clay, the gravel on 
th e  Scottish side of th e  channel consisting chiefly of 
th e  débris of th e  lau ren tian  gneiss and th e  o ther 
m etam orphic rocks of th e  N orth  of Scotland, and the 
devonian beds of Caithness and Orkney. On the 
Fæ roe side of the channel, on th e  o ther hand, the 
pebbles were chiefly basaltic. This difference shows 
itse lf very m arkedly in  th e  colour and composition of 
th e  tubes of annelids, and th e  tests of sundry fora
m inifera. The pebbles are all rounded, and the 
varying size of th e  pebbles and roughness of the 
gravel in  different places give evidence of a  certain  
am ount of movement of m aterial along th e  bottom.

There seems to  be b u t little  doubt, from the 
direction of th e  series of depressions in  th e  isotherm al 
lines of the region (PI. 7), th a t there is a  direct move
m ent of cold w ater from the Spitzbergen Sea into the 
N orth  Sea, and th a t a branch of th is  cold indraught 
passes in to  th e  Faèroe Channel. The fauna of the cold 
area is certainly characteristic, although m any of its 
m ost m arked species are common to  th e  deep water 
of the warm area whenever th e  tem perature sinks 
below 2° or 3° C.

Over a considerable d istric t in  the Fæ roe Channel 
there is a large quantity  of a sponge which is pro
bably identical w ith Cladorhiza abyssicola, S a r s , 

dredged by G. O. S a r s  in  deep w ater off the 
Loffoten Islands. This sponge forms a k ind  of
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busli or shrub, which appears to clothe th e  bottom 
in  some places over a  large area like heather on a 
moor. There are a t  least th ree species. I n  one the 
branches are stric t and  rigid ; while in  another the 
arrangem ent is more lax, side branches coming off 
from a flexible central raclus like th e  barbs from the 
sliaft of an  ostrich feather. The branches seem in 
some cases to be from 50 to 80 centim etres in height, 
and  th e  stem s near th e  base are 2 to 3 centim etres in 
diam eter. The stem  and branches consist of a firm 
central axis, sem i-transparent and of a  peculiar 
yellowish green colour; composed of a  continuous 
horny substance filled w ith  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 th e  biham ate * spicules of the sarcode ’ so charac
teristic  of th e  genus Esperia  and its allies. The 
crust is covered w ith pores, and rises here and there 
in to  papillæ  perforated by large oscula. This sponge 
appears to  belong to  a group allied to  the Espe
riadae, and perhaps even more closely allied to 
some of th e  fossil branching forms whose rem ains 
are so abundant in some beds of th e  cretaceous
period. A  still finer species of th e  same group 
was dredged by M r. Gwyn Jeffreys in  the first 
cruise of th e  following year.

A nother peculiar sponge (Fig. 13) is very abundant 
and  of a  large size. This form was adm irably described 
by Professor Lovén—unaccountably under the name 
of Hyalonema boreale. I t  is certainly very far from 
Hyalonema. I t  is m ore nearly allied to  Tethya , for 
th e  body of th e  sponge m ust certainly be referred to
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th e  corticate type, though i t  differs from  all th e  other 
know n members of th e  order in being supported on a 
long sym metrical stalk  formed, as Professor Lovén 
has shown, of sheaves of short spicules bound together

Fio . 13.—Stylocordyla hortuli*, LovitN (Sp.j. S u tu ra l «izo. (No. Ü4.)

by horny cement. A  tu f t of delicate fibres fixes the 
base of th e  stem  in  its position. Professor Oscar 
Schm idt, in  his “ O utline of th e  Sponge F au n a  of 
the A tlan tic ,”  refers th is form to his genus Cometella
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and this he associates with Suberites, Tethya greatly 
restricted, and one or two other generic groups, to 
form a  family th e  Suheritidinæ , a  part of the old 
order Corticaiæ, w hich order he now proposes to 
dismember. I  doubt if  th is arrangem ent will hold 
good, for th e  silicious sponges whose skeleton con
sists m ainly of rad ia ting  sheaves of long spicules, 
form a  conspicuous and natu ra l assemblage. Stylo 
cordyla is evidently nearly related in  hab it and 
general character to  th e  M editerranean stalked 
sponge figured by Schm idt under the nam e of 
Tetilla euplocamos}

Foram inifera arc not very abundant in  th e  cold 
area, though here and there in  isolated patches 
large num bers of large and rem arkable forms came 
up on the 4 hempen tangles.’ These were principally 
of th e  Arenaceus type. On one occasion, a t Station 
51, one of th e  interm ediate dredgings between the 
warm area and the cold, the tangles brought up 
a  m ultitude of tubes three-quarters of an  inch to 
an  inch long, composed of sand-grains cemented 
together, and w ith a  slight appearance externally of 
beading, as if  they were divided into  segments. 
D uring  th e  4 L igh tn ing  ’ excursion th e  year before, 
on the m iddle bank along w ith  th e  specimens of 
Terébratela cranium , we had found in abundance a 
sandy Lituola  w ith very m uch th e  same appearance, 
except th a t a t  one end the Lituola} had a  prom i
nen t m outh, and on breaking them  open this 
m outh was repeated, definitely moulded of peculiarly

1 Dic Xpongien tier K ü ste  von  Algier. V on  Dr. Oscar Schm idt 
Professor d e r  Zoologie und  vergleichenden Anatomie, Director des 
Landschaftlichen zoologischen M useum s zu (¡ratz. Leipzig, 1X08
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coloured sand grains, for every cham ber of th e  series 
in to  which th e  test was divided. The new form, how
ever, was found not to be divided into chambers, bu t 
to  have its cavity continuous throughout, “ though 
traversed in  every p a rt of its  length  by irregu lar 
processes, b u ilt up partly  of sand-grains and partly  of 
sponge-spicules,” resem bling those described by Dr. 
Carpenter in  th e  gigantic fossil form P arke ría.1 One 
extrem ity  of th is  cham ber is arched over, spaces being 
left between th e  agglutinated  sand-grains, th rough 
which i t  appears th a t th e  gelatinous being w ith in  com
m unicates w ith  th e  outer w orld by p ro tru d in g  its 
8arcode processes. The o ther end was so constantly 
broken off, leaving a  rough fracture, th a t Dr. 
C arpenter was inclined to  believe th a t  th is  form 
to  w hich he gave th e  generic nam e of Botellina , grew 
attached  to th e  bottom  or to  some foreign body.

The cold area teems w ith  echinoderms. I n  the 
channel north  and w est of Shetland, we added to  the 
fauna of th e  B ritish  area besides a large num ber of 
species new to  science, nearly every one of th e  forms 
described by  th e  Scandinavian natu ra lis ts  as inhab it
ing  th e  seas o f Norway and Greenland.

I n  com paratively shallow w ater Cidaris hystrix  
was m ost abundant, and of large size. T he large 
form  of Echinus flem ingii, B a l l ,  was ra re  ; b u t every 
hau l a t  a ll depths brought up  some variety  or other 
which was referred w ith  doubt to E . elegans, D . and 
K ., to  one or o ther form  of E . noroegicusy D. and K „ 
or to  E . rarituberculatus, G. O. S a r s  ; and although it 
m ay, perhaps, be necessary still to describe a ll these 
which certainly  in th e ir extrem e forms present very 

1 Philosophical Transactions, I #09 , p. 80G.
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m arked differences as d istinct species, after having 
gone over some thousands of them —some brought 
up in  nearly  every h au l of th e  dredge from  F æ roe to 
G ibraltar—I  am  inclined to  suspect th a t they  m ay 
be all varieties of Echinus flem ingii. I  have already 
alluded to  th e  countless m yriads in  w hich the 
sm all form  of E . norvegicus, D. and K ., 15 m m . in  
diam eter, swarm s on th e  ‘ H a a f ’ fishing banks. 
These little  u rch ins are m ature  so far as th e  develop
m ent of th e ir generative products is concerned ; and  I  
suspect from  th e  abundance of th ree  sizes, th a t  they  
a tta in  th e ir  fu ll size in  two years and a  h a lf or th ree 
y ea rs ; b u t in  colouring, in  sculpture, and in  the 
form  of the pedicellariæ, I  do not see any character to  
distinguish them  from a  form  four tim es th e  size, 
common in  deep w ater off th e  coast of Ire la n d ; 
nor, again, can I  d istinguish these last by any  definite 
character which one would regard as of specific value 
from  th e  shallow w ater form  of Echinus flem ingii, as 
large as th e  ordinary varieties of E . sphaira.

The Shetland variety  of Equus caballus is certainly 
no t more th a n  one-fourth th e  size of an  ordinary 
London dray-horse, and  I  do no t know th a t  the re  is 
any good reason why there should no t be a pony 
form of an  u rch in  as well as of a horse.

Professor A lexander A gassiz1 has discovered th a t 
th e  F lorida species of Echinocyamus is no th ing  
m ore th an  th e  young of a  common F lorida clypeas- 
tro id , Stolonoclypus prostra tus , Ag., and he sug
gests th e  possibility of our Echnocyamus angulosus, 
L e s k e ,  being one of these s tun ted  ‘ pony * varieties, 
or undeveloped young, e ither of th e  Am erican Slolo-

1 B ulle tin  o f  tlic M useum of Comparative Zoology, No. 9, p. 291.
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noclypus, the plu teus ‘ pseudem bryo * having been 
carried along and distributed  by th e  gulf-stream , or 
of some European deep-water clypeastroid h itherto  
unknown.

T he th ree so-called species of th e  genus Toxo
pneustes of th e  cold area m ust, I  fear, subm it 
to  fusion. T . p ic tu s y N o r m a n ,  and T. pa llidus , 
G. O. S a r s ,  are certainly  varieties of T. drobaclii- 
ensis, O. E. M ü l l e r .

The young of Brissopsis lyrifera , F o r b e s ,  were 
abundant a t a ll depths, b u t m ature exam ples did 
no t occur beyond 200 fathom s, and were larger 
and  more abundan t from  50 to  100 fathom s. T ri
pylus fra g ilis , D. and K ., a  ra th e r scarce Scandinavian 
form, was added to  th e  B ritish  fau n a ; several speci
mens having been taken, unfortunate ly  usually  
crushed on account of its  great delicacy, in  the 
deeper and  colder hauls. M agnificent specimens of 
th e  handsome heart-urchin , Spatangus raschi, were 
very abundant, associated in  th e  same zone of depth 
w ith  Cidaris.

Star-fishes were very num erous, ra re  and  new 
species sometimes actually  crowding th e  hem pen 
tangles. The tw o species of Brisinga, B . endeca- 
cuernos, A b s j . ,  and B . coronata, G. O. S a r s ,  came up 
occasionally and were always regarded as prizes, 
although it was a  m atte r of some difficulty to  ex
tricate  the ir spiny arm s one after th e  o ther from the 
tang les; they  were scarcely ever w ith in  th e  dredge. 
Solaster papposus, F o r b e s ,  apparently th e ir nearest of 
k in  though far removed, was represented abundantly  
by a  very p re tty  deep-water variety , w ith ten  arm s 
about forty m illim etres across from tip  to tip ,
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of a  b righ t orange-scarlet even a t S tation  64, a t  a  
depth  of 640 fa thom s; and we dredged abundantly  
S . furcifer , D. and K. (Fig. 14), previously known

P m . 14. -S o la s te r  u re ife r , V on D u d e n  m ul K o re n . N a tu ra l size. (N o. 55.)

only in  th e  Scandinavian seas. Pedicellaster typicus, 
S a rs , occurred b u t sparingly, and more frequently  the

P ío . 15.— K o re th ra ste r  h is p id u s ,  W v v ii . le  T hom son. D orsal u»]K.'ct. T w ice th e  n n tu m l size.
(N o . 5 7 .)

p re tty  biscuit-like Astrogonium  granulare, M ü l l e r  
a n d  T r o s c h e l .  A . phrygianum, O . F . M ü l l e r ,  a n d
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Asteropsis pulvillus , O . F. M ü l l e r ,  w e r e  no t m et 
w ith beyond th e  100-fathom line. A curious little  
group of cushion stars, h itherto  supposed to be con
fined to higli latitudes, were represented by P teraster  
militaris, M. and T., and P .  pulvillus , S a r s ,  and by 
two forms new to  science,—one, K orethraster his
pidus, sp. n., w ith th e  whole of th e  upper surface 
covered w ith long free paxillæ  like sable brushes (Fig. 
15). Ranges of delicate spatulate spines border the

Km. 10.— Hymenaster pellucidum Ww i l l s  T h o m so n . V entral axpout. N atural xlzc. iNo. 60 )

am bulacral grooves. As iu P teraster, th e re  is a double 
row of conical w ater feet. The other genus (Fig. 16) 
is perhaps even more remarkable. The star-fish is 
very flat, th e  dorsal surface covered w ith  short paxillæ  
w hich support a m em brane as in  Pteraster. A  row 
of spines fringing th e  am bulacral grooves is greatly  
lengthened and webbed, and th e  web run n in g  along 
th e  side of one arm  meets and unites w ith the web
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of th e  adjacent arm , so th a t th e  angles between the 
arms are entirely  filled up  by a  delicate m em brane 
stretched on and supported by spines, and th e  body 
thus becomes regularly  pentagonal. There is no trace 
on th e  ven tra l surface of th e  arm s of th e  tra n s
verse ranges of m em branous com b-like plates w hich 
are so characteristic in  Pteraster.

By far th e  m ost abundan t and conspicuous forms 
am ong th e  star-fishes in  deep w ater were th e  genera 
Astropecten  and Archaster , and th e ir allies. A t one 
to  two hundred fathom s th e  sm all form of A stro - 
pecten irregularis, A . acicularis of N o r m a n , literally  
swarmed in  some places, usually in  company w ith 
th e  small form  of L u id ia  savignii, M . and  T., L . 
sarsii, D. and K. I  feei no doubt th a t these two 
forms, A . acicularis and L . sarsii, are m ere deep- 
w ater varieties of th e  forms which a tta in  so m uch 
larger proportions in  shallow water. Mr. Edw ard 
W aller took charge of Mr. Gwyn Jeffreys’ yacht 
during  th e  sum m er of 1869, on a dredging cruise off 
th e  south coast of Ire land . H e worked principally 
about the 100-fathom line and a  little  w ith in  it , and 
procured a m agnificent series both  of Astropecten  and 
L u id ia  showing a  gradual transition  through all 
interm ediate stages between th e  large and th e  small 
varieties.

The cold area gave us Astropecten tenuispinus in  
g reat abundance and beauty. The tangles sometimes 
came up  scarlet w ith  them , and  associated w ith  th is 
species a  handsom e new form of a peculiar leaden 
grey colour, and  w ith  paxillæ  arranged on the 
dorsal surface of th e  disk in  th e  form  of a rosette, or 
the pctaloid am bulacra of a Clypeaster. Astropecten
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arcticus, S a r s ,  was m et w ith sparingly in  some of the 
deeper dredgings. The known no rthern  species of 
Archaster  were abundant and of large size; A . 
parellii, D. and K ., passing in to  com paratively shal
low w a te r; and A . andromeda abundan t a t greater 
depths.

F io . 1 7 .— A rc h iu te r  b ifro n s ,  W’ v v i i .l e  T h o m s o n .  D orn ii n s p e c t  T hirc-fourtlis o f tin* n ittim il
size. (No. 67.1

A t Stations 57 and 58, and a t  various others in 
th e  cold area we took m any specimens of a  fine 
Archaster  (F ig . 17) w ith  a  double row  of large 
square m arginal plates giving th e  edges a thickened 
square-cut appearance like those of Ctenodiscus;
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each m arginal p la te  covered w ith  m iliary grains, 
and w ith  a  prom inent rig id  central spine. This is 
a large form, one of our m ost s trik ing  additions to  
the ta le  of known species. I t  m easures 120 mm. from 
tip  to  tip  of th e  arm s across th e  disk. The colour 
is a rich  cream, or various shades of lig h t rose.

Ctenodiscus crispatus o c c u r r e d  r a r e l y  a n d  o f  r a t h e r  
s m a l l  s iz e ,  n o t  m o r e  t h a n  2 5  m m .  a c r o s s .  N e a r l y  
e v e r y  h a u l  b r o u g h t  u p  s m a l l  s p e c i m e n s  o f  A ste r
acanthion m ulleri, M. S a r s ,  a n d  s p e c im e n s  o f  a l l  s iz e s  
o f  Cribrella sanguinolenta, O . F .  M ü l l e r .

The distribu tion  of O phiuoridea was altogether 
new to  a  B ritish  dredger. By fa r th e  m ost abundan t 
form  in  m oderate depths was A m phiura  abyssicola, 
M. S a r s ,  a  species h itherto  unknow n in  th e  B ritish  
seas ; and a t g reater depths this species was associated 
in  about equal num bers w ith  Ophiocten sericeum , 
F o r b e s .

Everyw here Ophiacantha spinulosa, M . and  T., 
abounds, and th e  common Ophioglypha lacertosa of 
shallow w ater is replaced by O. sarsii, L ü t k e n ,  
w hile Ophiopholis aculeata , 0 .  F . M ü l l e r ,  loves to  
nestle am ong th e  branches of corals and  stony 
polyzoa. I n  such characteristic cold area dredg
ings as S tations 54, 55, 57, and 64, we find th e  
tw o species of Ophioscolex, O . purpurea , D. and 
K ., and  O. glacialis, M . and  T. ; th e  form er in  
some places in  g rea t abundance, and  th e  la tte r 
m uch m ore scarce. B oth  species are new  to  the 
B ritish  area, and  two very rem arkable form s which 
accompany them  are new  to  science. One of these 
is a very large ophiurid  w ith  th ick  arms, up 
wards of th ree decimetres long, and a  large soft disk
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resem bling th a t of Ophiomyxa , to  w hich genus if  
seems to be allied. The specimens w hich have been 
h itherto  procured are scarcely sufficiently perfect to 
allow of its being thoroughly worked ou t. The o ther 
is a large handsome species of L jungm ans genus 
Ophiopus. The plates covering th e  disk are sm all and 
obscure, and p artly  m asked by a netted  membrane. 
I n  m oderate depths A m phiura  balli, T h o m p s o n ,  was 
common, and we now and  th en  dredged a  stray  
exam ple of th e  beautifu l little  Ophiopeltis securigera, 
D. and  K., lately  added to  th e  Shetland fau n a  by 
tho Rev. A. M erle Norm an.

I t  was a m atter of some surprise to  u s as w ell as 
of g reat pleasure to  b rin g  up  in  m any of our cold 
area hauls considerable num bers of th e  handsom est 
of th e  northern  free crinoids, A ntedon  escrichtii. 
So fa r as I  am  aware, th is  species has no t h itherto  
been m et w ith  in  th e  Scandinavian or Spitzbergen 
seas ; a ll our m useum  specimens come from  Green
land  or Labrador. This is also th e  case w ith  Cteno
discus crispatus. I n  neither instance do th e  speci
mens from th e  no rth  of Scotland appear to  be quite 
so large as those from Greenland. One or two 
hauls in  m oderate w ater gave us abundant examples 
of Antedon celticus, B a r r e t t ,  a  form still m ore com
mon however in  th e  M inch ; and alm ost every h au l 
we found a  broken specimen or §ome fragm ents of 
A ntedon sarsii.

Once or twice we found a  fragm ent of th e  stem  of 
Rhizocrinus, b u t singularly enough no liv ing  specimen 
of this in teresting little  crinoid rew arded us from  the 
cold w ater, although our conclusion seemed to  be 
ju st, th a t th e  A rctic ind raugh t sets in to  th e  E&roe
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Channel directly from the seas of the Loffotens where 
i t  abounds.

W e dredged m any Holothuriae ; notably everywhere 
below 200 or 300 fathom s th e  delicate little  Echino
cucumis typica•, M. S a r s  ; and Psolus squamatus, 
K o r e n ,  which does no t seem however to  be common, 
through we dredged i t  in great profusion on one occa
sion in  th e  ‘ L igh tn ing ,’ its w hite scaly disks showing 
ou t against the smooth black pebbles of Fæ roe basalt 
to  w hich they were attached. H olothuria ecalcarea, 
S a r s ,  was m et w ith occasionally, and formed another

F ig . 18.— E u s ir u s  c u sp id a tu s ,  K ro y e u . (Ko. 55.)

in teresting  addition to  th e  B ritish  fauna. I t  always 
had a  peculiar effect coming up  am ong a  num ber of 
m uch sm aller and m ore delicate th ings, like a massive 
G erm an sausage tw enty or th irty  centim etres long.

I n  th e  characteristic hauls in  th e  cold area we m et 
w ith  some very in teresting crustaceans, one or two of 
which I  figure as they  are highly suggestive of the 
source of the cold w ater. They are some of the 
g igantic forms of am phipoda and isopoda of the 
A rctic sea.
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Eusirus cuspidatus, K r o y e r  (Fig. 18), had  pre
viously been known only in  th e  G reenland sea, and

Fio .  19.—Caprella tplnotlulma, N orm an. Twlco tlio nutuval siro. (No. 50.)

th e  genus was represented for th e  seas of B rita in  by 
an  im perfect exam ple of another species.

Fig. 19 is a  large and  h itherto  unknow n species of
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tlie genus Caprella, th e  odd-looking group of skeleton 
shrim ps which fix themselves by th e ir h ind  claspers, 
usually in  th is locality to  branching sponges, and wave 
th e ir  gaun t grotesque bodies about in  th e  water.

JEga nasuta, N o r m a n  (Fig. 20), is another new 
species, one of th e  ‘ norm al ’ isopods. M uch larger 
specimens of th is  curious genus are however known 
on th e  B ritish  coasts, usually sem i-parasitical on large 
fishes.

A rcturus baffini, S a b i n e  (Fig. 21), is ano ther of 
th e  ‘isopoda norma l ia ’—norm al to  a  certain  ex ten t in  
its structure, b u t very peculiar in  its  appearance and

Flo .'20.—Æya nasuta, N orm as. S lightly enlarged. (No. 55.

habits. A rcturus  has, like Caprella, th e  h ab it of 
clinging to  some foreign body by its  claspers, and 
rearing  up  th e  an terior p a r t of its  body in  a  queer 
m anner ; b u t i t  has in  addition a  pair of enormously 
developed antennæ , and to  these th e  young cling by 
the ir claspers, and range them selves along like a 
couple of liv ing fringes. Idotea  (A rcturus) baffini 
was first described in  th e  A ppendix to  C aptain P arry ’s 
fo u rth  voyage. This, or a  nearly  allied species, 
seems to  occur also in  the A ntarctic  seas. S ir Jam es 
C lark lloss rem arks,1 th a t  in  dredging a t  a depth

1 A Voyage o f Discovery an d  Research, vol. i. p. 202.
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of 270 fathom s, la t. 72 31 S., long. 173° 39 E., 
“ corallines, flustrae, and a  variety  of m arine inverte 
brate  anim als came up in  th e  net, showing an  abun
dance and great variety  of anim al life. A m ongst 
them  I  detected two species of Pycnogonum , Idotea  
baffini, h itherto  considered peculiar to  th e  A rctic

F lo . 21.— A r c tu r u s  baffin i, S a b in k . A b o u t th o  n a tu ra l siro . (N’o. 51*.)

seas ” —and some other forms. The figure represents 
A rcturus baffini and a  few of its progeny, which 
however have got somewhat in to  disorder. The 
nursery arrangem ents are usually m uch m ore regular.

One or two species of th e  singular m arine arachnida 
of the genus Nym phon , of a very large size, were
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frequently entangled in  large num bers on tlie loose 
hemp. This group seems to  he specially characteristic 
of th e  sea a t  an  arctic tem perature. They arc re
ported of alm ost incredible size, th ir ty  centim etres or 
so across, from the late G erm an and Swedish polar 
expeditions, and  they have also been found enor-

K iu  ¿2 .—  S i im p h n n  n h p m r u iN .  K o n u A N . ly  c u h ru c « !  (N o  M .)

mously large in  deep w ater in  th e  an ta rc tic  regions. 
They often come up  clinging to  th e  sounding line.

The Mollusca, w hich in  th e  preceding cruises 
usually constitu ted th e  p rincipal resu lts  of the 
dredging, were here qu ite  subordinate as regards 
both num ber and  variety to th e  groups already
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m entioned; and th e  difference between th e  m olluscan 
fauna of th e  cold and th a t  of th e  w arm  area  was not 
by any means so great as th a t shown in  o ther groups. 
One of th e  m ost in teresting  types which we m et w ith  
was Terebratula septata , P h i l i p p i  =  T  septigera , 
L o v e n , a  brachiopod found living a t  S tation  6 5  in 
th e  Shetland Channel, a t  a  depth  of 3 4 5  fathom s, 
and a  bottom -tem perature of — I o* 1C. A  variety  of 
th is  species, from th e  Pliocene beds of M essina, has 
been described and figured by Professor Seguenza 
under th e  nam e of W aldlieimia peloritana ; and  i t  is 
clearly th e  same as th e  W aldlieimia floridana , found 
in  th e  G ulf of Mexico by De P ourtales, w hich our 
own num erous specimens so considerably exceed in  
size as to  show th a t its  m ore congenial home is in  
frigid water.

Only a  sm all num ber of P ishes were procured, b u t 
th e ir scarcity m ay probably have been due to  the 
unsuitableness of th e  dredge as a  m eans for th e ir 
capture. The few species taken  were placed in  th e  
hands of Mr. Couch of Polperro by M r. L oughrin , 
and were exam ined by him  after o u r return . T he lis t 
includes a  new generic form  in term ediate between 
Chinuera and Macrourus, w hich was brought up from  
a  depth of 510 fathom s in  the cold area ; a new species 
of a  genus allied to  Zeus ; a new Gadus approaching 
th e  common W h itin g ; a  new species of O phidion; 
a species of a  new genus near Cyclopterus ; B lennius  
fasciatus, B l o c h ,  new to  Britain ; Am m odytes siculus; 
a fine new Serranus ; and a  new Syngnathus.

D eath  p u t an  end to  the labours of th e  veteran 
Cornish na tu ra lis t while he was preparing  descrip
tions and figures of our new species. He died fu ll of



C H A P .  m . ]  T U E  C R U ISE S  OF T U E  1 P O R C U P IN E : 1 3 1

years and work, and  th is last task, on which he had 
entered w ith  keen interest, m ust be finished by other 
hands.

I t  w ill be seen th a t  th e  bottom  tem perature of the 
cold area, a t 500 fathom s, does no t differ by more 
th a n  two or th ree  degrees from th a t  of th e  warm 
arca, a t  depths beyond 1,500 fathom s. I t  seems, in  
fact, as D r. C arpenter has well pointed ou t, as if  all 
th e  extrem e clim atal conditions which, in  th e  deep 
w ater of th e  A tlan tic  are extended over a vertical 
distance of two or three miles, are here compressed, 
w ithou t greatly  altering  th e ir proportions, into th e  
compass of h a lf a  mile. W e have th e  same surface 
super-heating and rapid  fall for th e  first short dis
tance ; th e  same hum p on th e  curves, indicating  the 
presence of a  layer of w ater heated by some other 
cause th an  direct solar radiation ; th e  same rapid  fall 
th rough  a  ‘ s tra tu m  of in term ix tu re;*  and, finally, 
th e  same long excessively slow depression th rough  a 
deep bottom  bed of cold w ater nearly a t  a  uniform  
tem perature.

As m igh t be anticipated , if  th e  view be correct 
th a t arc tic  conditions are in  a  broad sense con
tinuous th roughout th e  abyssal regions of th e  sea, a 
large num ber of th e  inhab itan ts of th e  ‘ cold area * are 
common to the deep w ater off Rockall and as far south 
as the coast of P o rtugal ; b u t th e  fauna of the Pæ roe 
channel includes besides these generally distributed 
forms, an  assemblage of species—for exam ple the 
large crustaceans and  arachnida and some of th e  star
fishes—which are not only generally characteristic of

9 '  ~  «

frig id  conditions, b u t specially of th a t p a rt of the 
arctic province represented by th e  seas of Spitzbergen,
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G reenland, and  Loffoten. There can be little  doubt 
th a t th is especially arctic character of th e  fauna is 
m aintained by th e  continual m igration  of arctic 
species along w ith th e  arctic cu rren t indicated by 
tlie  depressions in  th e  lines of equal tem perature. 
M any species characteristic of th e  ‘ cold area * were 
not m et w ith beyond its  lim its, owing doubtless to 
th e  en tire  banking in  and  disappearance of the cold 
w ater, and th e  obliteration of th e  arctic  cu rren t 
as such a t  th e  w estern opening of th e  channel 
between the Fœ roe banks and th e  Hebrides.

T U B  O O V R R N O I l ’ s  H O I ' S R .  T I I O U S I I  \ V N .
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A P P E N D IX  A.

O fficial D ocu m e iita a n il  O fficial A c c o u n ts  o f  P r e l im in a r y  P r o 
ceedings i n  connection  w i th  the  E x p lo r a tio n s  i n  U .M . S u r 
veying-vessel ‘ P o rc u p in e  ,* d u r in g  the  S u m m e r  o f  1 8 6 9 .—  
E x tra c ts  f r o m  th e  M in u te s  o f  the  C o u n cil o f  the  R o y a l  Soc ie ty , 
se ttin g  f o r th  the  o r ig in  o f  the  1P o rcu p in e  ’ E x p e d it io n , a n d  
the  objects w h ich  i t  w a s  designed  to c a rry  o u t :—

J a n u a n j 21, 1869.

T h e  P r e l im in a r y  R e p o r t  o f  th e  D re d g in g  O p e ra t io n s  c o n d u c te d  
b y  D rs . C a rp e n te r  a n d  W y v ille  T h o m so n  ( in  t h e  ‘ L i g h tn in g ’) 
h a v in g  b e e n  c o n s id e re d , i t  w as

R eso lv ed ,— T h a t,  lo o k in g  to  th e  v a lu a b le  r e s u lts  o b ta in e d  from  
th e s e  M a r in e  R e se a rc h e s , r e s t r ic te d  in  sco p e  as  th e y  h a v e  
b e en  in  a  f ir s t  t r ia l ,  th e  P r e s id e n t  a n d  C o u n c il c o n s id e r  i t  
m o s t  d e s ira b le , w i th  a  v ie w  to  th e  a d v a n c e m e n t o f  Z o o lo g y  
a n d  o th e r  b ra n c h e s  o f  sc ie n c e , t h a t  th e  e x p lo ra t io n  sh o u ld  
b e  re n e w e d  in  th e  c o u rs e  o f  t h e  e n s u in g  s u m m e r , a n d  
c a r r ie d  o v e r  a  w id e r  a r e a ;  a n d  t h a t  t h e  a id  o f  H e r  
M a je s ty ’s  G o v e rn m e n t, so  l ib e ra l ly  a ffo rd ed  l a s t  y e a r , be  
a g a in  r e q u e s te d  in  fu r th e r a n c e  o f  t h e  u n d e r ta k in g .

R eso lv e d ,— T h a t  a  C o m m itte e  b e  a p p o in te d  to  r e p o r t  to  th e  
C o u n c il  o n  t h e  m e a su re s  i t  w i l l  b e  a d v is a b le  to  t a k e  in  
o rd e r  to  c a r ry  th e  fo reg o in g  r e s o lu t io n  m o s t  a d v a n ta g e o u s ly  
in to  c ll'ect. T h e  C o m m itte e  to  c o n s is t  o f  th e  P r e s id e n t  
a n d  O fficers, w ith  D r . C a rp e u tc r ,  M r . G w y u  J e f f re y s , a n d  
C a p ta in  R ic h a rd s .

February  IS , 1SUÎ).

R e a d  th e  fo llo w in g  R e p o r t  o f  t h e  C o m m itte e  on  M a r in e  
R e se a rc h e s  :—
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“ T h e  C o m m itte e  a p p o in te d  b y  th e  C o u n c i l  o n  th e  2 1 s t  o f  
J a n u a r y ,  to  c o n s id e r  t h e  m e a s u re s  a d v is a b le  fo r  t h e  f u r th e r  p r o 
s e c u tio n  o f  R e se a rc h e s  in to  th e  P h y s ic a l  a n d  B io lo g ic a l  C o n d i
t io n s  o f  th e  D e e p  S e a  i n  th e  n e ig h b o u rh o o d  o f  th e  B r i t i s h  C o a s t, 
b e g  le a v e  to  R e p o r t  a s  fo llo w s  :—

"  T h e  r e s u l ts  o b ta in e d  b y  th e  D re d g in g s  a n d  T e m p e ra tu re -  
S o u n d in g s  c a r r ie d  o n  d u r in g  th e  b r ie f  C ru is e  o f  H .M .S . '  L ig h t 
n in g  ’ i n  A u g u s t  a n d  S e p te m b e r , 1 8 6 8 , t a k e n  in  c o n n e c tio n  w ith  
th o s e  o f  t h e  D re d g in g s  r e c e n t ly  p ro s e c u te d  u n d e r  t h e  d ire c t io n  
o f  t h e  G o v e rn m e n ts  o f  S w e d e n  a n d  o f  t h e  U n i te d  S ta te s ,  a n d  
w i th  t h e  re m a rk a b le  T e m p e ra tu re -S o u n d in g s  o f  C a p ta in  S h o r t-  
l a n d  i n  t h e  A ra b ia n  G u lf , h a v e  c o n c lu s iv e ly  s h o w n —

“  1 . T h a t  th e  O c e a n -b o tto m , a t  d e p th s  o f  5 0 0  fa th o m s  o r  m o re , 
p r e s e n ts  a  v a s t  f ie ld  f o r  re s e a rc h , o f  w h ic h  th e  s y s te m a tic  
e x p lo ra t io n  c a n  s c a rc e ly  f a i l  t o  y ie ld  r e s u l t s  o f  t h e  h ig h e s t  
in te r e s t  a n d  im p o r ta n c e , i n  r e g a rd  a l ik e  to  P h y s ic a l ,  B io lo g ic a l, 
a n d  G eo lo g ica l S c ience .

“  2 . T h a t  t h e  p ro s e c u tio n  o f  s u c h  a  s y s te m a t ic  e x p lo r a t io n  is  
a l to g e th e r  b e y o n d  th e  r e a c h  o f  p r iv a te  e n te r p r is e ,  r e q u i r in g  
m e a n s  a n d  a p p lia n c e s  w h ic h  c a n  o n ly  b e  fu r n is h e d  b y  G o v e rn 
m e n t.

“  I t  m a y  b e  h o p e d  t h a t  H e r  M a je s ty ’s  G o v e rn m e n t  m a y  b e  
in d u c e d  a t  so m e  f u tu r e  t im e  to  c o n s id e r  t h i s  w o rk  a s  o n e  o f  th e  
s p e c ia l  d u t ie s  o f  t h e  B r i t i s h  N a v y ;  w h ic h  p o sse sse s , i n  th e  
w o rld -w id e  d is t r ib u t io n  o f  i t s  S h ip s , f a r  g r e a te r  o p p o r tu n i t ie s  fo r  
s u c h  re s e a rc h e s  t h a n  th e  N a v y  o f  a n y  o th e r  c o u n try .

“A t  p re s e n t , h o w e v e r, t h e  C o m m itte e  c o n s id e r  i t  d e s ira b le  t h a t  
t h e  R o y a l S o c ie ty  sh o u ld  r e p re s e n t  to  H e r  M a je s ty ’s G o v e rn m e n t 
t h e  im p o r ta n c e  o f  a t  o n ce  fo llo w in g  u p  th e  s u g g e s tio n s  a p p e n d e d  
to  D r .  C a rp e n te r ’s  ‘ P r e l im in a r y  R e p o r t ’ o f  t h e  C ru is e  o f  th e  
‘ L ig h tn in g /  b y  in s t i tu t in g ,  d u r in g  th e  c o m in g  sea so n , a  d e ta i le d  
s u rv e y  o f  th e  d e e p e r  p a r t  o f  th e  O c e a n -b o tto m  b e tw e e n  th e  
N o r th  o f  S c o tla n d  a n d  th e  F æ ro e  Is la n d s , a n d  b y  e x te n d in g  t h a t  
s u rv e y  in  b o th  a  N . E . a n d  a  S .W . d ire c tio n , so  as  th o ro u g h ly  to  
in v e s t ig a te  th e  P h y s ic a l  a n d  th e  B io lo g ica l c o n d it io n s  o f  t h e  tw o  
S u b m a r in e  P ro v in c e s  in c lu d e d  in  t h a t  a re a , w h ic h  a re  c h a r a c te r 
iz e d  b y  a  s t ro n g ly  m a rk e d  c o n tr a s t  i n  C lim a te , w ith  a  c o rre sp o n d -
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in g  d is s im ila r i ty  in  A n im a l  L ife , a n d  to  tra c e  th ia  c l im a tic  
d is s im ila r i ty  to  i t s  so u rc e  ; a s  w e ll a s  to  c a r ry  d o w n  th e  l ik e  
s u rv e y  to  d e p th s  m u c h  g r e a te r  t h a n  h a v e  b e en  y e t  e x p lo re d  b y  
t h e  D red g e .

“  T h is , i t  is  b e lie v e d , c a n  b e  a c c o m p lish e d  w i th o u t  d iff icu lty  
(u n le s s  t h e  w e a th e r  s h o u ld  p ro v e  e x tra o rd in a r i ly  u u p ro p it io u s )  
b y  th e  e m p lo y m e n t o f  a  s u i ta b le  v e sse l, p ro v id e d  w i th  th e  
r e q u is i te  a p p lia n c e s , b e tw e e n  th e  m id d le  o f  M a y  a n d  th e  m id d le  
o f  S e p te m b e r. T h e  S h ip  s h o u ld  be  o f  su ff ic ie n t s ize  to  fu r n is h  a  
C rew  o f  w h ic h  e a c h  4 w a tc h  ’ c o u ld  c a r ry  o n  t h e  w o rk  c o n 
t in u o u s ly  w i th o u t  u n d u e  fa tig u e , so  a s  to  t a k e  t h e  fu l le s t  a d v a n 
ta g e  o f c a lm  w e a th e r  a n d  lo n g  s u m m e r  d a y s  ; a n d  s h o u ld  a lso  
p ro v id e  a d e q u a te  a cc o m m o d a tio n  fo r t h e  s tu d y  o f  t h e  sp ec im e n s  
w h e n  f re s h ly  o b ta in e d , w h ic h  s h o u ld  b e  o n e  o f  th e  p r im a ry  
o b je c ts  o f  th e  E x p e d itio n . A s  th e r e  w o u ld  b e  n o  o c ca s io n  to  
e x te n d  th e  S u rv e y  to  a  g re a te r  d is ta n c e  t h a n  ( a t  th e  m o s t)  4 0 0  
m ile s  fro m  la n d , n o  d iff ic u lty  w o u ld  b e  e x p e r ie n c e d  iu  o b ta in in g  
th e  s u p p lie s  n e c e s sa ry  fo r  s u c h  a  f o u r  m o n th s ' c ru is e , b y  r u n n in g  
fro m  t im e  to  t im e  to  t h e  p o r t  t h a t  m ig h t  b e  n e a re s t. T h u s , 
su p p o s in g  t h a t  th e  S h ip  to o k  i t s  d e p a r tu r e  f ro m  C o rk  o r  G a lw ay , 
a n d  p ro c e e d e d  f ir s t  t o  t h e  c h a n n e l  b e tw e e n  th e  B r i t i s h  I s le s  a n d  
l io c k a l l  B a n k , w h e re  d e p th s  o f  fro m  1 ,0 0 0  to  1 ,3 0 0  fa th o m s  a re  
k n o w n  to  e x is t ,  t h e  D re d g in g s  a n d  T e m p e ra tu re -S o im d in g s  c o u ld  
b e  p ro c e e d e d  w i th  in  a  n o r th e r ly  d ire c t io n , u n t i l  i t  w o u ld  b e  
c o n v e n ie n t  to  m a k e  S to rn o w a y . T a k in g  a  f r e s h  d e p a r tu r e  from  
th a t  p o rt, th e  e x p lo ra t io n  m ig h t  th e n  b e  c a r r ie d  o n  o v e r  t h e  a re a  
to  th e  N .W . o f  t h e  H e b r id e s , in  w h ic h  th e  m o re  m o d e ra te  
d e p th s  (f ro m  5 0 0  to  G00 fa th o m s) w o u ld  a ffo rd  g re a te r  f a c i l i ty  fo r  
t h e  d e ta i le d  su rv e y  o f  t h a t  p a r t  o f  th e  O c e a n -b o tto m  o n  w h ic h  a  
C re ta c e o u s  d e p o s i t  is  i n  p ro g re s s — th e  F a u n a  o f  t h i s  a r e a  h a v in g  
b e e n  sh o w n  b y  th e  1 L ig h tn in g  * re s e a rc h e s  to  p r e s e n t  fe a tu re s  o f 
m o s t e sp e c ia l  in te re s t ,  w h i le  t h e  c a r e fu l  s tu d y  o f  t h e  d e p o s it  
m a y  b e  e x p e c te d  to  e lu c id a te  m a n y  p h e n o m e n a  as  y e t  u n e x 
p la in e d  w h ic h  a re  p re s e n te d  b y  th e  a n c ie n t  C h a lk  F o rm a tio n . A  
m o n th  o r  s ix  w e e k s  w o u ld  p r o b a b ly  b e  re q u ire d  fo r th i s  p a r t  o f 
th e  S u rv e y , a t  th e  e n d  o f  w h ic h  t im e  th e  v e sse l m ig h t  a g a in  r u n  
to  S to rn o w a y  fo r s u p p lie s . T h e  a re a  to  th e  N . a n d  N .E . o f
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L ew is  sh o u ld  th e n  b e  w o rk e d  in  th e  l ik e  c a re fu l m a n n e r  ; a n d  as 
th e  ‘ c o ld  a r e a ’ w o u ld  h e re  be  e n c o u n te re d , sp e c ia l a t te n t io n  
sh o u ld  b e  g iv e n  to  th e  d e te rm in a tio n  o f  i t s  b o u n d a r ie s , a n d  o f 
th e  so u rces  o f  i t s  c l im a tic  p e c u lia r i ty . T h e se  w o u ld  p ro b a b ly  
re q u ire  th e  e x te n s io n  o f  th e  su rv e y  fo r  so m e  d is ta n c e  in  a  N .E . 
d ire c tio n , w h ic h  w o u ld  c a r ry  th e  v e sse l in to  th e  n e ig h b o u rh o o d  
o f  th e  S h e tla n d  I s le s  ; a n d  L e rw ic k  w o u ld  th e n  b e  a  s u i ta b le  
p o r t  fo r  su p p lie s . W h a te v e r  t im e  m ig h t th e n  r e m a in  w o u ld  be  
a d v a n ta g e o u s ly  em p lo y ed  in  d re d g in g  a t  su e li a  d is ta n c e  ro u n d  
th e  S h e tla n d s  as  w o u ld  g iv e  d e p th s  o f  fro m  2 5 0  to  4 0 0  fa th o m s , 
M r. G w y n  J e f fre y s ’ d re d g in g s  in  th a t  lo c a l i ty  h a v in g  b e e n  l im ite d  
to  2 0 0  fa thom s.

“ T h e  N a tu ra l-H is to ry  w o rk  o f  s u c h  a n  E x p e d i t io n  sh o u ld  be  
p ro se c u te d  u n d e r  th e  d ire c tio n  o f  a  C h ie f  (w h o  n e e d  n o t, h o w 
ev er, b e  th e  sam e  th ro u g h o u t) , a id e d  b y  tw o  c o m p e te n t  A s s is ta n ts  
(to  b e  p ro v id e d  b y  th e  R o y a l S o c ie ty ) , w h o  sh o u ld  b e  e n g a g e d  
fo r th e  w h o le  C ru ise . M r. G w y n  Je f f re y s  is  re a d y  to  t a k e  c h a rg e  
o f  i t  d u r in g  th e  f ir s t  five  o r  s ix  w e ek s , say , to  th e  e n d  o f  J  u n e , 
w h e n  P ro fe sso r  W y v ille  T h o m so n  w o u ld  be  p re p a re d  to  ta k e  h is  
p la c e  ; a n d  D r .  C a rp e n te r  w o u ld  b e  a b le  to  jo in  t h e  E x p e d i t io n  
e a r ly  in  A u g u s t, r e m a in in g  w ith  i t  to  th e  e n d . I t  w o u ld  be  a  
g re a t  a d v a n ta g e  i f  th e  S u rg e o n  a p p o in te d  to  th e  S h ip  s h o u ld  
h a v e  su ffic ie n t k n o w le d g e  o f  N a tu r a l  H is to ry , a n d  su ffic ie n t 
in te r e s t  in  th e  in q u iry ,  to  p a r t ic ip a te  in  th e  w o rk .

“ T h e  e x p e r ie n c e  o f  th e  p re v io u s  E x p e d i t io n  w il l  fu rn is h  
a d e q u a te  g u id a n c e  as  to  th e  a p p lia n c e s  w h ic h  i t  w o u ld  be  
n e c e ssa ry  to  a s k  th e  G o v e rn m e n t to  p ro v id e , in  c a se  th e y  acced e  
to  th e  p re s e n t  a p p lic a tio n .

“ W i th  re fe re n c e  to  th e  S c ie n tif ic  in s t r u m e n ts  a n d  a p p a r a tu s  
t o  b e  p ro v id e d  by  th e  R o y a l S o c ie ty , th e  C o m m itte e  re c o m m e n d  
t h a t  th e  d e ta i le d  c o n s id e ra tio n  o f  th e m  be  re fe r re d  to  a  S p e c ia l 
C o m m itte e , c o n s is tin g  o f  g e n tle m e n  p ra c t ic a l ly  c o n v e rsa n t w ith  
th e  c o n s tru c tio n  a n d  w o rk in g  o f  su e li in s tru m e n ts .”

R eso lv ed ,— T h a t  th e  R e p o r t  n o w  re a d  be  re c e iv e d  a n d  a d o p te d , 
a n d  th a t  a p p lic a t io n  be  m a d e  to  H e r  M a je s ty ’s  G o v e rn m e n t 
acco rd in g ly .
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T h e  fo llo w in g  D r a f t  o f  u  L e t te r  t u b e  t r a n s m it te d  b y  th e  S e c re 
ta r y  tu  th e  S e c re ta ry  u f  th e  A d m ir a l ty  w as a p p ro v e d  :—

“ T h e  K o v a l  S o c i e t y ,  B c k l i n g t o n  H o u s e ,
“  February 18, 18C0.

“ S ir ,— Ive fo r r in g  to  th e  ‘P r e l im in a r y  L e p o r t ’ b y  D r. C a rp e n te r  
o f  th e  R e s u lts  o f  th e  D e e p -S e a  E x p lo ra t io n  c a r r ie d  o n  d u r in g  th e  
b r ie f  C ru is e  o f  H e r  M a je s ty ’s  S te a m -v e s s e l ‘ L i g h tn in g ’ in  
A u g u s t  a n d  S e p te m b e r  la s t ,  w h ic h  h a s  a lr e a d y  b e e n  t r a n s m i t te d  
fo r  th e  c o n s id e ra tio n  o f  th e  L o rd s  C o m m iss io n e rs  o f  th e  
A d m ira l ty — I  a m  d ir e c te d  b y  th e  P r e s id e n t  a n d  C o u n c il o f  th e  
l tu y a l  S o c ie ty  to  s ta te  th a t ,  lo o k in g  to  th e  v a lu a b le  in fo rm a tio n  
o b ta in e d  fro m  th e se  M a r in e  R e se a rc h e s , a l th o u g h  c o m p a ra t iv e ly  
re s tr ic te d  in  d u ra t io n  a n d  e x te n t ,  th e y  d e e m  i t  m o s t  d e s ira b le , 
i n  th e  in te r e s t s  o f  B io lo g ic a l a n d  P h y s ic a l  S c ie n ce , a n d  in  no  
s m a ll  d eg ree  a lso  fo r  th e  a d v a n c e m e n t o f  H y d ro g ra p h ic a l  k n o w 
ledge, t h a t  a  f re sh  e x p lo ra t io n  sh o u ld  b e  e n te re d  u p o n  in  th e  
e n s u in g  su m m e r, a n d  e x te n d e d  o v e r  a  w id e r  a r e a  ; a n d  th e y  n o w  
d e s ire  e a rn e s t ly  to  re c o m m e n d  th e  m a t te r  to  th e  fa v o u ra b le  c o n 
s id e ra tio n  o f  M y  L o rd s , in  th e  h o p e  th a t  th e  a id  o f  H e r  M a je s ty ’s 
G o v e rn m e n t, w h ic h  w a s  so re a d ily  a n d  l ib e ra l ly  b e s to w e d  la s t  
y e a r , m a y  be  a ffo rd ed  to  th e  u n d e r ta k in g  n o w  c o n te m p la te d , fo r  
w h ic h  s u c h  s u p p o r t  w o u ld  b e  in d isp e n sa b le .

“ I n  fa v o u r  o f  t h e  p ra c t ic a b il i ty  a n d  p ro b a b le  su c c e ss  o f  th e  
p ro p o se d  lre s h  e x p lo ra tio n , I  a m  d ire c te d  to  e x p la in  t h a t  th e  
o b jec ts  to  b e  a im e d  a t ,  a s  w e ll a s  th e  c o u rse  to  b e  fo llo w ed  a n d  
th e  m e a su re s  to  b e  e m p lo y e d  fo r t h e i r  a t ta in m e n t ,  h a v e  m a in ly  
b e en  su g g es te d  by  th e  o b se rv a tio n s  m a d e  a n d  th e  e x p e r ie n c e  
g a in e d  in  th e  la s t  E x p e d itio n .

“ F u r th e r  in fo rm a tio n  a s  to th e  p ro p o se d  e x p lo ra t io n  w i l l  be  
fo u n d  in  t h e  R e p o r t , h e re w ith  t r a n s m it te d ,  o f  a  C o m m itte e  to  
w h o se  c o n s id e ra tio n  th e  s u b je c t  w a s  re fe r re d  b y  th e  C o u n c il.

“ I t  is  u n d e rs to o d  t h a t  th e  r e q u is i te  S c ie n tif ic  A p p a ra tu s  a n d  
th e  re m u n e ra t io n  o f  th e  A s s is ta n ts  to  b e  e m p lo y e d  w o u ld  be  
p ro v id e d  b y  th e  L o y a l S o c ie ty . AVith re g a rd  to  t h e  a p p lia n c e s  
w h ic h  H e r  M a je s ty ’s  G o v e rn m e n t m a y  b e  a s k e d  to  p ro v id e , th e  
e x p e r ie n c e  o f  th e  p re v io u s  E x p e d i t io n  w il l  fu rn is h  a d e q u a te  
g u id a n ce , w h e n e v e r  th e  g e n e ra l s c h e m e  m a y  be  a p p ro v e  I. I t
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h a s  a p p e a re d  to  t h e  P r e s id e n t  a n d  C o u n c il, t h a t  i f  t h e  s h ip  
r e q u ir e d  fo r  t h e  p ro p o se d  se rv ice  c o u ld  b e  p ro v id e d  b y  th e  
te m p o ra ry  e m p lo y m e n t o f  o n e  o f  H e r  M a je s ty ’s  S u rv e y in g  
V e sse ls  n o w  in  co m m issio n , a n y th in g  b e y o n d  a  tr i f l in g  o u t la y  o n  
t h e  p a r t  o f  t h e  G o v e rn m e n t w o u ld  b e  r e n d e re d  u n n e c e s s a ry .

“ I  re m a in ,
"  Y o u r  o b e d ie n t  S e rv a n t ,  .

“  W . S h a r p e y , M .D .,
41 The Secretary to the A dm iralty."  “ Sec. M .S."

R eso lv e d ,— T h a t  a  C o m m itte e  b e  a p p o in te d  to  c o n s id e r  th e  
S c ie n tif ic  A p p a r a tu s  i t  w i l l  b e  d e s ira b le  to  p ro v id e  fo r  th e  
p ro p o se d  E x p e d it io n , T h e  C o m m itte e  to  c o n s is t  o f  th e  
P r e s id e n t  a n d  O fficers, w i th  D r .  C a rp e n te r ,  C a p ta in  R ic h a rd s , 
M r. S iem en s , D r .  T y n d a ll ,  a n d  S i r  C h a r le s  W h e a ts to n e ,  
w i th  p o w e r  to  a d d  to  t h e i r  n u m b e r .

T h a t  a  s u m  o f  £ 2 0 0  f ro m  th e  G o v e rn m e n t g r a n t  b e  a s s ig n e d  
to  D r .  C a r p e n te r  fo r  t h e  f u r th e r  p ro s e c u tio n  o f  R e se a rc h e s  
in to  t h e  T e m p e ra tu re  a n d  Z o o lo g y  o f  t h e  D e e p  S ea .

M arch  18, 1869.

A n  o ra l  c o m m u n ic a tio n  w a s  m a d e  b y  th e  H y d ro g ra p h e r  to  th e  
e ffec t t h a t  t h e  L o rd s  C o m m iss io n e rs  o f  th e  A d m ir a l ty  h a d  
a c c e d e d  to  t h e  r e q u e s t  c o n v e y e d  in  D r .  S h a rp e y ’s  l e t t e r  o f  
F e b r u a r y  1 8  ; t h a t  H e r  M a je s ty ’s  S u rv e y in g -v e s s e l ‘ P o r c u p in e  ’ 
h a d  b e e n  a s s ig n e d  fo r  t h e  se rv ic e  ; a n d  t h a t  t h e  s p e c ia l  e q u ip 
m e n t  n e e d e d  fo r  i t s  e ffic ien t p e rfo rm a n c e  w a s  p ro c e e d in g  u n d e r  
th e  d ire c t io n  o f  h e r  C o m m a n d e r , C a p ta in  C a lv e r.

A p r il  15, 1869.

R e a d  th e  fo llo w in g  l e t t e r  f ro m  th e  A d m ir a l ty  :—

44 A d m i r a l t y ,  March 10, 1809.
44 S i r ,— W i t h  re fe re n c e  to  p re v io u s  c o rre sp o n d e n c e , I  a m  c o m 

m a n d e d  b y  M y  L o rd s  C o m m iss io n e rs  o f  t h e  A d m ir a l ty  to  
a c q u a in t  y o u  t h a t  D r .  C a r p e n te r  a n d  h is  A s s is ta n ts ,  w h o  h a v e  
b e e n  d e p u te d  b y  th e  R o y a l S o c ie ty  to  a c c o m p a n y  th e  E x p e d i t io n  
a b o u t  to  b e  d is p a tc h e d  to  th e  n e ig h b o u rh o o d  o f  t h e  F æ ro e  Is le s
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fo r  t h e  p u rp o s e  o f  in v e s t ig a t in g  th e  b o t to m  o f  t h e  O c ea n  b y  
m e a n s  o f  d e e p -se a  so u n d in g s , w i l l  b e  e n te r ta in e d  w h i ls t  e m b a rk e d  
o n  b o a rd  t h e  ‘ P o rc u p in e  ’ a t  t h e  G o v e rn m e n t e x p en se .

“  I  a m , S ir ,
"  Y o u r  o b e d ie n t  s e rv a n t ,

“  W . G . ItOJIAINE.”
“  The President o f  the Royal Society."

Ju n e  17, 1869.

R e a d  th e  fo llo w in g  R e p o r t  :—

“ T h e  C o m m itte e  a p p o in te d  F e b . 1 8 , 1 8 6 9 , to  c o n s id e r  th e  
S c ie n tif ic  A p p a ra tu s  i t  w il l  b e  d e s ira b le  to  p ro v id e  fo r  t h e  p r o 
p o sed  E x p e d i t io u  fo r  M a r in e  R e se a rc h e s , b e g  le a v e  to  la y  b e fo re  
th e  C o u n c il th e  fo llo w in g  R e p o r t  :—

“ T h e  c h ie f  s u b je c ts  o f  P h y s ic a l  E n q u i r y  w h ic h  p re s e n te d  
th e m s e lv e s  a s  in te r e s t in g  o n  th e i r  o w n  a c c o u n t, o r  in  r e la t io n  to  
t h e  e x is te n c e  o f  L ife  a t  g r e a t  d e p th s , w e re  a s  fo llo w s :—

“ (1 ) T h e  te m p e ra tu re  b o th  a t  t h e  b o tto m  a n d  a t  v a r io u s  
d e p th s  b e tw e e n  t h a t  a n d  th e  su rface .

“ ( 2 )  T h e  n a tu r e  a n d  a m o u n t  o f  t h e  d is so lv e d  G ases .
“  (3 ) T h e  a m o u n t  o f  O rg a n ic  m a t t e r  c o n ta in e d  in  t h e  w a te r , 

a n d  th e  n a tu r e  a n d  a m o u n t  o f  t h e  I n o r g a n ic  s a lts .
“  (4 ) T h e  a m o u n t  o f  L ig h t  to  b e  fo u n d  a t  g r e a t  d e p th s .
“ A m o n g  th e s e  s u b je c ts  t h e  C o m m itte e  th o u g h t  i t  d e s ira b le  to  

co n fin e  th e m s e lv e s  in  th e  f ir s t  in s ta n c e  to  s u c h  a s  h a d  p re v io u s ly  
to  so m e  e x te n t  b e e n  ta k e n  in  h a n d , o r  c o u ld  p r e t ty  c e r ta in ly  be  
c a r r ie d  o u t.

“  T h e  d e te rm in a t io n  o f  T e m p e ra tu re s  h a s  h i th e r to  re s te d  
ch ie fly  u p o n  th e  r e g is tr a t io n  o f  m in im u m  T h e rm o m e te rs . I t  is  
o b v io u s  t h a t  th e  te m p e ra tu re  re g is te r e d  b y  m in im u m  th e rm o 
m e te rs  s u n k  to  t h e  b o tto m  o f  th e  sea , e v e n  i f  t h e i r  r e g is tr a t io n  
w e re  u n a ffe c te d  b y  th e  p re s su re , w o u ld  o n ly  g iv e  t h e  lo w e s t  
te m p e ra tu re  re a c h e d  som ew here  b e tw e e n  to p  a n d  b o tto m , n o t  
necessarily  a t  t h e  b o tto m  its e lf . T h e  te m p e ra tu re s  a t  v a r io u s  
d e p th s  m ig h t  in d e e d , p ro v id e d  th e y  n o w h e re  in c re a s e d  o n  g o in g  
d eep er, b e  d e te rm in e d  b y  a  se r ie s  o f  m in im u m  th e rm o m e te rs  
p la c e d  a t  d if fe re n t d is ta n c e s  a lo n g  th e  lin e , th o u g h  t h i s  w o u ld
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in v o lv e  c o n s id e ra b le  d iff ic u ltie s . S t i l l ,  t h e  l i a b i l i ty  o f  t h e  in d e x  
to  s lip , a n d  th e  p ro b a b il i ty  t h a t  th e  in d ic a t io n  o f th e  th e r m o 
m e te rs  w o u ld  b e  a ffe c te d  b y  th e  g re a t  p re s s u re  to  w h ic h  th e y  
w e re  ex p o se d , r e n d e re d  i t  v e ry  d e s ira b le  to  c o n tro l  t h e i r  in d ic a 
tio n s  b y  a n  in d e p e n d e n t  m e th o d .

“ T w o  p la n s  w e re  p ro p o se d  fo r th i s  p u rp o se , o n e  b y  S ir  C h a r le s  
W h e a ts to n e , a n d  o n e  b y  M r. S ie m e n s . B o th  p la u s  in v o lv e d  th e  
e m p lo y m e n t o f  a  v o lta ic  c u r r e n t ,  e x c i te d  b y  a  b a t te r y  o n  d e c k  ; 
a n d  re q u ire d  a  c a b le  fo r  th e  c o n v ey a n c e  o f  in s u la te d  w ire s . T h e  
fo rm e r  p la n  d e p e n d e d  u p o n  th e  a c t io n  o f  a n  im m e rs e d  B re g u e t’s 
th e rm o m e te r , w h ic h , b y  a n  e le c tro -m e c h a n ic a l  a r ra n g e m e n t, w as 
re a d  b y  a n  in d ic a t in g  in s t r u m e n t  p la c e d  on  d e ck . T h e  l a t t e r  
p la n  m a d e  th e  in d ic a tio n  o f  te m p e ra tu re  d e p e n d  o n  th e  e x is te n c e  
o f  a  th e rm a l  v a r ia t io n  in  th e  e le c tr ic  r e s is ta n c e  o f  a  c o n d u c tin g  
w ire . I t  r e s te d  o n  th e  e q u a liz a t io n  o f  t h e  d e r iv e d  c u r r e n ts  in  
tw o  p e rfe c t ly  s im ila r  p a r t ia l  c irc u its , c o n ta in in g  e a c h  a  c o p p e r  
w ire  ru n n in g  th e  w h o le  le n g th  o f  t h e  c a b le , t h e  sea , a n d  a  
re s is ta n c e -c o il  o f  fin e  p la t in u m  w ire  ; t h e  c o il i n  t h e  o n e  c i r c u i t  
b e in g  im m e rs e d  in  t h e  sea  a t  th e  e n d  o f  t h e  cab le , a n d  t h a t  in  
t h e  o th e r  b e in g  im m e rs e d  in  a  v e sse l o n  d e c k , c o n ta in in g  w a te r  
th e  te m p e ra tu re  o f  w h ic h  c o u ld  b e  re g u la te d  b y  th e  a d d i t io n  o f  
h o t  o r  c o ld  w a te r , a n d  d e te rm in e d  b y  a n  o rd in a ry  th e rm o m e te r .

“  T h e  in s tru m e n ts  r e q u ire d  in  S i r  C h a r le s  W h e a ts to n e ’s  p la n  
w e re  m o re  e x p en s iv e , a u d  w o u ld  ta k e  lo n g e r  to  c o n s t r u c t  ; a n d , 
b e s id e s , th e  C o m m itte e  w e re  u n w ill in g  to  r i s k  th e  lo ss  o f  a  so m e 
w h a t  c o s t ly  in s t r u m e n t  in  case  th e  c a b le  w e re  to  b re a k . O n 
th e s e  a c c o u n ts  th e y  th o u g h t  i t  b e s t  to  a d o p t th e  s im p le r  p la n  
p ro p o se d  b y  M r. S ie m e n s  ; a n d  th e  a p p a r a tu s  r e q u ir e d  fo r  c a r ry 
in g  th e  p la n  in to  e x e c u tio n  is  n o w  c o m p le te d , a n d  in  u s e  in  th e  
e x p e d itio n .

“ M e a n w h ile  a  p la n  h a d  b e en  d e v ise d  b y  D r. M il le r  fo r 
o b v ia t in g  th e  e ffec t o f  p re s su re  o n  a  m in im u m  th e rm o m e te r ,  
w ith o u t p re v e n t in g  access  to  th e  s te m  fu r th e  p u rp o s e  o f  s e t t in g  
th e  in d e x . I t  c o n s is ts  in  e n c lo s in g  th e  b u lb  in  a n  o u te r  b u ili 
r iv e t tc d  o n  a  l i t t l e  w a y  u p  th e  s te m , th e  in te rv a l  b e tw e e n  th e  
b u lb s  b e in g  p a r t ly  filled  w ith  l iq u id , fo r  t h e  s a k e  o f  q u ic k e r  
c o n d u c tio n . T h e  C o m m itte e  h a v e  h a d  a  few  m in im u m  th e rm o -
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m oto ra  c o n s tru c te d  on  th ia  p r in c ip le ,  w h ic h  h a v e  h e e n  fo u n d  to  
a n sw e r  p e r fe c tly . The. m e th o d  is  d e sc r ib e d  in  a  s h o r t  p a p e r  
w h ic h  w ill b e  re a d  lo  th e  S o c ie ty  to -m o rro w .

“ F o r  o b ta in in g  s p e c im e n s  o f  w a te r  from  a n y  d e p th  to  w h ic h  
th e  d re d g in g  e x te n d s , th e  C o m m itte e  h a v e  p ro c u re d  a n  i n s t r u 
m en t c o n s tru c te d  as  to  i t s  le a d in g  fe a tu re s  o n  th e  p la n  o f  t h a t  
d e sc rib e d  b y  I ) r .  M a rc c t  in  t h e  P h ilo so p h ic a l T r a n s a c t io n s  fo r 
18 1 0 , a n d  u s e d  su c c e ss fu lly  in  t h e  e a r l ie r  n o r th e r n  e x p e d it io n s .

“ M r. G w y n  J e f f re y s  is  n o w  o u t  o n  th e  f ir s t  C ru is e  o f  th e  
‘ P o rc u p in e ,’ th e  v e sse l w h ic h  th e  A d m ira l ty  h a v e  s e n t  o u t  fo r  
th e  p u rp o se , a n d  is a c c o m p a n ie d  b y  M r. W . L. C a rp e n te r ,  T>.Sc. 
(so n  o f  D r. C a rp e n te r) , w h o  u n d e r ta k e s  t h e  g e n e r a l  e x e c u tio n  o f  
th e  p h y s ic a l a n d  c h e m ic a l p a r t  o f  th e  in q u ir y .  A  l e t t e r  h a s  
beeu  re c e iv e d  b y  th e  P r e s id e n t  fro m  M r. J e f f re y s , w h o  sp e a k s  
h ig h ly  o f th e  zea i a n d  e ffic ien cy  o f  M r. C a rp e n te r .  T h e  th e r 
m o m ete rs  p ro te c te d  a c c o rd in g  to  D r. M ille r ’s  p la n ,  a n d  th e  
in s tru m e n t  fo r  o b ta in in g  s p e c im e n s  o f  w a te r  f ro m  g r e a t  d e p th s ,  
h a v e  b e en  fo u n d  to  w o rk  s a t is fa c to r i ly  in  a c tu a l  p ra c t ic e . M r. 
S ie m e n s’ in s t r u m e n t  w a s  n o t  q u i te  re a d y  w h e n  th e  v e s se l s ta r te d  
on  h e r  f irs t C ru ise , a n d  w as n o t  o n  b o a rd  w h e n  th e  ab o v e  le t t e r  
w a s  w r i t te n . T h e  g a s -a u a ly s e s  h a v e  b e en  s u c c e s s fu lly  c a r r ie d  
o n , n o tw ith s ta n d in g  th e  m o tio n  o f  th e  v e sse l. F r o m  a  l e t t e r  
s u b s e q u e n tly  re c e iv e d  fro m  M r. C a rp e n te r , i t  a p p e a r s  t h a t  M r. 
S ie m e n s’ a p p a ra tu s , so  f a r  a s  i t  h a s  y e t  b e e n  t r i e d ,  w o rk s  in  
p e r fe c t  h a rm o n y  w ith  th e  th e rm o m e te rs  p ro te c te d  a c c o rd in g  to  
D r. M ille r’s p la n .”

11 June  16, 1 8 6 9 ."

R eso lv ed ,— T h a t  t h e  R e p o r t  n o w  re a d  b e  re c e iv e d  a n d  e n te re d  
o n  th e  M in u te s .
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APPENDIX B.

P a rticu la rs  o f  D ep th , T em pera ture , arid  P osition  a t  the  various  
D redging-sta tions o f  H.M.S. 4P orcupine ' i n  the  Sum m er 
o f  1 8 6 9 : —

Nnmber of Station.
Denth in 
Fathom*.

Bottom . Température. Burfnce Tempe rature. Position.

1 370 9° 4  C. 12° 3 C. 51* 5 1 'N. 11* 5 0 'W.
2 808 5 2 12 3 51 22 12 25
3 722 6 1 12 5 51 38 12 .50
4 251 9 7 12 0 51 56 13 39
5 364 9 3 12 2 52 7 12 52
6 90 10 0 12 2 52 25 11 40
7 159 10 2 11 8 52 14 11 48
8 106 10 7 12 3 53 15 11 51
9 165 9 8 12 0 53 16 12 42 •

10 85 9 7 12 5 53 23 13 29
11 1630 53 24 15 24
12 670 5 9 11 2 53 41 14 17
13 208 9 8 12 0 53 42 13 55
14 173 9 8 11 8 53 49 13 15
15 422 8 3 11 2 54 5 12 17
16 816 4 •2 11 7 54 19 11 50
17 1230 3 2 11 8 54 28 11 44
18 183 '  9 7 11 8 54 15 11 9
19 1360 3 0 12 6 54 53 10 56
20 1443 2 8 13 0 55 11 11 31
21 1476 2 7 13 4 65 40 • 12 46
22 1263 2 9 13 8 56 8 13 34
23 630 6 4 14 0 56 7 14 19
23 a 420 8 0 13 7 56 13 14 18
24 109 8 0 14 3 56 26 14 28
25 164 8 1 13 7 56 41 13 39
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Number 
of Station.

Dc*l*th in 
Fathoms.

Bottom
Toinpomtiire.

Bnrfaco. 
Tomix) roturo. Position.

2 0 345 8° 2 C. 14° 1 C. 56° 58 ' N . 13° 17 ' W .

27 54 9 1 13 1
(  R ockftll ) 
1 B ank . )

ƒ H ockaU  ) 
( B an k . )

28 1215 2 8 14 2 56 44 1 2 52
29 1264 2 7 13 8 56 34 1 2 2 2

30 1380 2 8 13 3 56 24 1 1 49
31 1360 2 9 13 8 56 15 1 1 25
32 1320 3 0 13 3 56 5 10 23
33 74 9 .8 18 4 50 38 9 27
34 75 9 8 18 9 49 51 10 1 2

35 96 10 7 17 4 49 7 •  10 57
36 725 6 1 17 7 48 50 1 1 9
37 2435 2 5 18 6 47 38 1 2 8
38 2090 2 4 17 9 47 39 1 1 33
39 557 8 3 17 2 49 1 1 1 56
40 517 8 7 17 4 49 1 1 2 5
41 584 8 1 17 4 49 4 1 2 2 2

42 862 4 3 17 0 49 1 2 1 2 52
43 1207 3 2 16 6 50 1 1 2 26
4 4 865 4 1 16 2 50 2 0 1 1 34
45 458 8 9 15 9 51 1 1 1 2 1

46 3 7 4 7 7 1 2 1 59 23 7 4
47 542 6 5 1 2 2 59 34 7 18
48 540 — 59 32 6 59
49 475 7 4 1 2 0 59 43 7 40
50 355 7 9 1 1 4 59 54 7 52
51 4 4 0 5 5 10 9 60 6 8 14
52 3 8 4 - 0 8 1 1 2 60 25 8 10
53 4 9 0 -  1 1 1 1 2 60 25 7 26
54 363 - 0 3 1 1 4 59 56 6 27
55 605 -  1 2 1 1 4 60 4 6 19
56 480 -  0 7 1 1 4 60 2 6 1 1
57 632 -  0 8 1 1 1 60 14 6 17
58 540 -  0 6 1 0 6 60 2 1 6 51
59 580 -  1 3 1 1 5 60 2 1 5 41
GO 167 6 9 9 7 61 3 5 58
61 114 7 2 1 0 2 62 1 5 19
62 125 7 0 9 8 61 59 4 38
63

i

______

317 -  0 9 9 4 61 57 4 2
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Number 
o f  StuUou.

Doptli in 
FutUoms.

Bottom
Temperature.

Snvfnoo 
Tom peinture. Position.

64 640 -  1° 1 C. 9° 3 C. 61° 2 1 ’ N . 3° 4 4  W .
65 345 -  1 1 11 1 61 10 2 21
66 267 7 6 11 3 61 15 1 44
67 64 9 5 11 0 60  32 0  29
68 75 6 7 11 4 60  23 0 33  E.
69 67 6 5 12 0 00  1 0 18 E.
70 6 6 7 3 11 9 60  4 0 21
71 103 9 2 11 6 60  17 2 53
72 76 9 4 11 3 60  20 3 5
73 84 • 9 4 11 5 60  29 3 6
74 203 8 7 11 4 60  39 3 9
75 250 5 5 10 8 60  45 3 6
76 344 -  1 1 10 1 60 36 3 58
77 560 -  1 2 10 5 60  34 4  40
78 290 5 3 11 2 60  14 4  30
79 76 9 4 11 2 59 4 4 4  4 4
80 92 9 6 11 8 59  49 4  42
81 142 9 5 11 8 59  54 5 1
82 312 5 2 11 2 60  0 5 13
83 362 3 0 11 7 60  6 5 8
84 155 9 5 11 4 59 34 6 34
85 190 9 3 12 1 59 40 6 34
86 445 -  1 0 12 0 59  48 6 31
87 767 5 2 11 4 59  35 9 11
88 705 5 9 12 0 59  26 8 23
89 445 7 5 11 7 59  38 7  46
90 458 7 3 11 7 59  41 7 34



CHAPTER IV.

t u e  c r u i s e s  o f  t u e  ‘ p o r c u p i n e  ’ {continued).

F rom  S h e tlan d  to  S tornow ay.— Phosphorescence.— T h e  Echinothuridae. 
— T h e  F a u n a  o f  th e  * W arm  A rea.’— E n d  o f  th e  C ruise o f 1869. 
A rrangem ents fo r th e  E x p ed itio n  o f  1870.— F ro m  E n g lan d  to 
G ib ra ltar.— P ecu lia r C onditions o f th e  M editerranean .— R e tu rn  to 
Cowes.

A p p e n d i x  A . — E x tra c ts  from  th e . M inutes o f C ouncil o f th e  Royal 
Society, an d  o th e r  official docum ents re ferring  to  th e  C ruise of 
H .M .S . ‘ P o rc u p in e ’ d u rin g  th e  S um m er o f  1870.

A p p e n d i x  B .— P articu la rs  o f D e p th , Tem perature, an d  P osition  a t 
th e  various D redging-sta tions o f H .M .S . ‘ Porcupine* in  th e  
Sum m er o f  1870.

V  The bracketed numbers to the woodcuts in  this chapter rtfcr to the dredging-
stations on Plates IV .  and V.

W e  le ft Lerw ick on tlic 31st of A ugust, and  ran  
soutli- and w estw ard, passing close to  Sum burgh 
H ead ; F a ir  Isle , o f evil repu te  am ong m ariners, 
lying on th e  sou thern  horizon like a  little  grey 
cloud. The w eather was still very fine, and we 
had  a  good tossing w ith  scarcely a  b rea th  of wind 
in  th e  fam ous R oost of Sum burgh. P as t N orna’s 
eyrie on th e  * F itfu l H ead ; ’ past in  th e  falling 
shadows of th e  au tu m n  n ig h t th e  rocky Island  of 
Foula, s till th e  h a u n t of one or tw o pairs of the 
great skua guii, L estr is  cataractes, a species fast
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hastening to jo in  th e  dodo and th e  gair-fowl am ong 
th e  creatures of bygone times.

W e now steered somewhat to  the n o rth  of west, and 
early on th e  1st of Septem ber sounded in  la t. 60° 17', 
long. 2° 53', a t  a  depth of 103 fathom s, and  a  bottom  
tem perature of 90,2 C. W e were still in  th e  shallow 
water, and had n o t touched th e  arc tic  stream . A ll 
day we slipped over th e  edge of th e  p la teau , dredging 
chiefly well-known Shetland form s, and  th e  tem pera
tu re  falling slightly , reaching in  th e  afternoon a t  a 
depth  of 203 fathom s, 8°*7 C. (S tation  74). The nex t 
sounding, about ten  miles fa rth e r n o rth , gave us the 
stra tum  of in term ix ture, a tem peratu re  of 50,5 C. a t  a 
depth of 250 fathom s. W e ran  abou t th ir ty  m iles in  
th e  n igh t, and  early  n ex t m orn ing  dredged in  th e  
frigid w ater again  in  la t. 60° 36' N., long. 3° 58' N ., a t 
a  depth of 344 fathom s, w ith  a bottom  tem peratu re of 
— I o-1 C., th e  tem peratu re  a t  the surface being 10°T C. 
F ive-and-tw enty m iles to  th e  w estw ard, we sounded 
again a t noon o f th e  same day a t  560 fathom s, w ith 
—10,2 C.

I n  these tw o or th ree last cold dredgings th e  
character of th e  bottom  was m uch th e  sam e—gravel 
of th e  older rocks, and  clay. The preponderance 
of echinoderma and  sponges w as again rem arkable, 
and th e  paucity  of mollusca, though in  th is  region 
we took a single specimen of a m ollusk w hich 
seemed to be g reatly  ou t of its  la titude. This was a 
p re tty  little  brachiopod, Platycliaan omioides, S a c c i i i  

(M orrisia , D a v i d s o n ) ,  h itherto  found only in  th e  
M editerranean. The size of th is  specimen greatly  
exceeded th a t of M editerranean exam jdes of the 
same species a singular circum stance which leads
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our friend M r. Gwyn Jeffreys to th e  somewhat 
hazardous presum ption th a t  “ its original home is 
in  the boreal, perhaps even in  the arctic region.” 

Two very peculiar little  sponges were m et w ith here 
ra th e r frequently  sticking to stones. A  short smooth 
colum n, about 20 nun. in  height, is surm ounted in 
one species, w hich m ust I  th in k  be identified w ith 
Thecophora semisuberites, O s c a r  S c h m i d t ,  by  a  soft

l**io. 2:1 — Thecophora semisuberites, O s c a r  S cu m x u t .  Twice t h e  n u tu r a l  s iz e . (No 70 .;

pad of spongy m atter, w ith one or tw o projecting 
tubes w ith oscula in th e  centre. The other, w hich I  
shall call Thecophora ibla  (Fig. 24), from  its  resem
blance to  the cirripede of th a t nam e, ends in  a scaly 
eone w ith a single osculum  in  th e  middle. The outer 
w all of th e  colum n in  bo th  form s is firm  and  glossy, 
under th e  microscope composed of closely-packed 
sbeaves of needle-shaped spicules w ith  th e ir te rm i
nation  b lu n t and  slightly  bulbous. T he sheaves are
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arran£001 vertically, and th is peculiar tissue form s a 
complete sheath surrounding a  pu lpy  mass of g ra
nu lar horny and  sarcodic m atte r w hich tills th e  in 
terior. I n  th is inner spongy substance sheaves of 
similarly-shaped spicules are likewise arranged  ver
tically , b u t m uch m ore loosely ; and  th e  projecting 
scales form ing th e  head of Thecophora ibla  are formed 
by  th e  projecting ends of such sheaves. A m ong 
echinoderms, Ophiacantha spinulosa was one of th e

F io . 24.—Thtcophora ibla, W y v il l i» Thoxsom. Twice tbo na tu ra l aize. (No. 76.)

prevailing forms, and we were g rea tly  struck  w ith  
th e  brilliancy of its  phosphorescence. Some of 
these hauls were taken  la te  in  th e  evening, and the 
tangles were sprinkled over w ith  stars of th e  m ost 
b rillian t u ran ium  green ; little  stars, for th e  phos
phorescent lig h t was m uch m ore vivid in  th e  younger 
and  sm aller individuals. The ligh t was no t constant, 
nor continuous all over the star, b u t sometimes i t  
struck  ou t a  line of fire all round th e  disk, flashing,
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or one m igh t ra th e r say glowing, up to the centre; 
th en  th a t  would fade, and a  defined patch , a centi
m etre  or so long, b reak  ou t in  th e  middle of an  arm  
and  travel slowly ou t to  th e  point, or th e  whole five 
rays wrould lig h t up  a t  th e  ends and spread th e  fire 
inwards. V ery young Ophiacantha , only lately  rid  
of th e ir ‘ p lu te i,’ shone very b rightly . I t  is difficult 
to  doubt th a t  in  a  sea sw arm ing w ith  predaceous 
crustaceans, sueli as active species of Dorynchus and 
M unida  w ith  great b rig h t eyes, phosphorescence 
m ust be a fa ta l gift. W e had  another gorgeous 
display of lum inosity  during  th is  cruise. Coming 
down th e  Sound of Skye from  Loch Torridon, 
on our re tu rn , we dredged in  about 100 fathom s, 
and  th e  dredge came up  tangled w ith  th e  long 
p ink stem s of th e  singular sea-pen Pavonaria qua
drangularis. Every one of these was em braced and 
strangled  by th e  tw ining arm s of A steronyx loveni, 
and th e  round soft bodies of th e  star-fishes hung  from 
them  like plum p ripe fru it. The Pavonarice were 
resplendent w ith  a pale lilac phosphorescence like 
th e  flame of cyanogen gas ; n o t sc in tilla ting  like the 
green lig h t of Ophiacantha, b u t alm ost constant, some
tim es flashing ou t a t  one poin t m ore b righ tly  and 
th en  dying gradually  in to  com parative dimness, b u t 
always sufficiently b rig h t to m ake every portion of a 
stem  caught in  th e  tangles or stick ing to th e  ropes 
distinctly  visible. E rom  th e  num ber of specimens of 
Pavonaria  b rough t up  a t  one h au l we had evidently 
passed over a  forest of them . The stems were a m etre 
long, fringed w ith  hundreds of polyps.

Ophiocten sericeum, F o r b e s ,  a n d  Ophioscolex p u r 
purea, D. and K ., were likewise very c o m m o n ,  a n d
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iii sand patches, Ophioglypha sarsii, L ü tk e n . The 
most abundant asterid was Asteropecten tenuispi
nus, always a m arked object from  its  b righ t red 
colour—w ith  here and there an  example of Archaster  
andromeda and P teraster m ilitaris. Every haul 
brought up several specimens of the so-called large

I'm . '25.—Archofler vexillifer, W v v i l l k  Tiiom ro». One-tlilrd the  nattirol size. »No. 7«* )

foym of Echinus noj'vegicus, here of a  pale colour, 
somewhat conical, and looking suspiciously like 
sm all forms of JE. flemingii.

A long w ith  one or tw o specimens of Archaster  
andromeda, we took a t  S tation 76 an  exceedingly 
beautiful A rchaster  (Fig. 25), certainly  by far the 
finest species yet dredged in  the N orthern  Seas.

The arms are flattened, somewhat square in section
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owing to tiie position and size of th e  m arginal plates, 
which ru n  up  nearly vertically from th e  side of the 
unusually  w ide am bulacral groove t i l l  they meet the 
edge of the perisoin of th e  dorsal surface. The m ar
ginal p lates are thickly covered with rounded scales 
and hear three rows of spines—one a t th e  upper edge 
(and th is series in  com bination form  a fringe round 
th e  dorsal surface of th e  star-fish), one near the centre, 
and one a  little  fa rth e r down tow ards th e  ventral 
edge. The am bulacral groove is bordered by ob
liquely placed combs of spines, short tow ards the 
apex and centre of th e  arm , b u t becoming longer 
towards its  base, and form ing a t  th e  re-entering 
angles between th e  am bulacral grooves large sin
gularly  beautifu l pads ; each plate bearing a  double 
row of spines, and each spine having a  second short 
spine or scale on th e  end, an  arrangem ent which 
adds greatly  to th e  richness of th e  bordering. The 
inner spine of each comb on th e  side of th e  am bu
lacral groove is longer th a n  th e  others, and bears 
on th e  end a  little  oblong calcareous p la te  usually 
hanging from i t  somewhat obliquely like a  flag, 
w ith sometimes a  rudim ent of a  second attached to 
it  in a gelatinous sheath, w hich makes i t  pro
bable th a t i t  is an  abortive pedicellaria. From  
th is character, which is one which cannot escape 
observation, I  have called th e  species ‘ vexillifer  
I  know no star-fish in  w hich th e  am bulacral grooves 
are so wide and th e  am bulacral tubes so large in  pro
portion  to  th e  size of th e  anim al as in  th is  species. 
The dorsal perisom is closely covered w ith  roscttc-like 
paxillæ . The colour is a pale rose, w ith  a  tinge of 
buff. The am bulacral tubes, which when th e  anim al
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is living present a very m arked featu re  from th e ir 
g reat size, are sem i-transparent and  of a  pale pink 
colour.

W e now took a  ru n  once more to  th e  southw ard, 
rccrossing th e  boundary of th e  cold stream , and 
sounding successively in  290 fathom s, w ith  a  bottom  
tem perature of 60,3 C., and  in  76 fathom s, w ith  a 
tem perature of 9°*4, practically  th e  sam e resu lt as 
in  th e  form er case ; and in  th e  n ex t four Stations, 
80, 81, 82, and 83, we repeated th e  operation in 
versely, sounding in  92 fathom s, w ith  a  tem p era
tu re  of 9°*7 0 . ; in  142, w ith  9°*5 ; in  312, w ith  6°*2 ; 
and in  362, w ith  3°0.

A fter a ru n  of abou t six ty  m iles in  a  south-easterly  
direction nearly  parallel w ith  th e  100-fathom  line, on 
th e  m orning of Saturday th e  4 th  of Septem ber we 
sounded in  la t. 59° 34' N ., long. 6° 34' W ., w ith  a 
depth  of 155 fathom s and  a  tem peratu re of 90,5 C. 
Two other S tations after ru n n in g  distances of six 
and eigh t miles only took us once m ore over the 
edge of th e  bank  and in to  th e  cold river, th e  first 
giving a depth  of 190 fathom s, w ith  a tem perature  of 
9°'3, and th e  second 445 fathoms, and  -  l o,0.

A s we were satisfied fo r th e  p resen t w ith  our work 
in  th e  cold area, and  as th e  n ex t day was th e  day of 
rest, we steam ed quietly westwards for abou t 100 
miles, past th e  B u tt of th e  Lews and beyond th e  
entrance of th e  channel to  S tation 87, la t. 590,35' N., 
long. 2° 11' W ., a  poin t nearly in  th e  m iddle line of 
th e  deep w ater of th e  channel, and consequently in  
th e  axis of th e  cold stream , th e  line in  w hich th e  
peculiarities of th e  cold area are m ost pronounced. 
H ere a  sounding gave us a depth of 767 fathom s and
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a bottom  tem peratu re  of 5°- 2 C. W e were th u s  in  
th e  w arm  area, and  th e  dead-cold w ater of th e  cold 
area ly ing  fifty or six ty  m iles off, w ith  th e  bottom  
a t  a  h igher level, was com pletely banked in. The 
bottom  tem peratu re  here corresponded so closely 
w ith  th a t  of th e  sam e depth  in  th e  R ockall Channel 
th a t  apparen tly  scarcely a  drop of th e  A rctic in-

Fin. 20.—Zoroaster f u l g e n t ,  W t  v i l l e  TnoMsoN. O ne-third the  nnturnl sizo. (No. 78.)

d raugh t m akes its  escape in  th is  direction. The 
dredge here b rough t up  h a lf a  ton  of A tlan tic  
‘ globigerina ooze,’ a load which tested  its tackle 
and th e  donkey-engine to  th e  utm ost. The weight 
of th e  dredge itse lf w ith  th e  w eight attached was 
8 cwt., so th a t altogether th e  burden reached not
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far short of a ton, and the distance i t  had to  be 
dragged through th e  water was no t m uch less th a n  a 
mile. As was frequently th e  case w hen these great 
loads came up, there were few of th e  h igher anim al 
forms in  th e  dredge. The tangles b rough t up , how
ever, two or three specimens of a  very handsom e star
fish, the type of a new genus.

Zoroaster fu lgens  (Pig. 26) is a five-rayed star-fish, 
250 mm. from tip  to  tip  of th e  arms, w hich ru n  close 
up to  the centre leaving a  sm all disk no t m ore th an  
20 mm. in  diameter. There are four rows of sucking 
feet in  th e  am bulacral grooves, a  character w hich 
places th e  genus in  the first division of th e  A sterida, 
along w ith Asteracan thion. T he arm s are compressed 
laterally , and  ru n  up  to  a  central long itud inal ridge, 
which bears a row of large pointed spines articu lated  
to  a  row of projecting knob-like ossicles. F rom  th is 
ridge bands of ossicles curve downwards to  th e  edge 
of th e  am bulacral groove so close together and so 
th ick  and solid th a t th e  arm s are continuously and 
strongly mailed over. The disk is paved w ith large 
calcareous tubercles w ith  articulated spines; th e  tuber
cles and spines becoming larger tow ards th e  centre of 
th e  disk. The whole surface of the body is covered 
w ith long fine spines, w ith  here and there a group 
of pedicellariæ on short soft stalks attached to  th e  
tops of special spines, while a row of such spines 
bearing large groups of pedicellariæ runs along the 
edges of the am bulacral grooves. W hen living, the 
whole surface of the anim al is covered w ith  a 
quantity  of glairy mucus. The colour of th e  perisom 
is a m agnificent yellow scarlet, b u t it  is very evan
escent, fading im mediately in spirit. This is a
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distinct, as well as a very s trik ing  form. W e only 
met w ith it on th is  occasion. The skeleton of this 
star-fish a t  first sight closely resembles th a t of some 
species of Ophidiaster, for instance O. asperulus, 
L i tk k n . I t  is a t once distinguished, however, by the 
fundam ental character of th e  quadruple row of am bu
lacral suckers ; and  th e  te x tu re  of th e  surface of 
the star-fish is u tte rly  different. The arrangem ent 
of the ossicles of th e  frame-work is perhaps nearest, 
to th a t in A rU ra ste r  dixoni, F o r b e s ,  from the lower 
chalk of Balcombe p it near Amberley, Sussex ; but 
th e  only specimen of th a t species, now in  the British 
M useum, unfo rtunate ly  does no t show th e  arrange
m ent of the plates in th e  am bulacral grooves.

As our coals were beginning to  ru n  short, and 
w hat rem ained were blowing off fast—steam ing 
against ra th e r a  strong head w ind—we th o u g h t it 
p ruden t to  retrace our steps slowly towards Storno
way, dredging on our way. Accordingly, in  the 
afternoon, we took a hau l in  lat. 59° 26', N ., long. 
S ' 23' AV., w ith  a  depth of 705 fathom s, and a 
tem perature  of 50,9 C. C ontinuing our easterly 
course during  th e  n igh t, b u t heading slightly north 
wards so as to come upon th e  ground where we 
had been previously so successful in  dredging the 
singular anchoring sponges, we dredged iu the 
m orning in  la t. 59° 38' N ., long. 7° 40 ' AAr., w ith  a 
depth of 415 fathom s and a  tem perature of 7°’ 5 C. 
This haul was not very rich, b u t it yielded one speci
men of ex traord inary  beau ty  and interest. As the 
dredge was com ing in we got a glim pse from tim e to 
tim e of a large scarlet u rch in  in  th e  bag. AYe 
though t it  was one of th e  highly-coloured forms
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of Echinus flem ingii o f 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—th a t  it 
should be crushed to  pieces. W e were somewhat 
surprised, therefore, when i t  rolled out of th e  bag 
uninjured; and our surprise increased, and was cer-

F io . 27.—Calveria hytlrLr, WW I L L E  T h o m s o n .  Two-tliinls llie imturul size. iNu. 80.)

tainly in  my case mingled w ith a  certain am ount of 
nervousness, when it settled down quietly in  the form 
of a  round red eake, and began to  pan t—a line of 
conduct, to  say the least of it very unusual in its 
risrid undemonstrative order. Y et there it  was with 
all the ordinary characters of a sea-urchin, its intcr- 
ambulacral areas, and its ambulacral areas with their
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rows of tube feet, 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 tak in g  th e  weird little  
m onster in  my hand, and congratu lating  myself on 
th e  m ost in teresting  addition to  m y favourite family 
which had  been m ade for m any a day.

Calveria hystrix—for I  have nam ed th is genus and 
species after our excellent Commander and his tidy

little  vessel, in g ratefu l commemoration of the plea
san t tim es we had together—is circular and depressed, 
ra th e r m ore th a n  120 mra. in  diam eter, and about 
25 mm. h igh  (Fig. 28). B oth  interam bulacral and 
am bulacral areas are wide. The peristom e and the 
periproct are unusually  large ; th e  form er covered w ith 
calcareous scale-like plates, perforated up  to th e  rim  of 
the m outh for th e  passage of am bulacral tube-feet, as 
in Cidaris; th e  la tte r w ith a large m adreporic tubercle
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and five large round openings in  th e  ovarial plates 
in  th e  centre of which open th e  wide ducts from  the 
ovaries. The jaw  pyramid, ‘ A risto tle’s lan tern ,’ is 
large and strong, and formed on th e  p lan  of th e  D ia
dematidae, and th e  teeth  are large and simply chan
nelled. The point of structure, however, in  which 
Calveria differs from all previously described recent 
urchins is th e  arrangem ent of th e  am bulacral and 
interam bulacral plates. These, instead of m eeting 
edge to  edge and abu tting  against one another so as 
to  form a  continuous rig id  shell as in  m ost other 
echinids, overlap one another ; th e  plates of th e  in te r
am bulacral areæ  from th e  apical pole tow ards the 
m outh, those of th e  am bulacral areæ from  th e  m outh 
towards th e  apical disk (Fig. 28). I n  Calveria, the 
outer portions of th e  in teram bulacral p lates leave 
spaces between them  which are filled up  w ith  m em 
brane, and th e  inner ends of th e  plates form  large wide 
expansions, w hich overlap greatly. The am bulacral 
pairs of pores are singularly  arranged  : they  are in 
arcs of three, b u t two of th e  pairs of each arc penetrate 
sm all special accessory plates, w hile th e  th ird  pair 
penetrates the am bulacral p late near th e  end. The 
outer ends of th e  in teram bulacral p lates overlap th e  
outer ends of the am bulacral plates, so th a t  the 
am bulacral areæ are essentially w ithin th e  in teram bu
lacral. The interam bulacral plates bear each close to 
th e  outer end where they  overlap th e  am bulacral 
plates, a  large prim ary tubercle ; and tw o im perfect 
rows of prim ary tubercles bearing long spines are 
ranged in  th e  middle of th e  am bulacral a reæ ; the 
rem ainder of the surface of th e  plates is th ick ly  
studded w ith secondary tubercles and m iliary grains.
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The spines are very delicate and hollow, w ith pro
jecting  processes arranged  in  an  im perfect sp iral; and 
resemble som ewhat th e  small spines of th e  Diade
matidae. The colour of th e  test is a rich crimson with 
a dash of purple, and  it is very perm anent ; th e  only 
perfect specim en procured which is 
preserved in  sp irit has no t lost 
colour g reatly  to  th e  present time.

I n  th e  sum m er of 1870, Mr.
Gwyn Jeffreys, dredging on the 
coast of Portugal, took two nearly 
perfect specimens and  several frag
m ents of another species of the 
genus Calveria ; and  subsequent 
careful exam ination of fragm ents 
and débris has shown th a t th is 
second species, C  fenestra ta , occurs 
likewise in  th e  deep w ater off the 
coast of Scotland and Ireland. The 
interam bulacral plates are n a r
rower, and leave larger m em bra
nous spaces between them , and  the 
great key-like overlapping expan
sions in  th e  middle line are m uch 
larger. The spines have th e  same 
form  and are arranged  nearly  in 
the same way ; b u t parallel to 
th e  ou ter row  of large spines 
on each in teram bulacral space there  is a row 
of four or five or m ore pedicellariæ , of quite a 
peculiar type. The head of th e  ped ice lla ta  which 
is supported on a  long stalk , consists of four valves 
(Fig. 29), the w ide term inal portion  of each forming

K m . C t i l r e r in  f e n e s t r a t a ,  
W y v i i . i . k  T h o m s o n .  O n e  o f

th e  fo»r-vnlv c » l  p c d l c d l a r i i c .
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a beautiful double fenestrated frame, with a peculiar 
tw ist in i t  rem inding one of a Campylodiscus, and a 
very elegant crenated border. These disks are raised 
on delicate hollow pedicels, which expand beneath, 
a t  the ir poin t of attachm ent to th e  common stalk. 
A  large mass of muscle envelopes th e  lower p a r t of 
the group of pedicels, and doubtless determ ines the 
movement of th e  valves in  reference to  one another.

I t  is difficult to  see w hat relation in  position the 
valves can occupy when th e  instrum ent, w hatever 
m ay be its  use, is closed.

W e now steamed onwards to  th e  south-east for 
about ten  miles, and p u t down our dredge, fully 
equipped w ith  ‘ hem pen tangles ’ and  every accessory 
device for entrapping th e  denizens of th e  deep, exactly, 
as our Commander assured us, over th e  spot w here we 
had dredged th e  H olteniœ  early  in  th e  cruise. W e 
got there in  the evening, and adopted a  p lan  which 
we had tried  successfully once or twice before; we 
allowed th e  dredge to rem ain down a ll n igh t, m oving 
along w ith  th e  drift of th e  vessel, and hauled i t  up 
in  th e  early morning. I  do no t believe hum an 
dredger ever got such a  haul. The special inhab it
an ts of th a t particu lar region—vitreous sponges and 
echinoderms—had taken  quite kindly to  th e  tangles, 
w arping themselves into them  and sticking through 
them  and  over them , till  th e  mass was such th a t we 
could scarcely get it  on board. Dozens of g rea t H ol
tenia , like

“ W rin k led  heads and  aged,
W i th  silver beard  and  hair,”

a  dozen of th e  best of them  breaking off ju s t  at 
th a t critical poin t where everything doubles its
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w eight by being lifted ou t of the water, and sink
ing slowly away back again to  our inexpressible 
anguish ; glossy whisps of Hyalonema spicules ; a 
bushel of th e  p retty  little  m ushroom-like Tisiphonia ; 
a  fiery constellation of the scarlet Astropecten tenuis
p inus ; while a whole tangle was ensanguined by the 
‘ disjecta m em bra ’ of a  splendid Brisinga.

There was no t m uch in the dredge-bag th a t was 
new. Some large Munir!œ, w ith th e ir 1 sphëery eyne ; ’ 
some fine specimens of Kophobelemnon m ulleri; an 
exam ple of th e  E uryalid , A stero n yx  loveni, nearly 
th e  only Scandinavian echinodenn which we had not 
previously ta k e n ; and an  in jured specimen of a 
flexible urchin , which we supposed to be of th e  same 
species as th a t procured th e  day before, although it 
differed greatly  in  colour, being of a  uniform  pale 
grey. U pon fu rth e r exam ination, however, i t  proved 
to  he th e  type of a  to tally  different generic group of 
the same family.

B  hormosoma placenta  resembles Calveria in having 
th e  perisom flexible, the plates overlapping in  the 
same way and in  th e  same directions ; bu t the plates 
overlap one another only slightly, and  they leave no 
m embranous spaces between, so th a t they form a 
continuous shell. The great peculiarity  of th is form 
is th a t th e  upper, surface is quite different from the 
lowei’. Above, th e  am bulacral and  interam bulacral 
areæ are well defined and in  ordinary proportion, 
the in teram bulacral areæ being ju s t  twice as wide 
as th e  am bulacra], and th e  spines are m uch like 
those of Calveria, and are arranged nearly  in  the 
same m anner. A t th e  periphery the shell comes to 
a kind of ridge, and alters entirely ; from the edge
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to  the m outh th e  distinction between am bulacral 
and interam bulacral areæ is apparently  lost, and 
th e  sutures between the plates can scarcely be made 
out ; th e  pore areæ are reduced to  mere lines of 
double pores, and the whole of the surface of the 
shell is studded over uniform ly w ith  th e  very large 
areolæ of prim ary tubercles, bearing spines which 
are small and delicate and apparently  qu ite  out of 
proportion to th e  mass of muscle connected w ith  
them  which fills the areolæ. As in  Calveria, the 
tubercles are perforated.

W e have thus become acquainted w ith  th ree 
members of a family of urchins which, w hile differ
ing in  a m ost m arked way from all o ther known 
living groups, bear a certain  relation to some of these, 
and easily fall in to  th e ir place in u rch in  classification. 
They are ‘ regular echinids,’ and have th e  norm al 
num ber and arrangem ent of th e  principal parts. 
They resemble the Cidaridae in the continuation of 
the lines of am bulacral pores over the scaly m em brane 
of th e  peristom e to  th e  m outh, and they  approach 
th e  Diadematidae in th e ir hollow spines, in  th e  form  
of the ir sm all pedicellariæ, and in the general struct ure 
of th e  jaw  pyram id. From  both of these families they 
differ in the im bricated arrangem ent of the plates and. 
in  the structure of the pore areæ, to the. widest ex ten t 
compatible w ith belonging to  th e  same sub-order.

M any years ago M r. W ickham  Flow er of P ark  
H ill, Croydon, procured a very curious fossil from  
th e  upper chalk of Iligham  near Rochester. I t  con
sisted of a num ber of series of im bricated plates 
rad ia ting  from a centre, and while certain  sets of these 
plates were perforated w ith the characteristic double
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pores of the urchins, these were absent in  alternate 
series. Some points abou t th is fossil, particu larly  
th e  im bricated arrangem ent of the plates over portions 
indicating  a  circle a t least four inches in  diameter, 
caused g rea t difficulty in  referring i t  to  its place. 
Edw ard Forbes examined it, b u t would no t hazard 
an  opinion. T he general impression was th a t i t  m ust 
be th e  scaly peristom e of some large urchin, possibly 
of a large C yphosom aa  genus abundan t in  the same 
bed. Some years after th e  discovery of th e  first 
specimen, a second was obtained by th e  Rev. Norm an 
Glass, from C harlton in  K ent. This specimen ap
peared a t first to  solve th e  difficulty, for i t  contained 
in  th e  centre a well-developed * lan tern  of A ristotle ; * 
there then  was the peristome of th e  urchin, of which 
M r. F low er’s specimen was th e  periproct. The late 
Dr. S. P . W oodward exam ined th e  two specimens 
carefully, and found th a t th e  question was no t so 
easily settled. H e detected th e  curious reversal of 
the im brication of th e  plates in  th e  am bulacral and 
in teram bulacral areæ  which I  have described in 
Calveria, and  a t  one -point he traced th e  plates over 
th e  edge of the specimen, and found th a t they  were 
repeated inverted on th e  o ther side. W ith  great 
patience and  great sagacity he worked th e  th in g  out, 
and came to th e  conclusion th a t  he was dealing 
w ith  th e  representative of a  lost family of regular 
echinids.

W oodward nam es his new genus Echinothuria , and 
describes th e  chalk species, E . floris , alm ost as fully 
and accurately as we could describe i t  now w ith  a full 
knowledge of its  relations — for Echinothuria  is 
closely related  to  Calveria and Phormosoma. In  all
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essential family characters they agree. The plates 
im bricate in  the same directions and on the same 
plan, and the structure of th e  am bulacral areæ, 
which is so special and characteristic, is the same. 
Echinothuria differs from  Calveria in  th e  wider in te r
am bulacral and am bulacral plates, in th e  sm aller 
am ount of overlapping, and in  th e  absence of m em 
branous in tervals; and from  Phormosoma i t  differs 
in  having th e  structure, and ornam ent of th e  apical 
and oral surfaces of the test th e  same.

As the genus Echinothuria  was th e  first described, 
I  have felt justified in  nam ing the fam ily th e  Echino
thuridae. I  have done th is w ith  th e  g reater pleasure, 
as i t  brings into prominence a  te rm  suggested by 
my la te  friend D r. W oodward, whose early death 
was a  serious loss to  science. I n  D r. W oodw ard’s 
memoir, the following curious paragraph occurs :—

‘‘ A fter this apparently  conclusive dem onstration, 
it  appears desirable to  give a  nam e to th is  fossil and 
to  a ttem p t a short description, although its  rank  and 
affinities are still a  m atter of conjecture. A t present 
i t  is one of those anom alous organisms w hich M ilne 
Edwards compares to solitary stars belonging to  no 
constellation in  particular. The disciples of Von Baer 
m ay regard it  as a  ‘ generalized form ’ of echinoderm, 
coming, however, ra th e r la te  in  the geological day. 
The publication of i t  should be acceptable to those 
who base the ir hopes on the ‘ im perfection of th e  
geological record,’ as i t  seems to  indicate the 
former existence of a  family or tribe, whose full 
history m ust ever rem ain unknow n.” The special 
bearings of th e  discovery of th is  group, and  of 
several other anim al forms allied to chalk fossils
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living am ong th e  recent chalk-m ud of the A tlantic 
sea-bed, w ill be discussed in a fu ture  chapter.

W hile we were exam iuing our wonderful dredge
load th e  little  4 Porcupine ’ was steam ing slowly 
southw ards—past th e  island of Rona, and Cape W rath  
looking ou t in to  th e  no rth  cold and blue, w ith  the 
waves now curled up asleep a t  its feet, as if  they 
never did any harm  ; past th e  welcome B u tt of the 
Lews, and  in to  th e  little  harbour of Stornoway. H ere 
we rem ained some days; no t sorry—even although 
our cruise had been thoroughly pleasant—to  exchange 
th e  som ewhat cram ped rou tine  of life in  a gun-boat 
for th e  genial hospitalities of Stornoway Castle.

T he fauna of th e  4 warm area ’ is under circum
stances altogether special and peculiar, which must 
be discussed in  fu ll hereafter. W hile th e  cold area 
is sharply  restricted, th e  w ann  area extends con
tinuously  from th eF æ ro es  to the S tra it of G ibraltar. 
A t all events th e  same conditions are continuous ; 
but as will be explained more fully hereafter, the 
whole 600 or 700 fathom s of w ater down to the 
bottom  a t  th e  m outh  of th e  Fæ roc Channel, corre
sponds w ith  th e  surface layer only to a like depth in 
th e  Rockall Channel or in the A tlan tic  basin. The 
first 700 to  800 fathom s in all cases are actually  
warm, b u t where th e  depth greatly  exceeds 800 
fathom s, there is a  mass of cold w ater beneath sink
ing slowly to  nearly th e  freezing-point. The bottom 
therefore, th e  habitation  of th e  fauna, is only warm 
where th e  depth is no t greater th an  S00 fathoms, 
and  in  such a case only can the term  4 warm area ' 
be correctly applied. Such arc the conditions off 
Færoc, and it. is th is which makes the contrast
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between the warm and cold areas so m arked in  th a t 
region. Tho warm area, however, even as thus 
restricted, is continuous southw ards so far as we 
know indefinitely for th e  N orth  A tlan tic , occupying 
th e  zone of depth along th e  coast from say 300 to  800 
fathom s. A t great depths everywhere th e  clim atal 
conditions approach those of th e  cold area, and the 
actual character of a  fauna—an assemblage of anim als 
a t  any one spot—m ust depend n o t m erely upon tem 
perature b u t upon th e  laws regu la ting  the d is tr ib u 
tion of deep-sea anim als ; a  subject on w hich we know 
as yet very little.

The bottom  in  th e  cold area in  th e  Eæroe Channel 
is rough gravel. T hat in  th e  w arm  is everywhere 
nearly homogeneous 'g lob igerina  ooze.’ This c ir
cum stance alone is sufficient to  determ ine a  m arked 
difference in  th e  hab its o f th e  anim als and  th e ir 
mode of life.

R eferring th en  to  th e  foram inifera, th e  dredge came 
up th roughou t th e  w arm  area fu ll of Globigerina and 
Orbulina, and  fine calcareous mud, th e  product of th e ir 
disintegration. Am ong these were m ultitudes of 
o ther forms, m ost of them  of large size. I  quote from 
Dr. C arpenter. Speaking of th e  H oltenia  ground, he 
says :— “  The Foram inifera  obtained on th is  and  the 
neighbouring parts of th e  warm area presented m any 
features of g reat interest. As already stated, several 
arenaceous forms (some of them  new) were extrem ely 
abundant ; bu t in  addition to these we found a  great 
abundance of M iliolines of various types, m any of 
them  atta in ing  a  very unusual and some even 
an  unprecedented size. As last year, we found 
Cornuspira! resem bling in  general aspect th e  large
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O perculum  o f tropical seas, and Biloculina  aud 
Triloculina  far exceeding in  dimensions the littoral 
forins of B ritish shores; and w ith these were asso- 
cated C ristellaria  of no less rem arkable size, pre
senting every gradation from an  alm ost rectilineal 
to th e  nautilo id  form, and having th e  anim al body in 
so perfect a  s ta te  as to  enable it  to  be completely 
isolated by th e  solution of the shell in  dilute acid."

Sponges were extrem ely abundant, b u t they were 
restric ted  to  only a  sm all num ber of species ; all of 
them  w ith one form  or another of th e  curious an
choring habit. A m ong th e  Hexactinellidae H oltenia  
was th e  m ost strik ing and the m ost abundan t form. 
Hyalonema  was also common ; b u t we got few per
fect specimens w ith  th e  sponge and glass-rope in 
connection. The conical sponge heads were very 
num erous ; they  seemed to  have been to rn  off by 
th e  edge of the dredge, th e  rope rem aining in  
th e  m ud, and th e  ropes were frequently brought 
u p  w ithout th e  sponge. A lm ost all th e  ropes were 
encrusted w ith  th e  constant ‘ commensal * of H ya
lonema, Palythoa fa tu a . Very young exam ples of 
Hyalonema , w ith  th e  whisp from 5 mm. to  20 mm. 
long, had usually no Palythoa  on them  ; b u t when 
they had a tta ined  above the la tte r  dim ensions in 
alm ost every case one could see th e  first polyp of 
the Palythoa  m aking its appearance as a small 
bud, and its  pink-encrusting ccenosarc spreading 
round it. By far th e  m ost common sponge in the 
chalk-m ud is th e  p retty  little  hem ispherical corti
cate form  Tisiphonia agariciformis. This species, 
though differing from it g reatly  in  appearance and 
habit, seems to be closely allied to  a strong, heavy



1 6 8 T U E  D E P T H S  O F T H E  SEA. [CHAP. IV.

encrusting sponge which we m et w ith frequently  
sticking to stones in  th e  ‘ cold area .’ T he form  of 
th e  spicules was nearly though  no t qu ite  th e  same, 
and th e ir arrangem ent was very sim ilar. I t  appeared 
as if  th e  two forms placed in  interm ediate circum 
stances m ight have approached one ano ther very 
closely.

I n  th e  warm area, as in  th e  cold a t  these great 
depths, there is a  singular absence of H ydrozoa. A 
few species of Sertularia  and P lum ularia , and  one or 
two allied forms occurred, and they are now in  the 
skilful hands of D r. A llm an for determ ination  ; bu t 
th e ir small num ber and insignificance is remarkable.

N either are th e  tru e  corals represented by num er
ous species, although in  some places individuals 
are enormously abundant. D uring  th e  ‘ Porcupine ’ 
cruises of 1869 twelve species of M adreporaria were 
procured w hich have been determ ined by Professor 
M artin  Duncan. N one of these belong to ‘ reef- 
building * genera, b u t to  a  group which are recognized 
as deep-sea corals, a  group w hich appears to  have had 
num erous representatives during all th e  la ter geolo
gical periods. I n  a band somewhat restric ted  in 
depth, extending downwards from th e  100-fathom 
line, we m et in  some places w ith very large num bers 
of m any varieties of Caryophyllia borealis, F l e m i n g  

(Fig. 4) ; and a t depths of 300 to  600 fathom s the 
handsome branching Lophohelia prolifera , P a l l a s  

(F ig  30), forms stony copses covering the bottom  
lor many miles, the clefts of its  branches affording 
fully appreciated shelter to m ultitudes of Arca  
nodulosa, Psolus squamatus, Ophiopholis aculeata , 
and other indolent ‘ commensals.’
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Five species of Am phihelia  are cited by Professor 
M artin  Duncan from  th e  ‘ P o rcup ine’ expedition :— 
A . profunda, P o u k t a l e s ; A . oculata, L. sp .; A . mio
cenica, S e g u e n z a ; A . atlantica, n. sp. ; and A . ornata,

r io .  30.— Lophohelia prolifera, T a i . l a s  (•!».). Three-fourths the  notum l size. (No. 2fl )

n. sp. ; and on oue or two occasions, chiefly on the 
verge of the cold area, the hempen tangles involved 
some elegant fragm ents of the stony coral Allopora 
oculina, E i i u e n b e r g  (Fig. 31).
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A lthough many of the echinoderms of th e  cold 
area are common to the warm, th e  general facies 
of the echinoderm fauna is different, and there are 
a  num ber of additional and very strik ing  forms.

Cidaris papilla ta , L esk e , is abundant a t  m oderate

F i o .  81 .— A llo p o ra  o c u lin a ,  E r tn r .N o rn n .

depths. On our second visit to the H oltenia  ground 
we dredged one sm all specimen of th e  handsome 
urchin already described, Porocidaris purpurata. 
A fine brilliantly-coloured urchin of th e  Echinus
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flem ingii g r o u p ,  b u t  d i s t i n g u i s h e d  f r o m  E . flem ingii 
b y  c h a r a c t e r s  w h i c h  I  m u s t  r e g a r d  a s  o f  sp e c if ic  
v a l u e ,  Echinus microstoma, W y v i l l e  T h o m s o n , w a s  
c o m m o n  a n d  o f  l a r g e  s i z e  ; a n d  a l o n g  w i t h  i t  m a n y  
v e r y  b e a u t i f u l  b r i g h t l y - c o l o u r e d  e x a m p l e s  o f  t h e  
s m a l l e s t  f o r m  o f  E . norvegicus.

The th ree  species o f th e  Echinothuridae, Calveria 
hystrix , C. fen estra ta , and Phormosoma placenta  have 
as yet been m et w ith  in th is  region only, and they 
seem to  have a w ide d istribution , stretch ing  a t about 
the same depth and  tem perature from th e  F £ ro e  
Islands to  th e  south of Spain. I  hear from Pro
fessor A lexander Agassiz th a t Count Pourtalcs has 
dredged fragm ents of one of th e  species under nearly 
sim ilar circum stances in  the S tra it of Florida. 
Cribrella sanguinolenta was in  thousands, of all 
colours—scarlet, b rig h t orange, and chocolate brown. 
Several exam ples were found of a  fine Scytaster, 
probably identical w ith  the Asterias canariensis of 
D’Orbigny, and if  so having a  southern d istribu
tion. The curious little  Pedicellaster typicus of 
Sars was no t un lrequen t ; a  form  which looks very 
m uch like th e  young of som ething else. One small 
specimen of P teraster m ilitaris  came up from the 
H oltenia ground, b u t w ith th e  exception of A stro - 
pecten tenuispinus, w hich seemed to be more abun
dan t th a n  ever, the characteristic arctic echino- 
derms were absent. W e took no exam ples here of 
Toxopneustes d  roba chien sis, Tripylus fra g ilis , A r 
chaster andromeda, Ctenodiscus crispatus, Astropecten 
arcticus, E uryale linlcii, Ophioscolex glacialis, or 
A ntedon escrichtii. I t  is very likely th a t there  may 
be colonies in th e  ‘ warm a re a ’ of some or of all of



1 7 2  T H E  DEP TH S OF T H E  SEA.  [ c h a p . iv .

these—for th e  region in  which they  are common 
under very different clim atal conditions is w ith in  a 
few miles, and there  is no in tervening  b arrier— but

F io . 32.— Ophiomusium lym ani, W w i l l s  T iio u b o m . Dorsal surface ; natural s i r e .  (No. 4i.

they certainly are no t abundant. A m phiura  abys
sicola, S a rs , was in great num bers sticking to  the 
sponges, and  Ophiacantha spinulosa was nearly as 
common as in  th e  cold area.
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AVc took one or two sm all examples of a very fine 
opliiurid, of which la rger specimens had been pre
viously found a t about the same depth and tem 
perature during  th e  second cruise of th e  same 
season off the coast of Ireland. This form probably 
ought to be referred to  Lym an’s genus Ophiomusium,

K i o .  S 3 .— O p h io m u s iu m  l y m a n i ,  W y v i l l e  T h o m so n . O r n l  su rfa ce .

though th e  characters of th e  genus m ust be some
w hat altered  to  adm it it. Ophiomusium eburneum , 
L y m a n , of w hich several specimens were taken by 
Count Pourtales a t depths of from  270 to 335 
fathom s, off Sandy Key, is distinguished by the 
g rea t solidity and complete calcification of the
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perisom. The plates of th e  disk are soldered 
together, so as to  form a close mosaic (/.luaelov). 
The m outh-papillæ  are fused in to  tw o lines, th e ir 
num ber being only indicated by grooves. The 
la tera l arm -plates are un ited  together above and 
below, th e  upper and lower arm -plates are reduced 
to m ere rudim ents, and there are no ten tacle pores 
beyond th e  first arm-joints.

F ia . 31. — Dorynchus thomsoni, N o b m a n . Once and  a  h a lf the  na tu ra l size ; everywhere in
deep water.

I n  our new species, which I  nam e provisionally 
Ophiommium lymani, th e  diam eter of th e  disk is 
28 mm., and th e  length of each arm  100 mm. in 
large specimens. The two la tera l arm -plates, fused 
together above and below, form  com plete rings, th e ir 
distal edge notched on each side for the insertion of 
seven arm  spines, of which the lowest is m uch longer 
th an  th e  rest. The dorsal arm -plates are sm all and 
diamond-shaped, le t in between the la tera l arm - 
plates a t the d istal end of th e ir upper line of
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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  th e  same 
genus; b u t it  looks like a th in g  which m ight be 
expected to  have congeners in th e  upper chalk. 
H olothurids were no t frequent, bu t th e  singular 
little  Echinocucumis typica of Sars, covered with 
spiuv plates, tu rn ed  up in every sifting.

Kio. 3.1.— Anuilhiu carpenteri, N o i i m a x .  Once «ml a  lia lf llic natural size. (No. 47.)

C rustacea are num erous ; b u t we have here entirely 
lost the gigantic A rctic am phipods and isopods of 
th e  ‘ cold area .’ A  p re tty  little  stalk-eyed form 
Dorynchus thomsoni, N o r m a n  (Fig. 3 1 ) ,  small and 
delicate, and very d istinc t from all previously de
scribed species of the genus, is very widely diffused.
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This crab, from its long spiny legs and lig h t body, 
very often comes up entangled on th e  p a rt of th e  rope 
which had been passing over th e  ground. A nother 
handsome new species, A m athia  carpenteri, N o r 
m a n  (Fig. 35), was common in  th e  sandy chalk- 
mud of the ‘ H oltenia ground.’ The genus had 
previously been fam iliar as a  M editerranean form.

I  quote from  a  prelim inary notice of th e  C rus
tacea by the Itev. A . M erle N orm an : “ Ethusa  
granulata  (sp. n.), th e  same species as th a t found 
off V alentia, b u t exhibiting a  m ost extraordinary  
modification of structure. The examples taken  a t 
110—370 fathom s in  th e  m ore southern  hab ita t 
have th e  carapace furnished in  fron t w ith  a  spi
nöse rostrum  of considerable length . The anim al 
is apparently  blind, b u t has two rem arkable spiny 
eye-stalks, w ith  a smooth rounded term ination  
w here th e  eye itse lf is ordinarily situated. I n  th e  
specimens however from  th e  no rth , which live in 
542 and 705 fathom s, th e  eye-stalks are no longer 
moveable. They have become firm ly fixed in  th e ir 
sockets, and th e ir character is qu ite  changed. They 
are of m uch la rger size, approach nearer to  each 
o ther a t  th e ir base, and instead of being rounded a t 
th e ir apices they  term inate in  a  strong  rostra te  
point. N o longer used as eyes, they  now assum e the 
functions of a rostrum  ; while th e  tru e  rostrum  so 
conspicuous in  th e  southern specimens has, m arvellous 
to  state , become absorbed. H ad  th e re  been only a 
single exam ple of th is  form  procured, we should a t 
once have concluded th a t we had found a m onstrosity, 
b u t there  is no room for such an  hypothesis by w hich 
to  escape from  th is most strange instance of modifi
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cation of s truc tu re  under altered conditions of life. 
Three specimens were procured on two different 
occasions, and  they are in  all respects sim ilar.”

M ollusca are m uch m ore abundan t and varied 
in the w arm  area  th a n  in  th e  cold. M r. Gwyn 
Jeffreys rem arks, however, th a t there is not such 
a decided difference in  th e  M olluscan fauna of the 
two regions as m igh t have been expected from  the 
difference in  th e ir conditions; very m any species 
being common to  both . A t 500 fathom s th e  sponges 
are fu ll of V e d e n  vitreus, Cuem., and Columbella 
ha licet i, J e f f r e y s ; and  th roughout th e  area species 
occur of m any M olluscan genera, including Lima, 
D acridium , Nucula, Leda, M ontacuta, A xinus, A starte , 
Tellina, N aeva, D entalium , Cadulus, Siphonoden
talium , Bissoa, A clis, Odostomia, Aporrhais, Tleuro- 
toma, Lusus, and  Buccinum.

Taken as a whole th e  fauna of th e  w arm  area off 
th e  no rth  of Scotland seems to  be an  extension of 
a fauna w ith  which we are as vet very im perfectly 
acquainted, occupying w hat we m u st now call 
m oderate depths, say from 300 to  800 fathom s, 
along coasts w hich are bathed by curren ts of equa
to rial w ater. The fauna of th is  zone is evidently 
extrem ely rich ; and  as i t  is beyond th e  reach of 
ordinary dredging from  an  open boat, and  yet not 
a t  a  sufficient depth  to  present any very great diffi
cu lty  from a yach t of average size, its  exploration 
seems to  p resen t ju s t  th e  com bination of adventure 
and novelty  to  stim ulate am ateu rs; so we may 
hope shortly  to  have its  conditions and  distribution 
cleared up . A  m ost successful step in  th is  direction 
has been m ade already by M r. M arshall H aii, who,
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w ith  his yacht ‘ N orna,’ and w ith  the aid of M r. 
Saville K ent, has throw n a  good deal of additional 
ligh t upon th e  zoology of th e  ‘ w arm  area  ’ off the 
coast of Portugal.

W e left Stornoway on the 13th of Septem ber, and 
in  the afternoon dredged for a few hours in  Loch 
Torridon w ithout much result. L ate in  th e  evening, 
steam ing down Raasay Sound, we came upon the 
lum inous forest of Pavonaria  to  which 1 have already 
referred. A t noon, on th e  11th , we were abreast of 
th e  Island  of M ull, and on th e  15th  we were once 
more moored in  th e  A bercorn Basin, Belfast, where 
we took leave of the ‘ Porcupine 9 and our highly- 
valued friends her captain and officers ; in  th e  hope 
of m eeting them  again  shortly, and thoroughly  
satisfied w ith  th e  success of our sum m er’s work.

On th e  2-itli of M arch, 1870, a  le tte r was read a t 
th e  council m eeting of th e  Royal Society from Dr. C ar
penter, addressed to  th e  President, suggesting th a t an 
exploration of th e  deep sea, sueli as was carried out 
during  1868 and  1869 in  th e  regions to  th e  no rth  and 
w est of th e  B ritish  Islands, should now be extended 
to  th e  south of Europe and th e  M editerranean, and 
th a t  th e  council of th e  Royal Society should recom 
m end such an  undertaking to  the favourable con
sideration of the A dm iralty, w ith a view to  obtain 
the assistance of H er M ajesty’s Government, as on 
th e  previous occasions. The official correspondence, 
w ith  reference to th e  expedition of th e  sum m er of 
1870, is given in  A ppendix A to  th e  present chapter.

I t  was intended, as on the previous occasion, to 
divide th is  year’s expedition in to  cruises ; and  again 
M r. Gwyn Jeffreys undertook the scientific direction
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of the first cruise, a t  a  tim e when both D r. Carpenter 
and I  were occupied w ith  our official work. A young 
Swedish na tu ra lis t, Mr. Joshua L indahl ot the U ni
versity of Lund, accompanied him  as zoological 
assistant, and Mr. W . L. C arpenter took charge of 
the chemical departm ent. I t  was arranged  th a t Mr. 
Jeffreys’ cruise should extend from Falm outh  to 
G ibraltar. Dr. C arpenter and  I  were to have re
lieved him  a t  G ibraltar, m eeting th e  vessel there, and 
to have worked together as we did the year before; 
bu t I  was unfortunately  laid up w ith  an  a ttack  of 
lever, and th e  whole charge of th e  last cruise in  the 
M editerranean rested w ith Dr. Carpenter. Owing to 
th is untow ard circum stance, I  m ust give a t second
hand th e  brief account of th e  first p a r t of th e  work 
of the year 1870 which is necessary to  complete th e  
sketch of w hat has been done tow ards th e  illus
tra tio n  of th e  condition and fauna of th e  N orth  
A tlantic. I n  th e  M editerranean Dr. C arpenter found 
th e  conditions of tem perature  and of th e  d istribu
tion of anim al life entirely  exceptional, as m ight 
have been to a  certain  ex ten t anticipated from  the 
exceptional circumstances of th a t land-locked sea. 
The investigation of 1870 can only be said to  have 
broken ground towards th e  solution of a series of 
very special and peculiar problem s; and I  am  not 
in  a  position to go fa rther a t  present than  to  indicate 
th e  general resu lts  a t which my colleague has arrived.

The ‘ P o rcup ine’ left Falm outh on th e  4 th  of Ju ly , 
bu t was detained in  the C hannel for several days by 
fogs and contrary winds. On th e  7 th of Ju ly , they 
reached th e  slope from the plateau of the Channel to 
the deep w ater of the A tlan tic , and took a first haul
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in  567 fathoms. Mr. Jeffreys reports th e  contents of 
th e  dredge as small b u t very interesting. Among 
th e  mollusca he notes Terebratida septata , Limopsis 
borealis, H eia tenella, Verticordia abyssicola, Turbo 
filosus , and Ringicula ventricosa. Turbo filosus  and 
its  variety  T. glabratus had previously been know n 
only as fossils in th e  tertiaries of C alabria and  Mes
sina. Terebratula septata , Limopsis borealis, and 
H eia tenella  are likewise fossil in  th e  Pliocene beds of 
southern Ita ly , and  are found living in th e  Scandi
navian seas. Mr. N orm an notes am ong th e  crus
taceans new species of Ampelisca  and of six other 
genera; and th e  beautifu l scarlet Echinus microstoma 
was the m ost conspicuous echinoderm.

The wind, as the vessel passed over th e  slope of the 
Channel, was ra th e r  too lig h t for successful dredging ; 
th e  drift-way was scarcely sufficient to  carry  th e  
dredge along. The tangles were m ost valuable, 
coming in  as h ighly  effective aids, particu larly  in  
securing all th ings provided w ith  anyth ing  in  the 
form  of spines or o ther asperities.

O n th e  8 th  the first hau l was nearly a failure. O ther 
hauls la ter in  th e  day, a t 690 and 500 fathom s, gave 
im portan t results. Rhynchonella sicula , S eg u en za  ; 
Rleuronectia , sp. n. ; and Actæon , sp. n., occurred: 
besides th e  usual northern  species. Mr. N orm an 
reports as to  No. 3 :  “ A  most im portan t dredging, 
the results among th e  crustacea being more valu
able th a n  all the rest p u t together— at any rate 
of th e  first cruise. I t  contains alm ost all of the 
choicest of th e  new species in  last year’s expedi
tion, and four stalk-eyed crustaceans of great in 
terest, th ree of which are new, and th e  fourth ,
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Geryon tridens, is a  fine Norwegian species. W ith 
these are associated two forins of a more southern 
character, Inachus dorsettcitsis and Ebalia cranchii, 
which I  should not have expected a t so great a 
depth.”  The echinoderma were a  very northern  
group. They included Cidaris papilla ta , Echinus nor
vegicus and  E. microstoma, the young of Brissopsis 
lyrifera, Astropecten arcticus, Archaster andromeda, 
and A . parellii, w ith  a small specimen of Ophio
musium lymani, several examples of Ophiacantha 
spinulosa, and as usual one or two of th e  universally 
distributed  Echinocucumis typica . Dr. M cIntosh , to 
whom th e  annelids were referred, notices as a species 
supposed to be specially northern , Thelepus coro
natus, F a b . ;  and H oltenia carpenteri, our fam iliar 
anchoring sponge, of all sizes and ages and in  consider
able num bers, was entangled in th e  hem pen c swabs.’ 

Ju ly  9th .—The w ind still too lig h t fo r effective 
work. Dredged in  717 and 358 fathom s, th e  assem
blage of mollusca having th e  usual character of being 
to  a  great ex ten t common to  th e  recent fauna of the 
seas of Norway and  to  th e  pliocene fauna of Sicily 
and the M editerranean. I t  included on th is  occasion 
Terebratella spitzbergensis, an  arctic and Japanese 
form, Pecten vitreus, and  P . aratus, L eda  pernula, 
Trochus suturalis, Odostomia nitens, and Pleurotoma 
hispidulum. A m ong th e  ecliinoderms was a fine 
specim en of Brisinga endecacnemos, A b s j ö r n s e n , 

very m arkedly different from  B . coronata, which was 
th e  form  commonly m et w ith  in  th e  north. The 
corals were represented by Am phihelia  oculata and 
Desmophyllum crista-galli. A m ong the annelids were 
P ista  cristata, O. F . M ü l l e r , and  Trophonia glauca,
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M a l m g r e n ,  both of them  A rctic species. The 10th 
was Sunday, and th e  vessel lay-to, and on th e  l l t l i  
they  dredged, still on the slope of th e  channel plateau, 
w ith  nearly th e  same result as before, th e  fauna 
m aintaining th e  same character.

M r. Gwyn Jeffreys was now anxious to  get a  haul 
or two in  the very deep w ater off th e  m outh  of the 
Bay of Biscay, which we had explored successfully 
in  1869. They therefore steamed southw ards, going 
a considerable distance w ithou t dredging, as they 
were afraid of com ing in  contact w ith th e  cable 
between Brest and N orth  America. W hen  th ey  got 
to the ir ground unfortunate ly  bad w eather se t in, 
and they were obliged to  m ake for Vigo. O n T hurs
day, Ju ly  14th, they  passed Cape F in isterre , and 
dredged in  81 fathom s abou t 9 miles from the 
Spanish coast. A long w ith  a num ber of fam iliar 
forms, some of them  w ith  a  wide no rthern  exten
sion, they  here took on th e  tangles two specimens, 
one young and one apparently  m atu re , both  con
siderably injured, of th e  singular Echinidean already 
m entioned, Calveria fenestrata . This is evidently 
no t a rare form  nor is i t  confined to  very deep w ater ; 
i t  is ra th e r rem arkable th a t it  should have escaped 
notice so long. On th e  15th, they  sounded in  from 
100 to  200 fathom s, abou t 40 miles from Vigo, and 
on th e  16th  took one or two hauls in  Vigo Bay a t 
a depth of 20 fathom s. This locality had  already 
been well-nigh exhausted by Mr. M cAndrew  in 1849, 
and  only a  few additions were made to his list.

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

“  W ednesday, Ju ly  20th .— Dredged all day with
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considerable success a t depths from 380 to  994 
fathom s (S tations 11-1(5) : th e  w ind and sea had now 
gone down ; and we took w ith  th e  scoop-net a  few 
living specimens of Clio cuspidata. The dredgings in 
380 and -109 fathom s yielded am ong th e  mollusca 
Leda  lucida (Norwegian and a Sicilian fossil), A xinus  
eumyarius (also N orwegian), Necera obesa (Spitz
bergen to  the W est of Ire land), Odostomia, n. sp., O. 
minuta  (M editerranean), and Cerithium , n. sp. ; and 
am ong th e  eckinoderms were B risinya  endecacnemos 
and A steronyx  loveni. B u t th e  resu lts  of th e  dredg
ing in 991 fathom s were so extraordinary  as to  excite 
our u tm ost astonishm ent. I t  being la te  in  th e  even
ing, th e  contents of the dredge could no t be sifted 
and exam ined u n til daylight th e  nex t m orning. W e 
th en  saw a m arvellous assemblage of shells, m ostly 
dead, bu t com prising certain  species which we had 
always considered as exclusively northern , and others 
which M r. Jeffreys recognized as Sicilian te rtia ry  fos
sils, while nearly  40 per cent, of th e  en tire  num ber 
of species were undescribed, and some of them  repre
sented new genera. The following is an  analysis of 
the mollusca perfect and fragm entary  taken  in  th is 
one hau l :—

Onlrrx.
Tol ul 

number Recent. Fosaii. Unde*_ »1 .  .  «

0
Of ftcrilieil

JS m c liio p o Ju . 1 1 -

_______
~  _ _

C o n c lii lc m  . . . . n o 3 2 1 17
S o le n o c o n c h ia  . . . m1 3 4
(.¡aste rope lla  . . . . . h » 42 23 48
11 c to ro p o ila  . . . . i 1
P te ro p o d a  . . . . u 12 — o
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The northern  species above referred to  are 34 in num 
ber, and include Dacriclmm vitreum. N ucula  •pumila, 
L eda  lucida, L .  fr ig ida , Verticordia abyssicola, Necora 
jugosa, N . obesa, Tectura fu lv a , Fissur isep ta  papillosa, 
Torellia vestita,Pleurotoma turricula, A dm ete viridula, 
Cylichna alba, Cylichna ovata, J e f f r e y s  n. sp., B u lla  
conulus, S. W o o d  no t D e s h a y e s  (Coralline Crag), 
and  Scaphander librarius. Leda  lucida, Necora jugosa, 
Tectura fu lva , Fissurisejita papillosa, Torellia vestita, 
as well as several other known species in  th is dredging, 
are also fossil in  Sicily. N early a ll these shells, as 
well as a few sm all echinoderms, corals, and other 
organisms, had  evidently been transported  by some 
curren t to  th e  spot where they  were found ; and they 
m ust have form ed a  th ick  deposit sim ilar to those of 
which m any te rtia ry  fossiliferous s tra ta  are composed. 
I t  seemed probable also th a t th e  deposit was partly  
caused by tida l action, because a fragm ent of M elam 
pus myosotis (a litto ra l pulm onibrancli) was mixed 
w ith  deep-water and  oceanic Pectinibranchiates and 
Lam ellibranchiates. None of th e  shells were Miocene 
or of an  older period.

“ This rem arkable collection, of which no t m uch 
more th a n  one-half is known to conchologists, n o t
w ithstanding th e ir assiduous labours, teaches us how 
m uch rem ains to  be done before we can assume th a t 
th e  record of M arine Zoology is complete. L e t us 
compare th e  vast expanse of th e  sea-bed in the N orth  
A tlan tic  w ith  th a t sm all fringe of th e  coast on both 
sides of it  which has yet been partially  explored, and 
consider w ith  reference to the dredging last m en
tioned w hat are th e  prospects of our ever becoming 
acquainted with all the inhab itan ts  of th e  deep
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throughout the globe ! W e believe, however, th a t a 
thorough exam ination of th e  newer Tertiaries would 
m aterially assist us in the inquiry  ; and such exam i
nation is feasible and com paratively easy. M uch 
good work lias been done in  th is  line ; b u t although 
th e  researches of Brocchi, Bivona, C antraine, P h i
lippi, Calcara, Costa, A radas, B rugnone, Seguenza, 
and other able palieontologists in  th e  south of I ta ly  
have extended over more th a n  half a century, and 
are still energetically prosecuted, m any species of 
molluscous shells are continually being discovered 
there, and have never been published. Besides th e  
M ollusca in  th is  dredging from 994 fathom s, P ro 
fessor D uncan informs us th a t  there are two new 
genera of corals, and Flabellum distinctum , which last 
lie regards as identical w ith one from N orth  Japan . 
I t  coincides w ith  th e  discovery on th e  L usitan ian  
coasts of two Japanese species of a curious genus of 
Mollusca, Verticordia, both of which are fossil in 
Sicily and one of them  in  the Coralline Crag of 
Suffolk”

In  the same dredging th e re  are a num ber of very 
singular undescribed sponges, m any of them  recalling 
some of th e  m ost m arked characters of one of the 
sections of V entriculates. These will be referred to 
in a fu tu re chapter.

On Thursday, th e  21st of Ju ly , dredging was 
carried on all day a t  depths from GOO to  1095 fatliem s, 
lat. 39° 42' N., long. 9° 43' W ., w ith a bottom  tem pera
tu re  a t 1095 fathom s of 4°*3 C. and a t  740 fathom s 
of 9°*4 C. The dredging was most successful ; m any 
of th e  new and peculiar mollusca of th e  last dredging 
were taken here alive, w ith several additional forms.
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Several undescribed crustaceans were added ;— a new 
species of th e  genus Conocyathus am ong th e  corals, 
and a species of an  unknow n genus allied to B a th y 
cyathus. Brisinga endecacnemos and some new ophi
urida were p a r t of th e  treasures, b u t the greatest 
prize was a splendid Pentacrinus about a foot long, of 
which several specimens came up attached to  th e  ta n 
gles. This northern  Sea-lily, on which m y friend Mr. 
Gwyn Jeffreys has bestowed th e  nam e Pentacrinus 
wyville-thomsoni, w ill be described hereafter w ith  some 
other equally in teresting  members of th e  sam e group.

Cape Espichel was reached on th e  25th. The 
w eather was now, however, so rough th a t  C aptain 
Calver was obliged to  tak e  shelter in  Setubal Bay. 
Professor Barboza de Bocage of Lisbon had given 
M r. Gwyn Jeffreys a  le tte r of in troduction  to  th e  
coastguard officer a t  Setubal, who knew th e  place 
where th e  deep-sea shark and th e  Hyalonema  are 
taken  by th e  fishermen, b u t th e  sta te  of th e  w eather 
prevented his tak ing  advantage of it.

Off Cape Espichel in  740 and 718 fathom s, w ith  a 
tem perature  of 10o,2 C., th e  m ollusca were m uch the 
same as those from  S tation  16, b u t included Leda  
'pusio, Limopsis pygmœa  (Sicilian fossils), and  Verti
cordia acuticostata. The last-nam ed species is in 
teresting  in  a  geological as well as a  geographical 
po in t of view. I t  is fossil in  th e  Coralline Crag 
and the Sicilian Pliocene beds, and it now lives in  the 
Japanese archipelago. Mr. Jeffreys suggests a  mode 
of accounting for th e  com m unity of so m any species 
to  th e  eastern  borders of th e  A tlan tic  basin and the 
M editerranean, in  w hich several Japanese brachi
opoda and crustaceans are found, and the seas ol‘
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the A rctic Sea. W c  m ust know, however, much
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m ore th an  we yet do of th e  extension both  in  tim e 
and space of th e  fauna of deep w ater before we can 
come to  any certain  conclusion on these questions.

D redging across th e  entrance of th e  S tra it of G ib
ra lta r in  477, 651, and 554 fathom s, S tations 31, 32, 
and 33, w ith  a bottom  tem perature of 10°*3, 10°T, 
and  10°0 respectively, m any rem arkable forms were 
dredged, including a very elegant sponge, apparently  
allied to, if  no t identical w ith , Oscar Schm idt’s, 
Caminus vulcani, and some beautifu l forms of the 
Corallio-spongiæ, which w ill be noticed in  a fu tu re 
chapter. S tation No. 31 yielded a sponge form  
w hich recalled th e  branching heather-like Cladorhiza 
o f th e  cold area off Fæ roe. Chondrocladia virgata  
(Fig. 36) is a  graceful branching organism  from 
tw enty to  forty centim etres 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, attaches 
th e  sponge to  some foreign body, and supports it 
in  an  u p rig h t position ; and th e  same struc tu re  is 
continued as a solid axis in to  th e  m ain 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 to present a t  first sight a strong resem blance to 
th e  whisp of Hyalonema  ; b u t th e  strands are opaque, 
and break up under th e  poin t of a knife ; and under 
th e  microscope they  are found to consist of m inute 
needle-like spicules closely felted together. The soft 
sponge substance spreads over the surface of th e  axis 
and rises in to  long curving conical processes, towards 
the end of w hich there is a  dark greenish oval mass 
of g ranu lar sponge m atter, and th e  outline of the
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eone is continued beyond th is by a num ber of 
«•roups of needle-shaped spicules which surround a 
narrow  oscular opening. A ll parts of th e  sponge 
are loaded with triple-toothed ‘ b iham ate’ spicules 
of the sarcode.

On th e  5th  of A ugust th e  ‘ Porcupine ’ steamed into 
Tangier Bay, after ineffectually try ing  to  dredge in  
190 fathom s off Cape Spartel. I n  Tangier Bay two 
casts were taken  a t  a  depth of 35 fathoms. The 
fauna was chiefly B ritish, w ith  a few m ore southern 
forms.

On th e  6th of A ugust M r. Jeffreys went to  G ib
ra lta r, and there  yielded up th e  reins to D r. Car
penter, going on to  Sicily via  M alta, for the purpose 
of exam ining th e  newer te rtia ry  formations in  the 
south of I ta ly , and th e  collections of fossil shells at 
Catania, M essina, Palerm o, and Naples, in  connec
tion  w ith  th e  resu lts  of his cruise.

On M onday, th e  15th of A ugust, C aptain Calver, 
w ith Dr. C arpenter, who fortunately  retained the 
services of Mr. L indah l as assistant, in  charge of the 
science departm ent, steam ed ou t in to  th e  m iddle of 
th e  S tra it for th e  purpose of commencing a  series 
of observations on th e  curren ts of th e  S tra it of 
G ibraltar.

These experim ents, which a t  th e  tim e were not 
considered very satisfactory, were repeated and  ex
tended in  th e  sum m er of 1S71 by C aptain Nares, 
R .N ., and Dr. C arpenter, in  Ü .M .S. ‘ Shearwater.’ 
T heir curious resu lts  have been given in  g reat detail 
by Dr. C arpenter in th e  Proceedings of th e  Boyal 
Society of London, and  by C aptain  Nares in  a special 
report to  the A dm iralty . As it  is my purpose to
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confine myself a t present alm ost exclusively to  the 
description of the phenom ena of th e  deep w ater in  the 
A tlantic so far as these have heen worked ou t, I  
w ill not here repeat th e  narrative of th e  experim ents 
in  th e  S trait. I  will, however, give a  b rief sketch of 
Dr. Carpenter’s cruise in  th e  M editerranean, as the 
rem arkable phenom ena connected w ith th e  d istribu 
tion of tem perature and of anim al life w hich he 
observed, illu stra te  while they contrast w ith  the 
singularly different conditions w hich have been 
already described in  th e  outer ocean.

The first sounding in  th e  basin of th e  M editer
ranean was taken  on th e  16th of A ugust, la t. 36° 0 ' 
N ., long. 4° 40' W ., a t a depth of 586 fathom s, w ith  a 
bottom  of dark grey mud. The surface tem perature 
was 23°’6 C., and  th e  bottom  tem perature 12°8 C., 
about th ree degrees higher th a n  a t th e  same depth 
in  th e  ocean outside. A  serial sounding was taken  to 
determine th e  ra te  of the dim inution of tem perature, 
w ith  th e  following curious resu lt :—

S u r f a c e ................................................................... 23° • 6 C .
1 0  f a t h o m s  20  • 9
20  „   18 * G
30 „   17 * ñ
40 „  IG  • 7
T)0 „   15 • 6

100 „  1 2* 8
086 „   1 2 * 8

T hus th e  tem perature fell rapidly for th e  first 30 
fathoms, m ore slowly for the nex t 20, from 50 to  100 
lost only 3° C., and before reaching th e  depth of a 
hundred fathom s had a tta ined  its  m inim um  tem pera-
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tu re , there  being 110 fu rther dim inution to  the bottom. 
This serial sounding and all th e  subsequent tem pera
tu re  observations taken  during the M editerranean 
cruise showed th a t th e  trough  of th e  M editerranean 
from th e  depth of 100 fathom s downwards is filled 
with a  mass of water a t  alm ost exactly the same 
tem perature throughout, a tem perature a little  above 
or below 120,75C.

The following instances have been cited by D r. 
C arpenter from th e  earlier observations in  th e  Medi
terranean basin, to show th e  great uniform ity of the 
bottom  tem perature for a ll depths :—

NiiihIkt
of 

SI ul ion.

IH j.lh
in

Futlioius.

Huttoni
Tempera*

lure.

Surinée

tnro .
Position.

41 730 13” • 4  C. 23” • OC. Lat. 35° 57' N. Long. 4 °1 2 'W .
42 700 13 • 2 23 • 2 35 45 3 57
43 102 1 3 - 4 23 • 8 3 5  24 3 I • 30"
•14 455 13 - 0 21 * 0 35 42 20" 3 00 30"
4 5 207 1 2 - 4 22 • G 35 3 G 10" 2 29 30"
4 0 4 0 3 13 • 0 23 • 0 3 5  29 1 56
47 8 4 5 12 • G 21 • 0 37 25 30" 1 10 30"

A t th is  last Station (No. 17) a serial sounding was 
taken, which entirely  confirmed the results of the 
first (No. 10) :—

S u r f a c e ................................................................... 20” • 0 C.
10 f a t h o m s .......................................................15  • 2
2 0 ....... ..................................................................... 1 4 - 4
5 0  „  .......................................................1 3 - 8
4 0  „  .......................................................1 3 - 3

•r>0....... .....................................................................1 3 * 1
100  „  .......................................................12  - o
8 4 5  ......................................................1 2 * 0
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— again a mass of w ater ly ing a t  th e  bottom , 745 
fathom s—not fa r from a m ile—in  depth, a t  the 
uniform  tem perature of 12°*6 C. (54°*7 P.)

T h e  d r e d g e  w a s  s e n t  d o w n  a t  e a c h  s u c c e s s iv e  
s t a t i o n ,  b u t  w i t h  v e r y  p o o r  r e s u l t  ; a n d  D r .  C a r 
p e n t e r  w a s  d r i v e n  t o  t h e  c o n c l u s i o n  t h a t  t h e  b o t t o m  
o f  t h e  M e d i t e r r a n e a n  a t  d e p t h s  b e y o n d  a  f e w  h u n d r e d  
f a t h o m s  i s  n e a r l y  a z o ic .  T h e  c o n d i t i o n s  a r e  n o t  
a c t u a l l y  i n c o n s i s t e n t ,  w i t h  t h e  e x i s t e n c e  o f  a n i m a l  
l i f e ,  f o r  a t  m o s t  o f  t h e  s t a t i o n s  s o m e  f e w  l i v i n g  f o r m s  
w e r e  m e t  w i t h ,  b u t  t h e y  a r e  c e r t a i n l y  s i n g u l a r l y  u n 
f a v o u r a b l e .  T l i u s  a t  S t a t i o n  4 9 ,  a t  a  d e p t h  o f  1 4 1 2  
f a t h o m s ,  a n d  a  t e m p e r a t u r e  o f  12°*7 C . ,  t h e  f o l lo w in g  
s p e c ie s  o f  m o l l u s c a  w e r e  o b t a i n e d  : N u c u l a  q u a d r a t a , 
n .  s p .  ; N .  p u m i l a , A b s j ö r n s e n  ; L e d a ,  n .  sp . ; V e r t i 
c o r d ia  g r a n u l a t a ,  S e g .  ; H e i a  t e n e l la , J e f f r e y s ;  
T r o c h u s  g e m m u la tu s , P h . ;  R i s s o a  s u b s o lu ta , A r a d a s  ; 
N a t i c a  a f f in is , G m e l i n  ; T r o p h o n  m u l t i l a m e l lo s u s , 
P h .  ; N a s s a  p r i s m a t i c a , B r .  ; C o lu m b e lla  l ia l iœ t i , 
J e f f .  ; R u c c i n i u m  a c u t i c o s ta tu m ,  P h .  ; P l e u r o t o m a  
c a r i n a tu m , C r i s t o f o r i  a n d  J a n  ; P . t o r q u a tu m , P h . ;  
P. d e c u s s a tu m , P h .

N ear the A frican coast th e  fauna was m ore abun
dant, b u t th e  bottom  was so rough th a t i t  was unsafe 
to  use th e  dredge, and th e  tangles were usually  sent 
down alone. M any polyzoa, echinoderms, corals, and 
sponges were taken  in  th is way, b u t they were mostly 
well-known M editerranean species. A fter rem aining 
for a  few days a t  Tunis and visiting th e  ru ins of 
Carthage, dredging was resumed on th e  6 th  of 
September on th e  ‘ Adventure* B a n k , so called from 
its having been discovered by Adm iral Sm yth when 
surveying in  H.M .S. ‘ Adventure.* H ere, a t  depths'
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from SO to 2ñ0 fathom s, anim al lile was tolerably 
abundant. AVith o ther mollusca the following were 
found: — Trochus suturalis, P u . (Sicilian fossil); 
Xenophora crispa, Künuï (Sic. fossil) ; Cylichna 
striatula, Pouiucs (vSic. fossil); C. am iata, B r o c c h i  

(Sic. fossil) ; (¿adinia excentrica, T i b e r i  ; Scalaria 
frondosa, J .  SowKRBV (Sicilian and Coralline Crag 
fossil); Pyram idella  plicosa, B r o n x  (Sic. and Cor. 
Crag fossil) ; Actccon pusilla*, F o r b e s  (Sic. fossil). 
The Echinoderm ata were abundan t so far as indi
viduals went, b u t th e  num ber of species was small, 
and they  were nearly all well-known M editer
ranean forms. Cidaris papilla ta , L k s k e ,  showing 
many varieties, b u t differing in no specific character 
from the m any forms of the same species which 
range from N orth  Cape to Cape Spartel in the 
ocean outside. The M editerranean varieties of this 
species arc certainly Cidaris hystrix, of Lam arck. 
I  leei a degree of uncertain ty  abou t th e  p retty  
little  Cidaris, described by Philippi under the name 
of C. a fin  is. C haracteristic exam ples of it, which 
«are abundan t on the ‘A dventure ’ Panic and along 
the A frican coast, look very distinct. They arc of 
a beautiful deep rose red, the spines are banded 
w ith  red and brownish-vellow, and come*to a fine 
point, while those of C. papilla ta  are usually b lun t 
at the point, and frequently  even a  little  expanded 
or cupped ; and the portion of the intcram bu- 
lncral plates covered with m iliary granules is wider, 
and two delined rows of body spines nearly of equal 
size lie up against the bases of the prim ary  spines, 
over the alveola'. These would appear to be cha
racters of specific value, bu t then again there are
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a  mass of interm ediate form s; and although after 
careful consideration I  have described th e  two 
species as distinct, I  find i t  a m a tte r of g reat diffi
cu lty  to  draw  th e  line between them . Several 
specimens of a handsome Astrogonium  allied to 
A . granulare  were taken  on th e  ‘ A dventure * 
Bank. Professor D uncan reports some interesting 
corals, and Professor A llm an tw o new species of 
Aglaophenia  ; and D r. C arpenter detected once 
more th e  delicate Orbitolites tenuissimus, and the 
large nautilo id  l i tu o la , w ith  which he was fam iliar 
in  th e  dredgings in  th e  A tlantic.

A fter a  short stay  a t M alta, on Septem ber 20th the 
‘ Porcupine ’ steamed out of V aletta  H arbour, and 
steered in  a  north-easterly  direction, tow ards a poin t 
seventy miles d istan t, a t w hich a depth  of 1700 
fathom s was m arked on the chart. This was reached 
early  th e  nex t m orning, and  th e  line ran  o u t 1713 
fathom s, lat. 36° 31' 30" N., long. 15° 46 '30" (No. 60), 
w ith  a tem perature of 130,4 C., m ore th a n  h a lf a 
degree higher than  th e  tem perature of th e  deepest 
sounding in  th e  w estern basin. The tube of the 
sounding apparatus brought up a  sample of yellow 
clay, so like th e  bottom  a t  some of th e  m ost unpro
ductive spots in the western M editerranean, th a t 
i t  was no t considered advisable to  delay th e  tim e 
necessary for even a  single cast of th e  dredge, which 
at th a t depth would have occupied nearly  a  day. 
H aving  th u s  satisfied themselves as far as they 
could by a  few observations th a t th e  physical con
ditions of th e  eastern basin of the M editerranean 
were sim ilar to  those of the western, they  steered for 
th e  coast of Sicily. Q uietly along th e  Sicilian coast
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during  th e  n igh t, in  early  m orning through the 
narrow est p a r t of th e  S tra it between M essina and 
lteggio , past Charybdis and th e  castled rock of Scylla, 
and so ou t of th e  ‘ F a ro ’ in to  th e  open sea to  the 
no rth  of Sicily, studded w ith th e  Iii pari Islands. 
A  tem perature sounding taken near Stromboli, lat. 
38° 2G' 30" N ., long. 15° 32' E., gave a  depth  of 730 
fathom s, and a  bottom  tem perature of 13°*1 C., while 
the tem perature of th e  surface was 22°-5 C.

U nder th e  rugged eone of Strom boli th e  dredgers 
took another set of tem peratures, w ith  th e  resu lt com
mon to  th e  whole volcanic neighbourhood of Sicily, 
of a  tem perature slightly  h igher th a n  th a t  of th e  deep 
w ater in  th e  western basin of th e  M editerranean, a 
phenom enon of which i t  would take  long and careful 
observation to  determ ine th e  cause ; and while doing 
so they  pondered on th e  cloud of smoke hanging  over 
th e  peak, so suggestive of th e  th ea tre  of subterranean 
change beneath, and adm ired th e  industry  and en ter
prise of those who, rendered contem ptuous by the 
fam iliarity of ages, carried th e ir vineyards “  all over 
th e  eone, save on two sides, looking north-w est and 
south-east, over one or o ther of w hich there  is a  con
tin u a l discharge of dust and ashes.”

Their course was now laid  stra igh t for Cape de 
Gat, w hich they passed on th e  27tli of September, 
arriv ing  a t  G ib ra ltar on th e  28th. A t G ibraltar, 
D r. C arpenter resum ed his observations and experi
m ents on th e  curren ts of th e  S trait. These obser
vations were continued u n til th e  2nd of October, 
when it became necessary for C aptain  Calver to  re
tu rn  homewards. The coast of Portugal was repassed 
in fine w eather, th e  tim e a t  th e ir disposal not allow-
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iug  any fu rth er use of th e  dredge in  th e  deep water, 
and after encountering a  fresh breeze in  th e  chops of 
th e  Channel, on th e  evening of October the 8tli, th e  
‘ Porcupine ’ anchored a t  Cowes.

L I L L E  U l  MON.
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A P P E N D IX  A.

E xtract*  f ro m  the  M in u te s  o f  C ouncil o f  the  R o y a l  Soc ie ty , a n d  
o ther O fic ia l  D o cu m en ts  r e fe r r in g  to th e  C ru ise  o f  H .M .S .  
4 P o rcu p in e  ' d u r in g  the  S u m m e r  o f  1 8 7 0  :—

M arch  24, 1870.

A  L e t te r  w a s  r e a d  fro m  D r. C a rp e n te r ,  a d d re s s e d  to  th e  
P re s id e n t ,  s u g g e s tin g  t h a t  a n  E x p lo ra t io n  o f  t h e  D e e p  S ea , su ch  
a s  w a s  c a r r ie d  o u t  d u r in g  18G 8 a n d  1 8 6 9  in  t h e  re g io n s  to  th e  
N o r th  o f  t h e  B r i t i s h  I s la n d s , sh o u ld  n o w  b e  e x te n d e d  to  th e  
S o u th  o f  E u ro p e  a n d  th e  M e d ite r r a n e a n , a n d  t h a t  t h e  C o u n c il  
o f  th e  R o y a l S o c ie ty  sh o u ld  re c o m m e n d  s u c h  a n  u n d e r ta k in g  to  
th e  fa v o u ra b le  c o n s id e ra tio n  o f  th e  A d m ira l ty ,  w ith  a  v ie w  to  
o b ta in  th e  a s s is ta n c e  o f H e r  M a je s ty ’s  G o v e rn m e n t a s  o n  th e  
p re v io u s  o ccasions.

R e so lv e d ,— T h a t  a  C o m m itte e , c o n s is t in g  o f  th e  P re s id e n t  
a n d  O fficers, w i th  th e  H y d ro g m p h c r , M r. G w y n  Je f fre y s , 
M r. S ie m e n s , P ro fe sso r  T y n d a ll ,  a n d  D r .  C a rp e n te r ,  w ith  
p o w e r  to  a d d  to  t h e i r  n u m b e r , b e  a p p o in te d ,  to  c o n s id e r  
th e  e x p e d ie n c y  o f  a d o p tin g  th e  p ro p o sa l o f  D r. C a rp e n te r ,  
a n d  th e  p la n  to  be  fo llo w ed  in  c a r ry in g  i t  o u t, a s  w e ll 
a s  th e  in s t ru m e n ts  a n d  o th e r  a p p lia n c e s  t h a t  w o u ld  be  
re q u ire d , a n d  to  r e p o r t  t h e i r  o p in io n  th e re o n  to  th e  
C o u n c i l  ; b u t  w i th  p o w e r  p re v io u s ly  to  c o m m u n ic a te  to  th e  
A d m ira l ty  a  d r a f t  o f  s u c h  r e p o r t  a s  th e y  m a y  a g re e  upo n , 
i f  i t  s h a l l  a p p e a r  to  th e m  e x p e d ie n t  to  d o  so  in  o rd e r  to  
sav e  tim e .

A  ¡ n ii  28, 1870.

R e a d  th e  fo llo w in g  R e p o r t  :—

“ T h e  C o m m itte e  a p p o in te d  on  th e  2 4 th  o f  M a rc h  to  c o n sid e r 
a  p ro p o sa l fo r a  f u r th e r  E x p lo ra t io n  o f  th e  D e e p  S ea  d u r in g  th e
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e n s u in g  su m m e r, u s  w e ll a s  th e  s c ie n tif ic  p re p a ra t io n s  w h ic h  
w o u ld  be  re q u ire d  fo r a  n e w  e x p e d it io n , b eg  le a v e  to  r e p o r t  a s  
fo llo w s :—

“ T h e  g e n e r a l  c o u rse  p ro p o se d  to  h e  fo llow ed , a n d  th e  c h ie f  
o b je c ts  e x p e c te d  to  be  a t ta in e d  in  a  n e w  e x p e d it io n , a re  p o in te d  
o u t  in  t h e  fo llo w in g  e x t r a c t  from  th e  l e t t e r  o f  D r .  C a rp e n te r , 
re a d  to  th e  C o u n c il o n  th e  2 4 th  u l t . ,  w h ic h  w a s  re fe r re d  to  th e  
C o m m itte e  :—

“  * T h e  p la n  w h ic h  h a s  b e e n  m a rk e d  o u t  b e tw e e n  m y  co lleag u es  
in  l a s t  y e a r ’s  w o rk  a n d  m y s e lf  is  a s  fo llo w s :—

“ ‘ H a v in g  re a so n  to  h o p e  th a t  th e  “ P o rc u p in e  ” m a y  b e  s p a re d  
to w a rd s  t h e  e n d  o f  J u n e ,  w e p ro p o se  t h a t  sh e  s h o u ld  s ta r t  e a r ly  
in  J u ly ,  a n d  p ro c e ed  in  a  S .W . d ire c t io n  to w a rd s  th e  fu r th e s t  
p o in t  to  w h ic h  o u r  s u rv e y  w a s  c a r r ie d  l a s t  y e a r ;  c a re fu lly  
e x p lo r in g  th e  b o tto m  in  d e p th s  o f  4 0 0  to  8 0 0  fa th o m s , on  
w h ic h , a s  e x p e r ie n c e  h a s  sh o w n  u s , th e  m o s t  in te r e s t in g  co llec 
t io n s  a re  to  be  m a d e ;  b u t  a lso  o b ta in in g  a  few  c a s ts  o f  th e  
D re d g e  w ith  T e m p e ra tu re -so u n d in g s  a t  g re a te r  d e p th s , a s  o p p o r
tu n i t ie s  m a y  occur.

“ ‘ T h e  c o u rse  s h o u ld  th e n  b e  n e a r ly  d u e  S o u th , in  a  d ire c tio n  
o f  g e n e ra l  p a ra l le l is m  w ith  th e  c o a s t o f  F ra n c e , S p a in , a n d  
P o r tu g a l , k e e p in g  g e n e ra lly  w i th in  th e  d e p th s  j u s t  m e n tio n e d , 
b u t  o c ca s io n a lly  s t r e tc h in g  w e s tw a rd s  in to  y e t  d e e p e r  w a ters . 
F ro m  w h a t h a s  b e en  a lre a d y  d o n e  in  a b o u t  4 0 0  fa th o m s ’ w a te r  
o ff  th e  c o a s t o f  P o r tu g a l ,  th e re  is  n o  d o u b t t h a t  th e  g ro u n d  is  
th e re  e x c e e d in g ly  rich . W h e n  a p p ro a c h in g  th e  S t r a i t s  o f 
G ib ra l ta r ,  t h e  su rv e y , b o th  P h y s ic a l  a n d  Z oo log ica l, s h o u ld  be 
c a r r ie d  o u t  w ith  g re a t  c a re  a n d  m in u te n e ss  ; in  o rd e r  t h a t  th e  
im p o r ta n t  p ro b lem  as  to  th e  c u r re n ts  b e tw e e n  th e  M e d ite r ra n e a n  
a n d  A t la n t ic  S eas, a n d  th e  re la tio n  o f  t h e  M e d ite r ra n e a n  F a u n a  
to  t h a t  o f  th e  A t la n t ic  (on  w h ic h  M r. G w y n  J e f f re y s  is  o f  
o p in io n  th a t  th e  re s u l ts  o f  o u r  l a s t  y e a r ’s  w o rk  th ro w  a n  e n tir e ly  
n e w  l ig h t) ,  m a y  b e  c lea re d  up.

“  ‘ M r. G w y n  J e f f re y s  is  p re p a re d  to  u n d e r ta k e  th e  sc ie n tif ic  
c h a rg e  o f  th i s  p a r t  o f  th e  e x p e d it io n  ; a n d  i f  P ro fe sso r W y v ille  
T h o m so n  sh o u ld  n o t be  a b le  to  a c c o m p a n y  h im , i t  w ill n o t  be  
d iff ic u lt to  find  h im  a  s u i ta b le  a s s is ta n t.

“ ‘ T h e  s h ip  w o u ld  p ro b a b ly  reach  G ib ra l ta r  e a r ly  in A u g u st,



c u  A P .  I V . ]  T U E  C liU ISE S  O F T U E  *PO RC U PIN EV  1 9 9

a n d  th e re  I  s h o u ld  be  m y s e lf  p re p a re d  to  jo in  h e r ,  i n  p la c e  of 
M r. Je f fre y s , w ith  o n e  o f  m y  so n s  as  a n  a s s is ta n t . W e  sh o u ld  
p ro p o se  f irs t to  c o m p le te  th e  s u rv e y  o f  t h e  S t r a i t s  o f  G ib ra l ta r ,  
i f  t h a t  s h o u ld  n o t  h a v e  b e e n  fu l ly  a c c o m p lish e d  p r e v io u s ly ;  a n d  
th e n  to  p ro c e e d  e a s tw a rd s  a lo n g  th e  M e d ite r ra n e a n , m a k in g  
s tre tc h e s  b e tw e e n  th e  c o as ts  o f  E u ro p e  a n d  A fr ic a , so  a s  to  c a r ry  
o u t  as  c o m p le te  a  su rv e y , P h y s ic a l  a n d  Z o o lo g ica l, o f  t h a t  p a r t  
o f  th e  M e d ite r ra n e a n  b a s in  a s  t im e  m a y  p e rm it .  M a l ta  w o u ld  
p ro b a b ly  b e  o u r  e x tre m e  p o in t  ; a n d  th i s  w e sh o u ld  re c k o n  to  
re a c h  a b o u t  t h e  m id d le  o f  S e p te m b e r.

“  ‘ I t  is  w e ll k n o w n  t h a t  th e r e  a re  q u e s tio n s  o f  g re a t  G e o lo 
g ic a l in te r e s t  c o n n e c te d  w ith  t h e  p re s e n t  d is t r ib u t io n  o f  A n im a l 
life  in  th i s  a r e a ;  a n d  w e  h a v e  g r e a t  re a so n  to  b e lie v e  t h a t  w e 
s h a l l  h e re  fin d  a t  c o n s id e ra b le  d e p th s  a  la rg e  n u m b e r  o f  T e r t ia ry  
sp ec ie s  w h ic h  h a v e  b e e n  su p p o se d  to  b e  e x t in c t .  A n d  i n  re g a rd  
to  th e  P h y s ic s  o f  th e  M e d ite r ra n e a n , i t  a p p e a rs , f ro m  a l l  t h a t  
w e  h a v e  b e en  a b le  to  le a rn , t h a t  v e r y  l i t t l e  i s  c e r ta in ly  k n o w n . 
T h e  T e m p e ra tu re  a n d  D e n s i ty  o f  t h e  w a te r , a t  d if fe re n t d e p th s , 
in  a  b a s in  so  r e m a rk a b ly  c u t  o ff  f ro m  th e  g re a t  o c ea n , a n d  
h a v in g  a  c o n t in u a l  in f lu x  fro m  i t ,  fo rm  a  m o s t  in te r e s t in g  s u b 
je c t  o f  in q u ir y ,  to  w h ic h  w e  s h a l l  b e  g la d  to  g iv e  o u r  b e s t  
a t te n t io n ,  i f  t h e  m e a n s  a re  p la c e d  w i th in  o u r  re a c h .'

“  C o n s id e rin g  th e  su ccess  o f  th e  tw o  p re v io u s  E x p e d itio n s , a n d  
e sp e c ia lly  t h a t  o f  t h e  ‘ P o rc u p in e  '  la s t  y e a r , th e  C o m m itte e  a re  
p e rs u a d e d  th a t  n o  le s s  im p o r ta n t  a c q u is i t io n s  fo r  th e  f u r th e ra n c e  
o f  s c ie n tif ic  k n o w le d g e  w o u ld  b e  g a in e d  b y  th e  re n e w e d  e x p lo ra 
t io n  a s  n o w  p ro p o se d  ; a n d  th e y  a c c o rd in g ly  re c o m m e n d  t h a t  a  
r e p re s e n ta t io n  to  t h a t  e ffe c t b e  m a d e  to  th e  A d m ira l ty ,  w ith  a  
v iew  to  o b ta in  t h e  a id  o f  H e r  M a je s ty ’s  G o v e rn m e n t a s  o n  th e  
p re v io u s  occasions.

“ T h e  C o m m itte e  a p p ro v e  o f  a  p ro p o sa l m a d e  b y  M r. G w y n  
.Jeffreys to  a c c e p t th e  s e rv ic e s  o f  M r. L in d a h l ,  o f  L u n d , in  th e  
e x p e d it io n  a s  u n p a id  A s s is ta n t  N a tu ra l is t .

“ A s  re g a rd s  sc ie n tif ic  in s t ru m e n ts ,  t h e  C o m m itte e  h a v e  to  
r e p o r t  t h a t  th o s e  e m p lo y e d  in  l a s t  y e a r ’s  v o y a g e  w ill  b e  
a g a in  a v a ila b le  fo r  u s e ;  a n d  M r. S ie m e n s  h o p e s  to  r e n d e r  
h is  e le c tro - th e rm a l in d ic a to r  o f  m o re  e a s y  e m p lo y m e n t on  
sh ip -b o a rd .
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“ T h e  C o m m itte e , h a v in g  le a r n e d  t h a t  D r. F r a n k la n d  h a s  co n 
t r iv e d  a n  a p p a r a tu s  fo r  b r in g in g  u p  th e  d e ep -se a  w a te r  c h a rg e d  
w ith  i t s  g a se o u s  c o n te n ts , h a v e  re so lv e d  to  a d d  h is  n a m e  to  
t h e i r  n u m b e r  ; a n d  th e y  re q u e s t  le a v e  to  m e e t  a g a in  in  o rd e r  
to  c o m p le te  th e  a rra n g e m e n ts  an d  m a k e  a  f in a l r e p o r t  to  th e  

C o u n c il.”

R eso lv ed ,— T h a t  th e  R e p o r t  n o w  re a d  be  re c e iv e d  a n d  a d o p ted , 
a n d  t h a t  th e  C o m m itte e  b e  re q u e s te d  to  c o n tin u e  th e i r  
m e e tin g s  a n d  re p o r t  a g a in  o n  th e  a r ra n g e m e n ts  w h e n  fin a lly  
d e c id e d  on.

R eso lv ed ,— T h a t  th e  fo llo w in g  d ra f t  o f  a  L e t te r  to  be 
ad d re ssed  to  th e  S e c re ta ry  o f  th e  A d m ira l ty  be  a p p ro v e d , 
v iz . :—

««Sir ,— I  a m  d ire c te d  b y  th e  P re s id e u t  a n d  C o u n c il o f  th e  
R o y a l S o c ie ty  to  a c q u a iu t  y o u , fo r  th e  in fo rm a tio n  o f  th e  
L o rd s  C o m m iss io n e rs  o f  th e  A d m ir a l ty ,  th a t ,  c o n s id e rin g  th e -  
im p o r ta n t  s c ie n tif ic  re s u l ts  o f  t h e  P h y s ic a l  a n d  Z o o lo g ica l 
E x p lo ra t io n  o f  th e  D e e p  S e a  c a r r ie d  o n  in  1 8 6 8  a n d  1 8 6 9  
th ro u g h  th e  a id  o f  H e r  M a je s ty ’s  G o v e rn m e n t, th e y  d e e m  i t  
h ig h ly  d e s ira b le  t h a t  t h e  in v e s t ig a t io n  sh o u ld  b e  re n e w e d  d u r in g  
th e  e n su in g  su m m e r, a n d  e x te n d e d  o v e r a  n e w  a re a .

“ T h e  c o u rse  w h ic h  i t  w o u ld  b e  pvoposed  to  fo llo w  in  a  n ew  
E x p e d itio n , th e  p r in c ip a l  o b je c ts  to  b e  a tta in e d , a n d  th e  g e n e ra l 
p la n  o f  o p e ra tio n s , a re  s k e tc h e d  o u t  in  th e  en c lo sed  e x t r a c t  from  
R L e t te r  a d d re sse d  lo  th e  P re s id e n t  b y  D r. C a rp e n te r , a n d  h a v e  
in  a ll  p o in ts  b e e n  a p p ro v e d  b y  th e  C ouncil.

“ T h e  P r e s id e n t  a n d  C o u n c il w o u ld  th e re fo re  e a rn e s t ly  re c o m 
m e n d  s u c h  a n  u n d e r ta k in g  to  t h e  fa v o u ra b le  c o n s id e ra tio n  
o f  M y  L o rd s , w ith  th e  v iew  o f o b ta in in g  th e  a s s is ta n c e  o f 
H e r  M a je s ty ’s  G o v e rn m e n t so l ib e ra lly  acco rd ed  a n d  e ffec tiv e ly  
re n d e re d  on  th e  p re v io u s  occasions.

" T h e  sc ie n tif ic  c o n d u c t o f th e  e x p e d it io n  w o u ld , a s  in  th e  
l a s t  y e a r , b e  sh a re d  b y  D r. C a rp e n te r , P ro fe sso r  W y  v ille  T h o m so n , 
p ro v id e d  th a t  g e n tle m a n  is  a b le  to  u n d e r ta k e  th e  d u ty ,  a n d  M r. 
G w y n  Je f fre y s . I t  is  a lso  p ro p o se d  th a t  M r. L in d a h l, a  y o u n g  
S w e d ish  g e n tle m a n  a c c u s to m e d  to  m a rin e  re sea rch es , sh o u ld  
a cc o m p a n y  th e  e x p e d it io n  as  A ss is ta n t N a tu ra l is t .
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“ I  h a v e  to  iulil th a t  w h a te v e r  a p p e r ta in s  to  th e  s tr ic tly  
S cien tific  e q u ip m e n t o f  th e  E x p e d itio n  w ill, a s  fo rm erly , b e  a t  
th e  ch a rg e  o f th e  K oyal Society.

11 W .  S h a u p e v ,  S e c r e ta r y .”

A  su m  o f £ 1 0 0  from  th e  G o v e rn m e n t G ra n t w as assigned  
fo r th e  S c ien tific  p u rp o ses  o f th e  E x p ed itio n .

M a y  19, 1870.

H ead  th e  fo llow ing  L e tte r  from  th e  A d m ira lty  :—

“ A d m i r a l t y ,  10tli May, 1870.

“ S ir ,— H a v in g  la id  before M y  L o rd s  C om m issioners o f th e  
A d m ira lty  y o u r  le t te r  o f  th e  2 n d  in s t., req u es tin g  th a t  fu r th e r  
re sea rch es  m ay  b e  m ad e  o f  th e  d eep  sea, I  am  com m anded  b y  
th e ir  L o rd sh ip s  to  a c q u a in t y o u  th a t  th e y  w ill sp a re  H e r  
M a je s ty ’s S team -v esse l ' F o rcu p in e  '  fo r th is  serv ice, an d  th a t  th e  
T re a su ry  h a v e  b een  req u ested , a s  o n  th e  fo rm er occasion, to  
d e fra y  th e  ex p en se  o f th e  m essing  o f th e  sc ien tific  g en tlem eu  
com posing  th e  E x p e d itio n .

“ I  am , S ir,
“ Y o u r o b ed ie n t S erv an t,

“  V e r n o n  L u s h ix g t o n . ”
“ 7o II'. Sharpii/, A»/., .1/.A ,

‘ ‘ Secretary o f the Royal Society, Burlington House."
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APPENDIX B.

P a r tic u la r s  o f  D epths, Tem pera ture , a n d  P o sitio n  a t the  va rio u s  
D rcdging-sta tions o f  H .M .S .  *P o rc u p in e  * i n  the  S u m m e r  
o f  1 8 7 0 :—

1
'Num ber D epth in 

of S tation. Fathoms.
Bottom

Temperature.
Surfneo

Tomporature.
.

Position.

1 567 48° 38' N. 10° 15' W.
2 305 14° 8 C.- 16° 2  C. 48 37 10 9
3 690 48 31 10 3
4 717 7 5 16 3 48 32 9 59
5 100 10 7 16 8 48 29 9 45
6 358 10 0 16 9 48 26 9 4 4
7 93 10 6 16 2 48 18 9 11
8 257 9 9 15 9 48 13 9 11
9 539 8 9 17 8 48 6 9 18

10 81 11 9 16 4 42 4 4 9 23
11 332 10 2 16 1 42 32 9 24
12 128 11 3 16 3 42 20 9 17
13 220 • 11 0 18 1 40 16 9 37
14 469 10 8 18 4 40 6 9 44
15 722 9 8 20 0 40 2 9 49
16 994 4 5 21 0 39 55 9 56
17 1095 4 3 19 8 39 42 9 43
18 1065 4 5 18 2 39 29 9 44
19 248 11 0 18 1 39 27 9 39
20 965 39 25 9 45
21 620 10 2 19 5 38 19 9 30
22 718 10 7 19 1 38 15 9 33
23 802 9 0 1 9 0 37 20 9 30
24 292 11 5 19 6 37 19 9 13
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N u in lK ir  
orsini loii.

Depth in 
F n ll io i i in .

N o t to n i
Tumpernturc.

Hurfni'o
Tompomturo. Position.

25 374

-----

11° 9 C. 20° 9 C. 37e 1 1 ' N. 9° 7 'W
26 364 11 5 22 0 36 44 8 8
27 322 10 6 22 7 36 37 7 33
28 304 11 7 21 8 36 29 7 16
28f? 286 36 27 6 54
29 227 12 9 22 8 36 20 6 47
30 386 11 7 22 6 36 15 6 52
31 477 10 3 21 7 35 56 7 6
32 651 10 1 21 8 35 41 7 8
33 554 10 0 22 4 35 32 6 54
34 414 10 1 21 8 35 44 6 53
35 335 10 9 23 2 35 39 6 38
36 128 12 9 23 8 35 35 6 26
37 190 11 8 22 0 35 50 6 0
38 503 11 8 22 0 35 58 5 26
39 517 13 3 21 0 35 59 5 27
40 586 13 4 23 6 36 0 4 40
41 730 13 4 23 6 35 57 4 12
42 790 13 2 23 2 35 45 3 57
43 162 13 4 23 8 35 24 3 54
44 455 13 0 21 0 35 42 3 0
45 207 12 4 22 6 35 36 2 29
46 493 13 0 23 0 35 39 1 56
47 845 12 6 21 0 37 25 1 10
48 1328 12 8 23 0 37 10 0 31
49 1412 12 7 . 22 0 36 29 0 31
50 51 — 36 14 0 17 E.
50a 152 36 18 0 24
51 1415 12 7 24 0 36 55 1 10
52 660 36 38 1 38
52<z 590 — 36 36 1 38
53 112 13 0 25 0 36 53 5 55
54 1508 13 0 24 4 37 41 6 27
55 1456 12 •8 24 8 37 29 6 31
56 390 13 6 25 0 37 3 11 37
57 224 — 37 6 13 10
58 266 13 6 24 1 36 43 13 36
59 4 4 5 13 6 24 6 36 32 14 12
60 1743 13 4 23 3 36 31 15 46
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Number 
o í Btatioa.

Denth In
Fathoms,

Bottom
Temperature.

Surfhco
Tomporoluro. Position.

61 392 1 3 ° -1  C. 22°- 5 C. 38° 2 6 ' N . 1 5 ° 3 2 'E .
62 730 • 1 3 - 0 2 2  ■ 5 38  38 15 21
63 181 1 2 - 4 20 • 2 36  1 5 26  W .
64 460 1 2 - 4 18 • 8 35  58 6 28
66 198 12  • 1 1 7 - 3 35 50 5 57
66 147 ---- — 35  66 5 57
67 188 1 2 - 8 22  • 9 35  49 6 21



CHAPTER Y

D E E P - S E A  S O U N D I N G .

T he ord inary  Sounding-lead  fo r m oderate D epths. —  Liable to  E rro r 
when  em ployed in  D eep W ater. —  E arly  D eep  Soundiogs un 
reliable.— Im proved  M ethods o f S ound ing .— T h e  C up-lead.—  
B rooke’s S ounding  In s tru m e n t.— T he * Bull-dog * ; F itzgerald ’s  ; 
th e  ‘ H ydra .’— Sounding from the  ‘ Porcupine.’— T h e  C ontour 
o f th e  Bed o f  th e  N o rth  A tlantic.

I n all deep-sea investigations i t  is of course of the 
first im portance to  have a  m eans of determ ining the 
depth to th e  la s t degree of accuracy, and th is is not 
so easy a m a tte r  as m igh t be a t  first supposed. 
D epth is alm ost invariably  ascertained by some 
modification of th e  process of sounding. A  w eight 
is attached to  th e  end of a line graduated  by attached 
slips of different coloured bun tine  (the woollen m ate
ria l of w hich flags are made, in  which th e  colours are 
particu larly  b rig h t and  fast) in to  fathom s, tens of 
fathom s, and hundreds of fathom s ; or, for deep-sea 
work, w ith  w hite bun tine  a t  every 50, black leather 
a t  every 100, and red bun tine  a t  every 1,000 fathom s. 
The w eight is ru n  down as rapidly  as possible, and 
the num ber of fathom s ou t w hen th e  lead touches 
th e  bottom  gives a m ore or less close approxim ation 
to the depth.
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The ordinary deep-sea lead is a  prism atic leaden 
block about two feet in  leng th  and  80 to  120 lbs. in 
w eight, narrow ing som ewhat tow ards th e  upper end, 
where i t  is furnished w ith  a s to u t iron ring . Before 
heaving, th e  lead is ‘ arm ed,’ th a t  is to  say th e  lower 
end, which is slightly  cupped, is covered w ith  a  th ick  
coating of soft tallow . I f  th e  lead  reach th e  bottom  
i t  brings up  evidence of its  having done so in  a 
sample sticking to th e  tallow . U sually  there  is 
enough to  indicate roughly th e  n a tu re  of th e  ground, 
and  i t  is on th e  evidence of sam ples th u s  brought 
up on th e  ‘ arm ing  ’ of th e  lead th a t  our charts note 
c m ud,’ ‘ shells,’ * gravei,’ ‘ ooze,’ or * sand ,’ or a  com
bination of these, as th e  k ind  of bottom  a t  the 
particu lar sounding ; th u s  we have w2b£0b., m ud, shells, 
and sand a t  2,000 fathom s ; 02¿ ° s ? . ,  ooze and  stones a t 
2,050 fa thom s; m ud, sand, shells, an d  scoriæ
a t 2,200 fathom s, and so on.

W hen no bottom  is found, th a t  is to  say, when 
there  is no a rres t to  th e  run n in g  ou t of th e  line 
and  noth ing  on th e  ‘a rm in g ’ of th e  lead, th e  sounding 
is entered on th e  ch art thus, 3-~ , no bottom  a t  3,200 
fathom s. Such soundings are n o t to  be depended 
upon  in  deep w ater, b u t they  are usually  quite  
reliable for m oderate depths, so far as they  go. They 
give us no help in  th e  exploration of th e  bottom  of 
th e  sea, b u t they  are of g rea t p ractical value, and 
indeed they  give all th e  inform ation w hich is directly 
required for th e  purposes of navigation ; for if  there  
be ‘ no bo ttom ’ a t 200 fathom s, there is probably no 
dangerous shoal in th e  im m ediate neighbourhood.

Soundings are usually taken  from  th e  vessel, and 
while there is some way on. W here g reat accuracy
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is required, as in coast-surveying, it  is necessary to 
sound lrom  a boat, which can be kept in  position by 
th e  oars and reference to  some fixed objects on shore.

This ordinary system of sounding answers perfectly 
well for com paratively shallow w ater, b u t it  breaks 
down for depths m uch over 1,000 fathom s. The 
w eight is no t sufficient to  carry  th e  line rapidly and 
vertically  to  th e  bottom  ; and  if  a  heavier w eight be 
used, ordinary  sounding line is unable to  draw up  its 
own w eight along w ith  th a t  of the lead from great 
depths, and  gives way. N o im pulse is fe lt w hen the 
lead reaches th e  bottom , and th e  line goes on running  
out, and if  any a ttem p t be made to  stop i t  it  breaks. 
I n  some cases b igh ts of th e  line seem to be carried 
alona: bv subm arine currents, and in others it  is 
found th a t th e  line has been ru nn ing  ou t by its  own 
w eight only, and  coiling itse lf in  a tangled mass 
directly over th e  lead. A ll these sources of error 
v itiate very deep soundings. I n  m any of th e  older 
observations m ade by officers of our own navy and 
of th a t of th e  U nited  States, th e  depth returned 
for m any points in th e  A tlan tic  we now know to 
have been greatly  exaggerated ; th u s  L ieutenant 
W alsh, of th e  U.S. schooner ‘ Taney,’ reported a cast 
w ith th e  deep-sea lead a t  31,000 feet w ithout 
bottom  ; 1 L ieu tenan t Berrym an, of th e  U .S. brig  
‘D olphin,’ a ttem pted  unsuccessfully to  sound m id
ocean w ith a line 39,000 feet long ; 2 Captain 
Denham, of II.M .S . ‘ I le ra ld ,’ reported bottom  in  the

1 M au ry ’s S a il in g  D irec t ions ,  5 t h  ed ition , p. 105, a n d  Oth edition

(ls.,-1), p. 2 1 3 .
- M aury , P h y s ic a l  G eography  o f  th e  Sea. E le v e n th  edition, 

p. 30'.).
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South A tlan tic  a t a  depth of 4-0,000 feet ; 1 and 
L ieu tenan t Parker, of the U .S. frigate ‘ Congress,’ ran 
o u t a line 50,000 feet w ithout reaching th e  bottom .,J 
In  these cases, however, th e  chances of error were 
too num erous; and in  th e  la s t chart of th e  N orth  
A tlan tic , published on th e  au thority  of Rear-A dm iral 
R ichards in  Nov. 1870, no soundings are entered 
beyond 4,000 fathom s, and very few beyond 3,000.

A  great im provem ent in  deep-sea sounding, first 
introduced in  th e  U nited States navy, was th e  use 
of a heavy w eight and a fine line. The weight, a 
32 or 68 lb. shot, is rapidly ru n  down from  a  boat ; 
and when i t  is supposed to  have reached th e  bottom , 
which is usually indicated w ith  tolerable certa in ty  by 
a  sudden change in  th e  ra te  of ru n n in g  ou t of the 
line, th e  line is cu t a t  th e  surface, and th e  depth 
calculated by th e  leng th  of line left on th e  reel.

As th e  g rea t problem s of physical geography, the 
strength  and direction of currents, and  th e  general 
conditions of th e  bottom  of th e  sea began to  acquire 
m ore general interest, th e  particles b rough t up on th e  
‘ arm ing ’ of th e  lead from great depths were eagerly 
sought for and scrutinized ; i t  th u s  became im portan t 
th a t  a greater quan tity  should be procured, enough 
a t  a ll events for th e  purposes of chem ical and m icro
scopical exam ination. M any instrum ents have been 
contrived from  tim e to  tim e for th is purpose, and  a 
vast am ount of inform ation has been gained by th e ir 
use. I t  has now been shown th a t dredging on a large 
scale is possible a t  all depths, b u t dredging can only 
be performed under specially favourable circum 
stances, and requires a vessel specially fitted  a t  con- 

1 Loc. cit. 2 Loc. cit.
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siderable expense. AVe m ust still, therefore, depend 
m ainly upon some form  of sounding apparatus for 
the gradual accum ulation of observations which will 
give us in  tim e a  consistent idea of the n a tu re  of 
th e  bottom  of the sea throughout. A simple in stru 
m ent w hich w ill bring up  a surface sample of a 
pound or so, from a depth of 2,000 fathom s, w ith
out much trouble and w ith some certainty, is still a 
desideratum.

I n  th e  year 1818, S ir Jo h n  Ross, in command of 
II.M .S. ‘ Isabella ,’ on a voyage of discovery for the 
purpose of exploring Baffin’s Bay, invented a m achine 
“ for tak in g  up soundings from th e  bottom  of any 
fathom able depth ,” which lie called a 4 deep-sea 
clanim .’ A  large pair of forceps were kept asunder 
by a bolt, and th e  in strum ent was so contrived th a t 
on the bo lt s trik ing  th e  ground, a heavy iron  weight 
slipped down a spindle and closed the forceps, which 
retained w ith in  them  a  considerable quan tity  of the 
bottom , w hether sand, m ud, or small stones.1 O n th e  
1st of Septem ber, 1818, S ir Jo h n  Ross sounded in 
1,000 fathom s, la t. 73° 37' N ., long. 75° 25' W. The 
soundings consisted of “ soft m ud, in  which there 
were worms, and, entangled  on th e  sounding-line, at 
the depth of 800 fathom s, was found a  beautiful Caput 
Jfedim e .” On th e  6 th  of Septem ber Sir John  Ross 
sounded in  1,050 fathom s, la t. 72° 23' K ., long. 
73°075' AV., and th e  clamms b rough t up Gibs, of very

1 A  V oyage  o f  D isco v ery  m a d e  u n d e r  th e  O rd e rs  o f  th e  A dm ira lty  
in 11 is M ajes ty ’s  S h ip s  1 I s a b e l l a ’ a n d  ‘ A le x a n d e r /  for th e  pu rpose  of 
exp lo ring  B allin ’s B ay , a n d  in q u i r in g  in to  th e  P o ss ib i l i ty  of a  N o r th -  
'v es t  Passage. B y  . lo h n  lîoss, K .S .,  C ap ta in  P o y a l  N avy . London : 
I S l ' J  ; p .  i t s .
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soft mud. I  m ention these soundings thus p arti
cularly because they  are th e  first au then tic  instances 
of any quantity  of th e  bottom  having been brought 
up from such depths. The clamms were used w ith  
strong whale line made of th e  best hemp, inches 
in  circumference. The weight recommended by Sir 

Jo h n  Boss for th e  sounding in  th e  N orth  
Sea is fifty pounds.

One of th e  earliest and certainly not the 
worst of these m iniature dredges is a simple 
modification of th e  common deep-sea lead, 
th e  ccup-lead’ (Fig. 37). A  rod of iron 
passes through th e  lead, and ends a  few 
inches beneath i t  in  a  conical iron cup. 
A th ick  bend-leather washer slides freely 
ou the rod between the end of the lead and 
th e  cup. The theory of th is  in strum ent is, 
th a t as th e  lead runs down, th e  cu rren t of 
water keeps up  th e  washer, leaving the 
m outh of th e  cup free. On reaching the 
ground, th e  weight of th e  lead drives the 
cup in to  th e  m ud or sand, and th e  lead falls 
to one side. W hen th e  lead is hauled up, 
a sample of the bottom  goes into th e  cup, 
and is retained there by th e  washer, which 
is pressed down upon the top of the cup 

r»u.u37-—The during its upw ard journey by th e  reversal 
of th e  current. The ‘ cup-lead* is very 

useful for moderate depths. Twice out of three 
tim es it  brings up a sample, b u t th e  cup is too open 
and the means of closing i t  are too crude, and  the 
th ird  tim e everything is washed out and th e  cup 
comes up perfectly clean. Deep soundings take too



e n  A r .  v . ] D EEP-SE A SO U N D IN G , 2 1 1

m uch tim e and are too valuable to  adm it so large 
an  average of losses.

Fm . .IS.—Brooke's Deep-Ben Hounding A pparatus.

A bout th e  year 1854, J . M. Brooke, passed-mid- 
shipm an in  th e  U .S. navy, a clever young officer who
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was a t  th e  tim e doing duty  in th e  Observatory, pro
posed to  C aptain M aury a contrivance by which th e  
shot m igh t be detached as soon as i t  reached the 
bottom , and specimens brought up in  its  stead. The 
resu lt of th is  suggestion was Brooke’s deep-sea sound
ing apparatus (Figs. 38 and 39), of which all th e  more 
recent contrivances have been to a great ex ten t m odi
fications and im provem ents, re ta in ing  its fundam ental 
principle, th e  detaching of th e  weight. The in s tru 
m en t as devised by M r. Brooke is very simple. A 
6 i  lb. shot E is cast w ith  a hole th rough  it. A n 
iron  rod  a  has a  cham ber b  a t  th e  lower end, and 
two moveable arm s hinged to  th e  upper end w ith  
eyes to fasten two cords by wjiich th e  rod is sus
pended ; so th a t w hen th e  in strum en t is hang ing  free 
th e  arm s are nearly  vertical (Fig. 38). Each arm  
bears a  projecting notched tooth , and before sounding 
th e  shot is suspended, w ith th e  rod passing through 
it, in  a  canvas or leather sling c attached by cords 
whose loops pass over th e  teeth . The cup a t  the 
lower end of th e  rod is filled w ith  tallow  ‘ arm ing,’ in 
w hich a cham ber has been made by pushing in  a 
wooden plug. W hen  th e  in strum ent strikes, th e  end 
of th e  rod is driven in to  th e  m aterial of th e  bottom , 
w hich fills th e  cham ber in  th e  arm ing, th e  two jo in ted  
arm s fall down, th e  loops of th e  sling are relieved 
from  th e  teeth , and th e  rod slips th rough  the hole in 
th e  shot and  comes up  alone w ith  its enclosed sample 
of sediment.

I n  th is  sim plest and earliest form Brooke’s sound
ing  apparatus had some of the defects of th e  cup-lead. 
The sam ple of the bottom  w as too small, and ran  a 
risk  of being washed out in hauling  up. Modifica-
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lions were soon made. Commander D aym an made

Owv- V
- V '

F lo .  :*0.— B ro o k es  Uoop-Sen Rouwlinß Appnrntus.

several im provem ents for th e  sounding voyage of
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H .M .S. ‘ Cyclops' in  1857.1 H e used iron wire braces 
to  support the sinker, as these detach m ore freely 
th a n  slings o f rope ; he replaced Brooke’s round-shot 
by a  leaden cylinder to  dim inish th e  resistance and 
th u s  increase th e  velocity in  descending; and he 
adapted a  valve opening inwards, to  th e  term inal 
cham ber in  th e  rod, to prevent th e  washing ou t of 
th e  sample. Commander D aym an seems to have 
found th e  apparatus th u s  im proved to  answer well. 
H e used i t  th roughou t his im portan t survey of the 
‘ telegraph p la teau .’

The ‘ Bull-dog ’ sounding m achine (Fig. 40) is now 
probably th e  most generally know n of these dredging- 
leads. This in strum ent is an  adaptation  of S ir Jo h n  
R oss’ deep-sea clamms, w ith  th e  addition of Brooke’s 
principle of th e  disengaging weight. I t  was invented 
during  th e  famous sounding voyage of H .M .S. ‘ B ull
dog’ in  th e  year 1860, and Sir Leopold M ‘Clintock 
gives th e  chief credit of its  invention to  th e  assistant- 
engineer on board, Mr. Steil.2 A pair of scoops a  

close upon one another scissorwise on a hinge, and have 
tw o pairs of appendages b ,  which stand  to  th e  open
ing and  closing of th e  scoops in  th e  relation  of scissor 
handles. This apparatus is perm anently  attached to 
th e  sounding-line by th e  rope f ,  w hich in  the figure 
is represented hanging loose, and  which is fixed to

1 D eep-Sea  S o u n d in g s  in  th e  N o r th  A t la n t ic  O cean , be tw een  
I r e la n d  a n d  N ew fo u n d lan d ,  m a d e  iu  H .M .S .  ‘ C yc lops ,’ L ieu t.-C om - 
m a n d c r  J o s e p h  D ay m an ,  in  J u n e  a n d  J u l y  18.r>7. P u b l ish e d  by  
o rder  o f  th e  Lords  C om m issioners  o f  th o  A d m ira l ty .  L o n d o n  : 1858.

2 R em ark s  i l lu s tra t iv e  o f  th e  S o u n d in g  V oyage  o f  H .M .S .  ‘ B u l l 
d o g 1 in  1 8 6 0 ;  C ap ta in  S i r  L eopold  M ‘C lin tock  com m an d in g .  P u b 
l ish e d  b y  o rd e r  o f  th e  L o rd s  C om m iss ioners  o f  th o  A d m ira l ty .  
L o u d o n :  18151.
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F l u .  4 0 . - T i n *  '  D u l l  i l o g  ’ S o u n d i n g  M a r l i i u * .
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th e  spindle on which th e  cups tu rn . A ttached to 
th e  same spindle is the rope n , w hich ends above in 
an  iron  ring, e  represents a  pair of tum bler hooks, 
fastened likewise to th e  end of th e  sounding-line; 
c a  heavy leaden or iron  w eight, w ith  a hole th rough  
i t  wide enough to  allow th e  rope n  w ith its  loop and 
ring  to  pass freely ; and b, a strong india-rubber band 
which passes round th e  handles of th e  scoops. I n  th e  
figure th e  instrum ent is represented as i t  is sent 
down and before i t  reaches th e  bottom . The weight 
c and th e  scoops A  are now suspended by th e  rope d , 

whose rin g  is caught by th e  tum bler hooks e . The 
elastic r in g  b  is in  a  s ta te  of tension, ready to draw 
together th e  scoop handles and close th e  scoops, b u t 
it  is antagonized by th e  w eight c, which, pressing 
down into a space between th e  handles, keeps them  
asunder. The m om ent th e  scoops are driven in to  the 
ground by th e  w eight, the tension on th e  rope d  is 
relaxed, th e  tum blers fall and release th e  ring , and 
the weight falls and allows th e  elastic band to  close 
the scoops and  to  keep them  closed upon w hatever 
they may con ta in ; th e  rope d  slips th rough  th e  
weight, and th e  closed scoops are draw n up  by the 
rope F. This is a  p re tty  idea, and an  ingenious and 
elegant apparatus, b u t it  is ra th e r com plicated. I  
have never seen i t  in  use, bu t I  should fear th a t  the 
observer m igh t often be thw arted  by th e  scoops fall
ing in  a  wrong direction, 01* by pebbles ge tting  into 
the hinges and preventing  th e ir closing thoroughly. 
The sim pler all these th ings are th e  better.

AVe used in our tr ip  in th e  ‘ L ig h tn in g ’ in 1808 an 
instrum ent (F ig. 41) which a t  first sigh t scarcely 
looks prom ising from its apparent want of compact-



ness, b lit I  will say tins for the 
‘F itzgerald’ sounding apparatus 
th a t I  never knew  i t  fail ; and 
we were obliged, unfortunately 
for ourselves, to  try  it  fre
quently in very bad weather 
and under most unfavourable 
circumstances. The sounding- 
line ends in  a loop passing 
through an  eye in the centre of 
a bar of iron f . The bar te r 
m inates a t  one end in  zw claw 
and a t  th e  other in a second 
eye, to which a  chain is at
tached. A  scoop a , w ith a 
sharp, spade-like lip, is fixed to 
a long and ra ther heavy iron 
rod D, w ith an expanded rudder
shaped end to steady it in pass
ing quickly through th e  water, 
and beneath th is an eye, which 
fits the claw of the bar f . A 
door b fits th e  scoop to which 
it is hinged, and it is also 
hinged to the arm  c, which, 
when held in a vertical posi
tion, keeps it  open. The arm  e 
is attached by th e  chain to the 
eye in the bar f , and th e  arm  
and chain correspond in length 
to the rod n . Two teeth  e  e  
project from n, and on these are 
hung a heavy weight. The



apparatus is so adjusted, th a t when 
th e  weight is attached and th e  in s tru 
m ent hanging ready for use, as repre
sented in  the figure, th e  rod ¥ main
tains a horizontal position. W hen the 
instrum ent strikes th e  ground, the 
tension on the bar f  is relieved, the 
weight draws the rod o off the claw 
and slips off, a t  th e  same tim e filling 
the scoop. W hen hauling up, all the 
instrum ent falls into a nearly vertical 
line, and th e  scoop comes up fu ll in 
the middle, the weight of i> keeping 
its  m outh closed up against its lid.

The apparatus used during  th e  
cruise of th e  ‘ Porcupine,” where 
sounding was carried on to the utm ost 
attainable accuracy and a t  great 
depths, was a somewhat elaborate 
modification of Brooke’s sounding 
machine which liad been previously 

f employed by Captain Shortland in 
the voyage of H .M .S. ‘ H ydra,’ sound
ing across the A rabian G ulf prepara
tory to laying th e  Ind ian  Cable.

This special modification, which cer
tainly answered rem arkably well, ap
pears to have been due entirely to 
M r. Gibbs, the blacksm ith on board 
th e  vessel.1 W e christened it the

1 S o u n d i n g  V o y a g e  o f  l í . M.S .  ‘ H y d r a , '  C a p t a i n  
1*. I \  .Shor t l and ,  ISOS. l ' u b l i s h e d  b y  o r d e r  o f  tin* 

|M' L o rds  Conmiiss .  r.f tia* A d m i r a l t y .  L on d o n  : ISO«).
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‘ H ydra,’ in  recognition of its inventor and of the 
vessel in which i t  was first used.

The axis of th e  ‘ H ydra 9 (Fig. 42) is a strong brass 
tube, w hich unscrews in to  four cham bers. The th ree 
lowest of these arc closed above by conical valves 
opening upwards, b u t no t fitting  absolutely tig h tly , so 
as to  allow a  little  w ater to  pass ; and th e  lowest 
cham ber b is closed by a bu tterfly  valve also open
ing upwards. The upper (fourth) cham ber a  contains 
a piston, and the piston-rod c is continued upw ards 
in to  a rod w hich ends in  the rin g  to which th e  
sounding-line is attached. T he upper cham ber in 
which the piston works has a  large hole on either 
side about th e  middle of its length , and a  sm all hole 
passes through the piston itself. Projecting from the 
upper part of the rod there is a notched tooth  l), and 
over th e  tooth  passes an  arched steel spring, w ith 
a s lit which allows th e  too th  to  pass th ro u g h  its 
centre, and its  two ends fastened moveably to  the 
rod. W hen the spring is forcibly pushed back, it  
allows the tooth w ith  its  notch to pro trude through 
the central slit. The w eight consists of th ree or four 
cylinders of iron f ,  toothed and notched so as to  fit 
in to  one another and m ake one mass. The w eight 
used in  the ‘ P o rcu p in e ’ was from two to three 
hundredw eight, according to th e  depth. The w eight 
is suspended by an  iron wire sling w hich passes over 
the notched tooth , th e  spring having been pressed 
back. The w eight is am ply sufficient to re ta in  the 
spring in  th a t position.

The figure represents th e  in strum en t prepared to  let 
go, th e  whole w eight suspended from the rin g  a t the 
top of th e  piston-rod, which is th u s  fully drawn out
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of its cylinder. As th e  in strum ent ru n s  down the 
w ater passes freely th rough  th e  tu b e  and valves, and 
pours out by th e  holes in  th e  w all of th e  cylinder. 
W hen  i t  touches th e  ground th e  p iston  is pulled 
down by  th e  weight, b u t its  progress is somewhat 
arrested by th e  w ater in  th e  lower p a rt of th e  
cylinder, w hich can only escape slowly, th u s  giving 
th e  w eight tim e to  force th e  te rm in a l cham ber w ith  
th e  butterfly  valves into th e  ground. The weights 
th en  rest upon the bottom  and  relieve th e  spring 
which throw s th e  sling off th e  tooth . T he tube 
comes up  free w ith  a ll th e  valves closed, and th e  last 
cham ber filled w ith  th e  substance of th e  bottom , and 
th e  o ther cham ber w ith  bottom  water.

In  th e  skilful hands of C aptain Cal ver th e  ‘ H y d ra ’ 
never once failed, and from  th e  great w eight used it 
is adm irably suited for accurate soundings in  deep 
w ater ; b u t i t  is som ewhat complicated, and i t  brings 
up very sm all samples of th e  bottom . I n  th e  case of 
th e  cruise of th e  ‘ Porcupine,’ where the large dredge 
was sent down a t  alm ost every sounding-station, th is  
was of little  consequence ; b u t where dredging is im 
practicable, and  a ll inform ation as to  th e  condition of 
th e  bottom  m ust be go t from soundings, some simple 
adaptation of th e  ‘ B u ll-dog’ scoops or th e  F itzgerald  
apparatus would certainly  have a g reat advantage.

D uring  th e  cruise of th e  c Porcupine ’ in  1869 
soundings were taken  w ith  th e  u tm ost care a t  n inety  
stations, and  in  1870 a t  sixty-seven stations, and  on 
every occasion th e  operation was conducted by Capt. 
Calver himself, whose great experience on th e  su r
veying service was in  itse lf a guarantee of the greatest 
possible accuracy. Captain Calver to ld  me th a t on
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every occasion, even a t  th e  g reatest depths, he felt 
distinctly  th e  shock of th e  a rres t of th e  w eight upon 
the bottom  com m unicated to  his hand . A  careful 
sounding was always taken  inunediately before le ttin g  
go the dredge. I  w ill take  as an  exam ple th e  sound
ing* which determ ined th e  depth of th e  deepest hau l 
of th e  dredge yet made, in  2,435 fathom s in  th e  Bay 
of Biscay on th e  22nd of Ju ly , 1869, and describe 
the modus operandi.

The ‘ Porcupine ’ was provided a t W oolwich w ith  
an  adm irable double cylinder donkey-engine of 12- 
horse power (nominal), placed on th e  deck amidships, 
w ith a  couple of surg ing  drums. This little  engine 
Avas the comfort of our lives ; no th ing  could exceed 
th e  steadiness of its w orking and the ease w ith  which 
its  speed could be regulated. D uring  th e  whole ex
pedition i t  brought in  w ith  th e  ordinary drum , the 
line, w hether sounding-line or dredge-rope, w ith 
alm ost any weight, a t  a  uniform  ra te  of a foot per 
second. Once or twice it  was over-strained, and th en  
we pitied the w illing little  th in g  pan ting  like an  over
taxed horse ; and sometimes we p u t on a sm all drum  
for very hard  work, gain ing  thereby additional power 
at some expense of speed.

Two powerful derricks were rigged for sounding 
and dredging operations, one over th e  stern  and  one 
over the port bow. The bow derrick was th e  stronger, 
and we usually found i t  th e  more convenient to  
dredge from. Sounding was most frequently  carried 
un from tlie stern . Both derricks were provided witli 
accum ulators, accessory pieces of apparatus which 
we found of g reat value. The block through which 
the sounding-line or dredging-rope passed was not
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attached directly to  th e  derrick, b u t to  a  rope which 
passed th ro u g h  an  eye a t  th e  end of th e  spar, and 
was fixed to  a * b itt  ’ on th e  deck. O n a  b ig h t of 
th is rope between th e  block and th e  ‘ b i t t 5 th e  accu
m ulato r was lashed. This consists of th ir ty  or forty 
or m ore of H odge’s vulcanized india-rubber springs 
fastened together a t th e  tw o extrem ities, and  kep t 
free from one another by being passed through 
holes in  two round wooden c d J s  like th e  heads of 
churn-staves. The loop of th e  rope is made long 
enough to  perm it th e  accum ulator to s tre tch  to  double 
or treble its length , bu t it  is arrested  fa r w ith in  its 
breaking point. T he accum ulator is valuable in  th e  
first place as indicating roughly  th e  am ount of strain  
upon the lin e ; and in  order th a t i t  m ay do so with 
some decree of accuracy it is so arranged as to  play 
along the derrick, which is graduated from tr ia l to  the 
num ber of cwts. of s tra in  indicated by th e  g reater or 
less extension of th e  accum ulato r; h u t its  m ore im 
p o rtan t function is to take off th e  suddenness of th e  
strain  on th e  line when th e  vessel is pitching. The 
friction of one or two miles of cord in  th e  w ater is so 
g reat as to  prevent its  yielding freely to  a sudden je rk  
such as th a t given to th e  attached end w hen the 
vessel rises to  a sea, and th e  line is ap t to  snap. A 
letting-go frame like th a t used on board th e  4 H ydra ,’ 
a  board w ith a slit th rough which th e  free end of the 
sounding machine passed, and which supported the 
weights while the in strum ent was being prepared, was 
fitted under the stern  derrick. The sounding in s tru 
m ent was the ‘ Hydra,* weighted w ith 33G lbs. The 
sounding-line was wound am idships ju s t  abaft tho 
donkey-engine on a large strong reel, its  revolution
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commanded by a  brake. The reel held abou t 4«,000 
fathoms of medium No. 2 line of th e  best I ta lian  
hemp, th e  No. of threads 18, th e  w eight per 100 
fathoms 12 lbs. 8ozs., the circumference 0*8 inch, and 
the breaking strain , dry, 1,402 lbs., soaked a  day 
1,211 lbs., m arked for 50, 100, and  1,000 fathom s.

The w eather was rem arkably clear and fine ; th e  
wind from th e  north-w est, force =  4  ; th e  sea m ode
rate, with a  s ligh t swell from  th e  north-w est. W e 
were in  la t. 47° 38' N ., long. 12° 08' W ., a t  th e  
mouth of th e  Bay of Biscay, about 200 m iles to  th e  
west of Usliant. The sounding instrum ent, w ith  tw o 
M iller-Casella therm om eters and  a  w ater bo ttle  
attached a fathom  or two above it, was cast off the 
letting-go fram e a t  2h. 44m. 20s. p.m . The line was 
ru n  otF by hand from th e  reel and given to  th e  
weight as fast as it  would take  it, so th a t there m igh t 
not be th e  slightest check or strain . The following 
table ui ves th e  absolute ra te  of descent :—

I ' . i t l io in * . T i l  n r . Interval. 1 F n l l i n n t s .

I

T h in * .

I
I n t e r v a l .

h. l i t . s. in. s. h. lit. s. t i t . s.
0 2 44 20 1500 2 58 5 1 23

100 2 45 5 O 45 1400 2 59 37 ; 1 32
200 2 45 45 0 40 1500 5 1 9 1 1 32
200 2 4G 50 0 45 1G00 5 2 42 1 33
400 2 47 25 0 55 1700 5 4 19 1 37
r»oo •> -IS 15 0 50 1800 5 0 G . 1 47
(¡00 . 2 40 15 1 0 1900 5 7 53 1 47
700 i 3 50 24 1 0 2000 5 9 40 : 1 47
S O O 2 51 25 0 59 2100 5 U 29 I 49
000 •) 52 45 1 22 2200 5 1 3 24 i 1 55

1000 •> 54 0 1 15 2500 5 15 23 1 59
1100 2 55 21 1 21 2400 3 17 15 i 52
1200 •> 50 42 1 21 2455 5 17 55 0 40
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I n  th is  case th e  tim ing was only valuable as cor
roborating o ther evidence of the accuracy of the 
sounding, for even a t  th is great depth, nearly th ree 
miles, the shock of the arrest of th e  w eight a t  th e  
bottom  was distinctly  perceptible to  th e  commander, 
who passed th e  line through his hand during  the 
descent. This was probably th e  deepest sounding 
which had been taken  up to  th a t tim e w hich was 
perfectly reliable. I t  was taken  under unusually  
favourable conditions of w eather, w ith  th e  most 
perfect appliances, and w ith consum m ate skill. The 
whole tim e, occupied in  descent was 33 m inutes 
35 seconds; and in  heaving up, 2 hours 2 m inutes. 
The cylinder of th e  souuding apparatus came up 
filled w ith  fine grey A tlan tic  ooze, containing a  con
siderable proportion of fresh shells of Globigerina. 
The two M iller-Casella therm om eters registered a 
m inim um  tem peratu re  of 2°*5 C.

Various attem pts have been m ade to  devise an 
instrum ent which should determ ine accurately  the 
am ount of vertical descent of th e  lead by self-regis
te rin g  machinery. The m ost successful apparatus for 
th is purpose, and th e  one most in  use is ‘ M assey’s 
sounding-machine.* This instrum ent, in  its  la test and 
most improved form, to be used w ith th e  common 
lead, is shown in P ig . 4 3 .  Two thim bles F  F  pass 
th ro u g h  th e  two ends of the heavy oval brass shield 
a  a ;  to  the upper of these th e  sounding-line is 
attached, and to th e  lower th e  w eight a t about half 
a fathom  from the machine. A set of four brass 
vanes or wings n arc soldered obliquely to  an axis 
in such a position th a t as th e  m achine descends the 
axis revolves hv the pressure of th e  water against
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th e  vanes. The revolving axis com m unicates its 
m otion to th e  indices on the dial-plate c, which are 
so adjusted th a t th e  index on th e  righ t-hand dial 
passes through a division for every fathom  of

vertical descent, w hether quick or slow, and makes 
an  entire revolution for 15 fathom s, w hile the left- 
hand index passes th rough  a division on the circle for 
15 fathom s, and makes an en tire  revolution during

F io . 43.—' M ossty 's Sounding Machine.
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a  descent of 225 fathoms. W here g reater depths 
are required it  is only necessary to add ano ther 
dial and index. This sounding in stru m en t answ ers 
very well in  moderately deep water, and  is extrem ely 
valuable for checking soundings by th e  ordinary  
m ethod, where deep curren ts are suspected, as it  
ought to  register vertical descent only. I t  is n o t 
satisfactory in  very deep water, and  its  uncertain ty  
is shared apparently  by a ll in strum ents involving 
m etal wheel-work. I t  is difficult to  te ll th e  reason. 
The m achinery seems to  g e t jam m ed in  some way 
under th e  enorm ous pressure of th e  water.

The c M assey's sounding-m achine ’ in  common use 
is somewhat different from th e  ‘ shield ’ in strum en t 
described and figured above. I t  is constructed on 
precisely th e  same principle, b u t it is bolted  to  a 
special form  of sounding lead, and  is th u s  somewhat 
more cumbrous.

Besides th e  increasing a tten tion  w hich has been 
paid of la te  years to  all subjects of scientific in terest, 
and  especially to  those connected w ith  physical geo
graphy, th e  conditions of th e  depths of th e  sea, th e  
n a tu re  of th e  bottom , th e  force and  d irection  of deep 
currents, th e  tem peratu re  a t  g reat depths, and , in 
fact, all th e  conditions affecting th e  sea bottom , 
have lately  acquired great practical im portance in 
connection w ith  telegraphic com m unication by ocean 
cables.

The A tlan tic  Ocean, w ith  th e  accessible portions 
of th e  A rctic Sea, has na tu ra lly , from th e  re la tio n  in  
w hich it stands to  th e  first m aritim e and  commercial 
nations of th e  present period, been th e  m ost carefully 
surveyed ; and as i t  appears to  contain depths nearly



C U  A V .  v . ] D EEP-SE A SOUNDING.

if no t qu ite  as g rea t as any to be found in  th e  other 
ocean basins, it  m ay probably be taken  as a fair 
exam ple of ord inary  conditions. I t  is open from 
polo to pole, and  th u s  participates in  all conditions 
of clim ate, and i t  com m unicates freely w ith  the 
o ther seas. W e have still b u t scanty inform ation 
about th e  beds of the Indian , th e  A ntarctic, and the 
Pacific oceans, bu t th e  few observations w hich have 
h itherto  reached us seem to  indicate th a t  ne ither is 
th e  depth  extrem e in  these seas, nor does th e  natu re  
of th e  bottom  differ greatly  from w hat we find nearer 
home. The M editerranean —  a  closed cul-de-sac 
alm ost cu t olF from th e  general ocean— is under 
m ost peculiar circum stances, w hich w ill be discussed 
hereafter. The general resu lt to  w hich we are led 
by th e  careful and  system atic deep-sea soundings 
w hich have been undertaken  of la te  years by our 
own A dm iralty  and by th e  Am erican and  Swedish 
Governments, is th a t th e  depth of th e  sea is no t so 
g reat as was a t  one tim e supposed. I  have already 
m entioned th a t  in  some of th e  earlier sounding expe
ditions enormous depths were registered from  various 
parts of th e  A tlan tic , and I  have also m entioned the 
reasons, depending chiefly upon defective appliances, 
why m any of these soundings are now considered u n 
trustw orthy. L ieu tenan t llerrym an , of th e  U .S. b rig  
‘ D olph in / reported  4,580 fathom s (27,480 feet), equal 
to  th e  heigh t of D walagiri, in  la t. 41° 7 ' N ., long. 
49° 23' W ., half-way betw een New Y ork and th e  
Acores ; ‘ no bottom  ’ a t  4,920 fathom s (29,520 feet), 
deeper th a n  th e  heigh t of D eodunga, th e  highest 
peak in  th e  world, in  la t. 38° 3 ' N ., long. 07° 11/ W .; 
and ‘ no bottom  ’ a t G,(i00 fathom s (39,000 feet),
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la t. 32° 55' N ., long. 47° 58 ' W ., ind icating  a chasm 
between th e  coast of A m erica ancl th e  W estern  
Islands, w hich m ig h t easily engulph the whole range 
of th e  H im alayas. This space probably represents 
th e  deepest p a r t of th e  N orth  A tlan tic  ; bu t th e re  is 
l i t t le  doubt th a t  these depths are greatly  exagge
rated . The average depth of th e  ocean bed does not 
appear to  be m uch m ore th a n  2,000 fathom s (12,000 
feet), about equal to  th e  m ean heigh t of th e  elevated 
tab le  lands of Asia.

T he th in  shell of w ater w hich covers so m uch of 
th e  face of th e  earth  occupies a ll th e  broad general 
depressions in  its  crust, and  i t  is only lim ited  and 
m ore ab rup t prom inences which project above its 
surface as masses of land w ith  th e ir  crow ning p la
teaux  and m ountain  ranges. The A tlan tic  Ocean 
covers 30,000,000 of square miles and  th e  A rctic Sea 
3,000,000, and  tak en  together th ey  alm ost exactly  
equal th e  un ited  areas of Europe, Asia, and  A frica 
—th e  whole of th e  old world ; and  y e t th e re  seem 
to  be few depressions in  its  bed to  a  greater depth 
th a n  15,000 or 20,000 feet—a little  m ore th a n  th e  
heigh t of M ont B lanc—and except in  th e  neigh
bourhood of th e  shores there  is only one very 
m arked mass of m ountains, th e  volcanic group of 
th e  Açores.

The central and  southern  p arts  of th e  A tlan tic  
appear to  be an  old depression, probably a t  all events 
coæval w ith th e  deposition of th e  Jurassic  form a
tions of Europe, and th roughou t these long ages 
th e  tendency of th a t g reat body of w ater has no 
doubt been to  am eliorate th e  outlines, softening down 
asperities by the d isin tegrating  action of its waves
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and curren ts, and filling up  hollows by drifting about 
and d istribu ting  th e ir m aterials.

The first careful surveys of the A tlan tic , in  which 
great depths were determ ined w ith considerable accu
racy, are th e  cruises of Lieut.-Com m anding Lee, in  
th e  U .S. brig  ‘ Dolphin ’ (1851-52), and of Lieut. - 
Comm anding O. H. B errym an, in  th e  same vessel 
in  1S52-53; b u t th e  sounding voyage in  which 
modern appliances were first em ployed w ith  perfect 
accuracy w ith  a practical object was th a t  of L ieu
ten an t B errym an in 1856, in th e  U.S. steam er 
‘ A rctic ,’ in  w hich tw enty-four deep-sea soundings 
were taken  w ith  th e  Brooke’s and M assey’s sounding 
machines on a  g reat circle between St. J o h n ’s, New
foundland, and  V alen tia  in  Ire land , w ith  a  view 
to  th e  lay ing  of the first cable. The same ground 
was gone over by L ieu tenan t D aym an, in  II.M .S. 
‘ Cyclops,’ in  Ju n e  and Ju ly  1857, and  th irty -four 
soundings were taken, the depth being estim ated by 
M assey’s sounding-m achine and a modification of 
Brooke’s m achine already described. The n ex t im 
p o rtan t sounding expedition was th a t of Commander 
D aym an, in  II.M .S. ‘ Gorgon,’ from  Newfoundland to 
th e  Açores, and thence to  England. The depths 
were taken  in  th is  case w ith  a lead usually  188 lbs. 
in  w eight w hich was lost a t  each cast, and alba- 
core line w ith  a  breaking s tra in  of 420 lbs. Only 
on one occasion, about a  th ird  of th e  way from the 
Açores to  E ng land , a  cup-lead was le t go, attached 
to a stronger line, in  1,900 fathom s, and came up half 
filled w ith  grey ooze.

A nother route for a te legraph cable having been pro
posed, II.M .S. ‘ B u ll-dog’ started  in  Ju ly  1860, under
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th e  command of C aptain  Sir Leopold M*Clintock, and 
took depths between th e  Fæ roe Islands and Iceland, 
and thence to  G reenland and Labrador. The sound
ings were taken  first by cod-line and an iron  sinker 
of about 1 cwt., the line and sinker being cu t off a t 
each operation ; and th e  sounding was then  usually 
repeated w ith th e  « Bull-dog ’ sounding-maeliine, w ith 
which large samples of th e  bottom  were procured. 
A  diary of th is voyage was kep t by D r. W allich, 
N atu ra lis t to  th e  Expedition, and was afterw ards 
published by him  as p a r t of the extrem ely im portan t 
memoir on th e  N o rth  A tlan tic  sea-bed, to which 
I  have already referred. Some fu rth e r questions 
having arisen as to th e  best line to be taken  by 
an A tlan tic  te legraph cable, C aptain  Ilo skyn , B .N ., 
was despatched in  th e  ‘ Porcupine ’ to exam ine the 
curious dip from  550 to  1,750 fathom s, described 
by C aptain D aym an in  1857* as occurring about 170 
miles w est of V alentia. One im portan t resu lt of th is 
cruise was th e  discovery of th e  e P o rcup ine’ Bank, 
about 120 miles west from Galway Bay, w ith  a  m ini
m um  depth of 82 fathoms.

Towards th e  la tte r  p a r t of th e  year 18G8 H.M.S. 
‘ G annet,’ Comm ander W . Chinnno, lt .N ., was 
ordered by th e  A dm iralty  to  define during  her 
homeward voyage from th e  W est In d ia  S tation 
th e  northern  lim its of th e  G ulf S tream , and  to 
take deep soundings and  tem peratures. T hirteen 
soundings were taken  w ith th e  Brooke’s m achine 
over an  arca of upw ards of 10,000 square miles 
from  Sable Island  (lat. LT 20' N ., long. 00° W .), at 
depths varying from 80 to 2,700 fathom s.

Eor m any years past th e  A m erican Government
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liavo been prosecuting a  m ost careful and elaborate 
survey of th e ir  coast-line; and la tterly  the Coast 
Survey, under the late Professor Bache and  th e  pre
sent energetic head of th e  Bureau, Professor Pierce, 
has pushed its  operations in to  deep w ater, particu
larly  in th e  G ulf-stream  region north-w estw ards of 
th e  S tra it of Florida. D redging operations have 
been conducted m ost successfully under Count Pour- 
talcs, and i t  w ill be seen hereafter th a t his results 
are a  valuable com plement and corroboration of our 
own. The Swedish Government has tw ice executed 
careful soundings in  the sea between Spitzbergen and 
G reenland and  to th e  south-west of Spitzbergen; in 
1SG0 under the direction of O tto Thorell, and in 
ISOS th rough  the Swedish A rctic  E xploring  E xpe
dition under C aptain C ount von O tter of the Boyal 
Swedish steam er ‘ Sophia.’ I n  1809 th e  Swedish 
corvette ‘ Jo se p h in e ’ sounded and dredged in  the 
N orth  A tlan tic , tak ing  soundings to  th e  depth of 
upw ards of 3,000 fathom s, and discovered th e  ‘ Jose
phine B ank,’ w ith a m inim um  depth of 102 fathoms, 
in lat. 3 (f 15' N., long. 1L° 10' AV. to  th e  north-w est 
of the S tra it of G ibraltar. The N orth-G erm an Polar 
expeditions g reatly  increased our knowledge of the 
Spitzbergen and th e  G reenland S eas; and finally, 
on Decem ber 20th, 1870, the A m erican nautical 
school-ship ‘ M ercury,’ C aptain P . G iraud, crossed the 
Tropical A tlan tic  to  S ierra Leone, which she reached 
on th e  11th  of F ebruary , 1871. She left Sierra 
Leone on F ebruary  21st, and  soundings and other 
observations were continued till  she reached S a v a n 
nah  on th e  13th  of A pril. The object of th is  ex
pedition and  th e  character of th e  observers are
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singular and instructive. I t  seems th a t th e  4 M er
cury ’ is a  vessel belonging to  th e  Commissioners in 
charge of th e  hospitals and prisons of New York, and 
i t  is  employed for the purpose of tra in in g  boys, 
com m itted by th e  m agistrates for vagrancy and slight 
misdemeanours, to  become thorough seamen. One 
im portan t p a r t of th e  tra in ing  in  th is  ship is th a t 
she makes long cruises, and th e  boys are th u s  fitted 
quickly to en ter in to  th e  service of th e  navy or the 
m ercantile m arine. I n  the present cruise, th e  Com
missioners, desiring to  prom ote th e  education of the 
lads and to advance the interests of science as m uch 
as lay  in  th e ir power, instructed the captain  to obtain 
a  series of soundings on the line of or near the 
equator from  th e  coast of Africa to th e  m outh  of the 
Amazon, and  to  observe the set of th e  surface currents 
and the tem perature of the water a t  various depths.

The Commissioners report m ost favourably of th is  
mode of tra in ing , which is now being so generally 
adopted in  th is  country. F o r such boys th e  adven
tu rous life has a special charm , and, 44 instead of 
growing up to be a curse to  th e  com m unity, they 
are made into valuable m en.” Two hundred and 
fifty scapegraces were sent out on th is voyage, and 
on th e  re tu rn  of th e  ship, in  th e  opinion of th e  
captain 100 of these were capable of discharging the 
duties of ordinary seamen.

Brooke’s detaching sounding apparatus was used 
in  th e  4 M ercury,’ and in  th e  report of th e  scientific 
results of th e  voyage, which was drawn out by P ro 
fessor H enry  D raper of New York, a  diagram  of th e  
bed of th e  A tlan tic  a t  the tw elfth  parallel is in tro
duced, based on fifteen soundings. I t  shows tha t,
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“ p artin g  from th e  A frican coast, the bed of th e  
ocean sinks very rapidly. A  couple of degrees west 
of th e  longitude of Cape Verde th e  soundings arc 
2,1)00 fathom s. P rom  th is  poin t th e  m ean depth 
across th e  ocean m ay be estim ated a t  about 2,100 
fathom s, bu t from  th is there  are tw o striking 
departures—first, a depression, th e  depth of which 
is 3,100 fathom s ; and, second, an elevation, a t which 
the soundings are only 1,900, th e  general resu lt of 
th is  being a deep trough  on th e  A frican side and a 
narrow er and  shallower trough  on th e  A m erican.” 1

R eferring to  th e  chart (PI. V II .) , in  w hich the 
greater depths are indicated by th e  deeper shades of 
blue, a shade to  every 1,000 fathom s; in  th e  A rctic 
Sea there  is deep w ater rang ing  to  1,500 fathom s to 
th e  west and south-w est of Spitzbergen. E xtending 
from  th e  coast of Norway and including Iceland, the 
P æ roe Islands, Shetland and O rkney, G reat B rita in  
and Ireland, and th e  bed of the N orth  Sea to  the 
coast of Prance, there is a  wide p la teau  on w hich the 
depth rarely  reaches 500 fathom s, b u t to  th e  west of 
Iceland and com m unicating doubtless w ith  th e  deep 
w ater in the Spitzbergen Sea a trough  500 miles wide 
and in  some places nearly 2,000 fathom s deep, 
curves along th e  east coast of Greenland. This is 
the path  of one of th e  g reat A rctic re tu rn  currents.

1 C ruise o f th e  School-ship ‘ M ercu ry ’ in th e  Tropical A tlantic, 
w ith  a  R eport to  th e  Com m issioners o f  P u b lic  C harities an d  Correction 
of the  C ity  o f  N ew  Y ork  on th e  Chem ical and  P hysical F ac ts  collected 
from the  D eep-sea Researches m ade du rin g  the  Voyage of th e  N autical 
School-ship 1 M ercu ry / u n d e rtak en  in  th e  Tropical A tlan tic  and  C arib
bean Sea, 1870-71 . P»y H en ry  D raper, M .D ., Professor o f A nalytical 
C hem istry  and  Physiology in th e  U niversity  o f N ew  Y ork. A bstracted 
in  N ature , vol. v. p. 324.
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A fter sloping gradually  to  a deptli of 500 fathom s 
to  th e  westward of th e  coast of Ire land  in  lat. 52° N., 
th e  bottom  suddenly dips to  1,700 fathom s a t  the 
ra te  of about fifteen to  nineteen feet in  th e  100; 
and from  th is point to w ithin abou t 200 miles of 
the coast of Newfoundland when it begins to shoal 
again, there  is a  vast undu la ting  subm arine plain, 
averaging about 2,000 fathom s in depth  below the 
surface—th e  c telegraph p la teau /

A  valley abou t 500 miles wide, and w ith a mean 
depth of 2,500 fathom s, stretches from off th e  south
west coast of Ireland, along th e  coast of Europe 
dipping in to  th e  B ay of Biscay, past th e  S tra it of 
G ibraltar, and along th e  west coast of Africa. Oppo
site th e  Cape de Verde Islands it  seems to  m erge into 
a  sligh tly  deeper trough , w hich occupies th e  axis of 
th e  South A tlan tic  and passes in to  th e  A ntarctic  Sea. 
A  nearly  sim ilar valley curves round th e  coast of 
N orth  Am erica, about 2,000 fathom s in depth off 
Newfoundland and  Labrador, and becoming consider
ably deeper to th e  southw ard ; where i t  follows the 
outline of th e  coast of th e  States and th e  Baham as 
and W indw ard Islands, and  finally jo ins th e  central 
tro u g h  of th e  South A tlantic off th e  coast of Brazil, 
w ith  a depth of 2,500 fathom s. A wide nearly  level 
elevated tra c t w ith, a  m ean depth below the surface 
of 1,500 fathom s, nearly  equal in  area to th e  con
tinen t of Africa, extends southw ards from Iceland  as 
fa r as the 20th parallel of north  la titude . This 
p lateau  culm inates a t  th e  parallel of 10° north  
latitude in the volcanic group of th e  Açores. Pico, 
th e  highest poin t of the Acores, is 7,(813 feet (1,201 
fathom s) above the level of th e  sea, which gives from
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the level of the plateau si height of 10,200 feet (2,701 
fathoms), a  little  more th an  th e  heigh t of M ont 
Blanc above the sea-level.

Accurate soundings are as yet m uch too distant 
to justify  anyth ing  like a detailed contour m ap of the 
bod of the A tlantic, and such a  sketch as th e  one 
here given can only he regarded as a  first rough 
draft. N othing, however, can give a more erroneous 
or exaggerated conception of its  outline th an  the 
ideal section in C aptain  M aury’s ‘ Physical Geo
graphy of the Sea,’ although it is in a certain  sense 
correct.

According to our present inform ation, we m ust 
regard the A tlantic Ocean as covering a vast region 
of wide shallow valleys and undulating  plains, w ith 
a few groups of volcanic m ountains, insignificant 
both in  height and extent, when we consider the 
enormous aroa of the ocean lied.

K i n  » a í  t i u : m u . '  A i t o v » :  - ,  i i o i i s i i .w n .
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D E E P - S E A  D R E D G IN G .

T ho N a tu ra lis t’s D redge.— 0 . F .  M üller.— B all’s D redge.— D redging 
a t  m oderate D ep th s .— T h e  Dredge-rope.— D redg ing  in  D eep 
W ate r.— T he ‘ H em pen  tang les.’— D redging  on board  th e  ‘ P orcu
p ine.’— T h e  Sieves.— T h e  D redger’s N ote-book.— T h e  D redging  
C om m ittee of th e  B ritish  A ssociation.— D redging  on  tho  C oast o f 
B rita in .— D redging  abroad.— H isto ry  o f th e  P rogress o f  K now 
ledge o f tho  A byssal Fauna.

A p p e n d i x  A .— O n e  o f th e  D redging  P ap ers  issued  b y  th e  B ritish  
A ssociation C om m ittee, filled  u p  b y  M r. M acAndrew.

U p  to th e  m iddle of last century th e  little  th a t 
was know n of th e  inhab itan ts  of th e  bottom  of the 
sea beyond low-water m ark, seems to  have been 
gathered alm ost entirely  from th e  few objects found 
throw n upon th e  beach from tim e to  tim e after 
storm s, and from chance captures on lead-lines, and 
by fishermen on th e ir long lines and in  traw ls and 
oyster and clam dredges. E ven these precarious 
sources of inform ation could n o t  be used to  th e  
u tm ost, for it  was nex t to  impossible to induce fisher
m en to bring ashore any th ing  except th e  regular 
objects of the ir industry. Even now the schoolm aster 
has scarcely made way enough to  eradicate old p re 
judices. F isherm en are often so absolutely ignorant 
of th e  n a tu re  of these extraneous anim als, th a t it
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is conceivable to  them  th a t  they m ay be devils of 
some k ind  which may have th e  power in  some occult 
way of influencing them  and th e  resu lts  of th e ir 
fishing. I  believe, however, th a t w ith  th e  progress 
of education th is notion is dying ou t in  m ost places, 
and th a t now fewer rarities and  novelties a re  lost 
because it  is ‘ un lucky’ to keep them  in th e  boat.

The n a tu ra lis t’s dredge does no t appear to  have 
been system atically used lo r investigating  th e  fauna 
of th e  bottom  of th e  sea, u n til i t  was employed by 
Otho Frederick M üller in  th e  researches which 
afforded m aterial for th e  publication in  1779 of his 
adm irable “ Descriptions and H istory  of th e  rarer and 
less known A nim als of D enm ark and Norway.” In  
th e  preface to  the first volume M üller gives a  quain t 
account of his machinery and mode of w orking which 
i t  is jdeasant to read.

The first paragraph quoted gives a description of a 
dredge no t very unlike th a t used by B all and Forbes 
(Fig. 44), only th e  m outh of the dredge seems to 
have been square, a modification of th e  ordinary 
form which we find useful for some purposes still, 
bu t in  m ost cases it  gives fata l facilities for ‘ wash
ing out ’ in th e  process of hau ling  in.

“  Praecipuum  instrum cntum , quo fundi m aris et 
sinuum  incolas cxtrahere conabar, e ra t Sacculus re
ticularis, ex funiculis cannabinis concinnatus, m ar
gine aperturae alligatus lam inis quatuo r ferreis ora 
exteriori acutis, vlnam  longis, quatuor vncias latis, 
e t in  quadratum  dispositis. A ngulis lam inarum  ex- 
surgebant quatuor bacilli ferrei, a lte ra  ex trem ita te  in 
annulum  liberum  iuncti. H u ic  an n ec titu r funis du- 
centarum  et p lu rium  orgyarum  longitudine. Saccus
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m ari immissus pondere ferrei apparatus fundum  
plerum que petit, in terdum  diuersorum  e t contra- 
rio rum  saepe flum inum  m aris inferiorum  aduersa 
actione moleque ipsius funis p lu rium  orgyarum  in  
via retineri, nee fundum  attingere creditur.”

The figure of th is f i r s t4 n a tu ra lis t’s dredge ’ is taken 
from  an ornam ental scroll on th e  title-page of 
M uller’s book.

“ Eundo iniacens ope rem orum  a u t venti modici 
tra h itu r , donee trac tum  quendam  quaeuis obuia exci- 
piendo confecerit. I n  cym bam denique re trah itu r  spe 
e t labore, a t  opera e t oleum saepe perditur, nubesque 
pro Iunone captatur, vel enim to tu s  arg illa  fum ante 
au t limo foetente, au t m eris silicibus, au t testaceorum 
e t coralliorum  em ortuorum  quisquiliis im pletur, vel 
saxis praeruptis e t latebrosis cautibus im plicitus 
horarum  interuallo  vel in  perpetuum  om nia experi- 
en tis retrahendi inuenta  fru s trâ t ; in terdum  quidem  
vnum  e t alterum  molluscum , hclmintliicnm , au t tes
taceum  m inus notum  in  dulce laborum  lenimen 
reportât.” M uller graphically describes th e  difficul
ties which he encountered in carrying on his work. 
T he paucity  of anim al life on th e  Scandinavian coasts ; 
th e  wild and variable clim ate, “ acris intem peries, 
m arisque in  sinubus et oris m aritim is Norvegiae 
inconstantia adeo praepropera et jiracpostera, v t aër 
calidissimus vix  m inutorum  in teruallo  in  frigidum , 
tem pestas serena in horridam , m alacia infida in  acstu 
ferventem  pelagum  baud raro  m u te tu r.” S till nothing 
can quell th e  energy of the enthusiastic old natu ra list, 
who looks upon all his hardships as p a rt of th e  day’s 
work: “ U anc m utationem  saepius cum vitae periculo 
et sanitatis dispendio expert us suni, nec tarnen.
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m em bra licct fractus, an im um  demisi, ncc ab incepto 
desistcrc potui. D iscaut dekiuc historiae naturalis 
scituli, ra rio ra  natu rae  absque iudefesso labore nee 
com paran, nee iuste  nosci.” 1 I t  does no t appear, 
however, th a t  O tho Frederick M üller dredged m uch 
beyond th ir ty  fathom s, and in  his day the knowledge 
of m arine anim als was no t sufficiently advanced to 
w arran t any generalization as 
to  th e ir  bathym etrical d istri
bution.

The in strum en t usually em 
ployed in  th is and other 
northern  countries for dredg
ing  oysters and  clams is a 
lm h t frame of iron  about five 
feet long by  a  foot or so in 
w id th  a t th e  m outh, w ith a 
scraper like a  narrow  hoe ou 
one side, and  a suspending 
apparatus of th in  iron  bars 
w hich m eet in  an  iron rin g  for 
th e  attachm ent of th e  dredge 
rope on th e  other. From  
th e  fram e is suspended a  bag 
about tw o feet in  depth, of 
iron chain netting , or of wide-meshed hem pen cord 
netting , or of a m ix tu re  of both. N atu ra list dredgers 
a t  first used th e  oyster dredge, and a ll th e  different 
d red ires now in use are m odifications of it  in  one 
direction or in  an o th er; for in  its  simplicity it  is not

1 Zoología D anica. 8 ev  A nim alivm  D an iae  e t N orvegiae variorum 
ae m inys notorvm  D esori pliones e t H isto ria . A vetoro O thonc Friderico 
M iillcr. K avinae, 17SS.

l* io . 44.— O th o  F re d e ric k  M illie r '«  
D  m ig o .  a .  i». 1760.
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suitable for scientific purposes. The oyster dredge 
has a  scraper only on one side. I n  th e  skilled hands 
of th e  fishermen th is  is no disadvantage, for it  is 
always sent down in  such a  way th a t i t  falls face 
foremost, b u t philosophers using i t  in  deep w ater

very generally found th a t 
w hether from clumsiness 
or from  w ant of sufficient 
practice, they  had  got th e  
dredge down on its  back, 
and  of course it  came 
up  em pty. A gain, oyster 
dredgers are only allowed 
to  tak e  oysters of a  certain  
size, and  th e  m eshing of 
th e  commercial dredge is 
so contrived as to  allow 
all bodies under a  certain  
considerable size to  pass 
through. This defeats the 
object of th e  n a tu ra lis t ; 
for some of th e  prizes 
to  w hich he attaches th e  
highest value are m ites of 
th ings scarcely visible to 
th e  unaided eye.

The remedy for these de-
F io .  45 .— * B a ll 's  D rc i lg o /  ,  *

fects is to  have a  scraper 
on each side, w ith the arm s attached in  such a  way 
th a t one or o ther of th e  scrapers m ust reach the 
ground in  whatever position th e  dredge m ay fall ; and 
to have th e  bag deeper in  proportion to  the size of 
th e  frame, and of a m aterial which is only sufficiently
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open to  allow  th e  w ater to  pass freely th rough , w ith 
th e  openings so d istribu ted  as to  leave a  p a r t  of the 
hag close enough to b rin g  up th e  finest mud.

T he la te  D r. R obert B all of D ublin  devised the 
modification w hich has since been used alm ost u n i
versally by n a tu ra lis ts  in  th is  country and  abroad 
under th e  nam e of ‘ B all’s D redge ’ (Fig. 45). The 
dredges on th is p a tte rn  used in  B ritain  for ten  
years after th e ir first in troduction  about th e  year 
1838, were usually  sm all and ra th e r heavy—not 
more th a n  from twelve to  fifteen inches in  length  
by four or four and a  h a lf  inches in  w idth a t  th e  
mouth. There were two scrapers th e  leng th  of the 
dredge-frame and  an  inch  and a  half or two inches 
wide, set a t  an  angle of about 110° to  th e  plane 
of th e  dredge’s moutli, so th a t when the dredge 
was gently  hauled along i t  took hold of th e  ground 
and secured any th ing  loose on its  surface. I  have 
seen Dr. Ball scatter pence on th e  drawing-room 
floor and pick them  up qu ite  dexterously w ith 
th e  dredge draw n along in  th e  ordinary dredging 
position.

L a tte rly  we have used B all’s dredges of consider
ably la rger size. Perhaps th e  m ost convenient form  
and size for dredging from  a  row-boat or a  yaw i a t 
depths under a  hundred  fathom s is th a t  represented 
by F ig . 45. The fram e is eighteen inches long, and 
its w idth is five inches. The scrapers are three 
inches wide, and  they  are so set th a t th e  distance 
across between th e ir  scraping edges is seven inches 
and a  half. The ends of th e  fram e connecting the 
scrapers are round bars of iron  five-eighths of an 
inch in  diam eter, and from  these two curved arm s of
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round iron of th e  same thickness, dividing beneath  
in to  tw o branches which are attached to  th e  ends of 
the cross-bars by eyes allow ing th e  arm s to fold down 
over th e  dredge-m outh, m eet in  tw o heavy eyes a t  a 
poin t eighteen inches above th e  centre of th e  frame. 
The to ta l weight of th e  dredge-frame and  arm s is 
tw enty pounds. I t  ought to  be of th e  best Low- 
moor on Swedish w rought-iron. I  have seen a  stout 
dredge-frame of Lowmoor iron  tw isted like a  b it 
of wax in  ex tricating  i t  from  a  ja m  between two 
stones, and, singularly  enough, th e  dredge which 
came up in  th a t condition contained th e  unique 
exam ple of an  echinoderm never found before or 
since.

The th ick  inner edges of th e  scrapers are perforated 
by round holes a t distances of about an  inch, and 
th rough  these, strong iron  rings about an  inch in  
diam eter are passed, and  tw o or th ree  like rings ru n  
on th e  short rods w hich form  th e  ends of th e  dredge- 
frame. A  lig h t iron  rod ben t to  th e  form  of th e  
dredge opening usually runs th rough  these rings, and 
to  th is rod and  to  th e  rings th e  m outh of th e  dredge- 
bag is securely attached by stou t cord or strong 
copper wire.

I n  th e  dredge now before me, w hich has worked 
w ell and seen good service, th e  bag is tw o feet in  
depth, and is of hand-m ade net of very strong  tw ine, 
tho meshes half an  inch to  th e  side. So open 
a network would le t m any of th e  sm aller th ings 
through, and to  avoid th is th e  bottom  of tbe bag, to 
th e  height of about nine inches, is lined w ith  ‘ bread- 
bag,* a ligh t open k ind of canvas.

M any other m aterials have been used for dredge-
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bags, Raw  buffalo- aucl cow-hides ave very strong, 
b u t they  arc a p t to  become offensive. W hen  these 
arc used i t  is necessary to punch holes here and there 
to  let the w ater th rough  or to  leave the seams which 
arc sewed w ith  thongs a little  open. A nother bag 
which I  have used frequently  is m ade of sail-cloth, 
w ith a  window of strong brass w ire gauze le t in  on 
either side. N othing, however, seems to  m e so good 
as strong  cord netting . The w ater passes easily 
th rough  and carries w ith  it  a large p a rt of th e  fine 
mud, while enough m ud is retained by th e  bread- 
bag lin ing  in  th e  bottom  to  give a  fair sample of its 
contents. I t  m ay be said th a t m any sm all valuable 
objects m ay be washed th rough  th e  meshes of the 
upper p a r t of th e  dredge along w ith the mud, and 
th u s  lost ; bu t, on the other hand, if  th e  bag be very 
close it  is ap t to  get filled up w ith m ud a t  once, and 
to collect no th ing  more.

I t  is always well when dredging, a t  whatever 
depth, to  ascertain  th e  approxim ate depth  w ith  the 
lead before casting th e  dredge ; and the lead ought 
always to  be accom panied by a  protected therm om e
ter, for th e  subsequent hau l of th e  dredge w ill gain 
g reatly  in  value as an  observation in  geographical 
d istribu tion  if  i t  be accom panied by an  accurate note 
of th e  bottom  tem perature. F o r depths under 100 
fathom s the am ount of rope paid ou t should be a t 
least double th e  depth. U nder th ir ty  fathom s, where 
one generally works m ore rapidly, i t  should be more 
nearly th ree  times. This gives a good deal of slack 
before th e  dredge if  th e  boat be m oving very slowly, 
and  keeps th e  lip  of the dredge well dow n; and if  the 
boat be m oving too quickly through the w ater, by
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far th e  m ost common error in am ateu r dredging , 
from  the low angle a t  which th e  line is ly ing  in  th e  
w ater th e  dredge has its  best chance of ge tting  an  
occasional scrape. I t  is bad economy to  use too 
lig h t a  rope. F o r a  dredge such as th a t described, 
and  for work round th e  coasts of Europe a t  depths 
a tta inable  from  a  row-boat or yawi, I  w ould recom 
m end bolt-rope of th e  best R ussian  hem p, n o t less 
th a n  one and a h a lf inch in  circumference, which 
should contain from  eighteen to  tw en ty  yarns 
in  three strands. Each yarn  should bear nearly  a 
hundredw eight, so th a t  th e  b reaking  s tra in  of such a 
rope ought to  be upw ards of a  ton. Of course i t  is 
never voluntarily  exposed to  such a  strain , b u t in 
shallow w ater th e  dredge is often caugh t am ong 
rocks or coral, and th e  rope ought to  be strong 
enough in  such a  case to  bring up  th e  boat, even if  
there  were some little  way on. •

D redging in  sand or m ud, th e  dredge-rope m ay 
simply be passed through th e  double eye form ed by 
th e  extrem ities of th e  tw o arm s of th e  dredge ; b u t in 
rocky or unknow n ground i t  is be tte r to  fasten th e  
rope to th e  eye of one of th e  arm s only, and  to tie  the 
tw o eyes together w ith  about th ree or four tu rn s  of 
rope yarn . This breaks m uch m ore readily th a n  the 
dredge rope, so th a t if  th e  dredge get caught i t  is 
th e  first th ing  to  give way under a  s tra in , and  in 
doing so i t  very often so alters th e  position and form  
of th e  dredge as to  allow of its  extrication.

The dredge is slipped gently  over th e  side, e ither 
from  th e  bow or from  th e  stern—in  a sm all boat 
m ore usually  th e  la tte r— while th e re  is a  little  way 
on, and th e  direction which th e  rope takes ind i
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cates roughly w hether th e  dredge is going down 
properly. W hen  i t  reaches the ground and begins 
to  scrape, an  experienced hand upon th e  rope can 
usually a t  once detect a  trem or given to  th e  dredge 
by th e  scraper passing over the irregularities of the 
bottom. The due am ount of rope is th en  paid out, 
and th e  rope hitched to a bench or rollock-pin.

W hen  there is any th ing  of a cu rren t, from w hat
ever cause, it  is usually convenient to a ttach  a  weight 
v ary ing  from  fourteen pounds to  h a lf a  hundred
w eight, to  th e  rope th ree or four fathom s in  fron t of 
tlie dredge. This prevents in  some degree th e  lif t
ing  of th e  m outh of th e  dredge. I f  the w eight be 
attached nearer th e  dredge, i t  is ap t to  in jure delicate 
objects passing in.

T he boat should move very slowly, probably not 
faster th a n  a m ile an  hour. I n  still water, or w ith 
a very sligh t cu rren t, th e  dredge of course anchors 
th e  boat, and  oars or sails are necessary ; b u t if  
the boat be m oving a t  a ll i t  is a ll th a t is required. 
I  like best to dredge w ith  a  close-reefed sail before a 
lig h t wind, w ith  w eights, against a very sligh t tide 
or cu rren t ; b u t these are conditions which cannot 
always be commanded. The dredge m ay rem ain 
down from  a  q u a rte r of an  hour to  tw enty  m inutes, 
by w hich tim e, if  th ings go well, i t  ough t to  be 
fairly  filled.

I n  dredging from  a sm all boat th e  sim plest plan is 
for tw o or th ree m en to  h au l in  hand over hand and 
coil in  th e  bottom  of th e  boat. F o r a large yawi 
or yach t, and for depths beyond fifty fathom s, a 
w inch is a  g rea t assistance. T he rope takes a couple 
of tu rn s round th e  w inch, which is worked by two
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m en, while a th ird  takes i t  from th e  w inch and 
coils it.

D redging in  deep w ater—th a t is, a t  depths beyond 
200 fathom s—is a  m atter of some difficulty, and can 
scarcely be compassed with th e  ordinary  m achinery 
a t  th e  disposal of am ateurs. Deep-sea dredging can 
no doubt be carried on from a good-sized steam  yacht, 
b u t th e  appliances are so num erous and so bulky, 
and th e  work is so really hard, th a t i t  is scarcely 
compatible w ith pleasure-seeking.

I  do no t know th a t m uch im provem ent can be 
made upon th e  apparatus and m ethod employed in 
th e  ‘ P o rcu p in e’ in  1869 and 1870. I  w ill therefore 
describe her dredging gear and th e  dredging opera
tion carried on from her a t th e  g reatest depths in 
th e  Bay of Biscay, th a t  which tested  our resources 
m ost fully, somewhat in  detail.

The ‘ Porcupine * is a 382-ton gun-boat, fitted  up 
for th e  surveying service, in  which she has been em
ployed for some years past am ong th e  H ebrides, and 
la tterly  on th e  east coast of England. She was 
assigned for our special w ork in  1869, w ith all her 
ordinary surveying fittin g s ; and  certain  very im 
p o rtan t additions were m ade; am ong others th e  
double-cylinder donkey engine, w hich worked up 
to  about twelve horse-power, w ith  surging drum s 
of different sizes, large drum s for b ring ing  up ligh t 
w eights rapidly, and sm aller drum s for heavy work. 
This engine was set up  amidships, so th a t  lines could 
be led to  th e  drum s cither from fore or aft. The 
donkey-engine proved a m ost serviceable little  
m achine. AVe alm ost always used th e  large drum, 
both  in dredging and sounding ; and except on one
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or two occasions when an  enormous load, once 
nearly a ton , cam e up in th e  dredge-bay, it de
livered th e  rope steadily, a t  a  uniform  ra te  of more 
th an  a loot per second, for th e  whole summer.

A  powerful derrick projected over the port bow. 
A large block was suspended a t th e  end of tho 
derrick  by a rope which, as in  the case of th e  sound
ing-line, was no t d irectly  attached to th e  spar bu t 
passed th rough  an  eye, and was attached  to  a  1 b itt ’ 
on deck. On a b igh t of th is rope was lashed a 
powerful accum ulator, th e  m achine already described 
(p. 222) as of so much use in  th e  m anagem ent of 
th e  sounding-line. In  dredging from a large vessel 
th e  ‘ accum ulator ’ is invaluable. F rom  th e  great 
s tren g th  of the springs th e  dredge is usually drawn 
along w ithou t stre tch ing  them  to  any great degree ; 
they become tense and ta u t, and yield, w ith  a  kind 
of s ligh t pulsation, to  the rise and laii of th e  vessel. 
AVhenever they ru n  out it  is a sure indication th a t 
either th e  dredge has caught or the w eight in  it is 
becom ing too great, and th a t the dredge rope ought 
to  be relieved by a tu rn  of the paddle-wheel or screw. 
Caro should be taken not to have th e  b ight of the 
rope to  which th e  accum ulator is attached more 
th a n  abou t tw ice th e  length  of th e  uustretehed 
springs. Springs in good order ought to stre tch  to 
m uch more th an  double th e ir length ; b u t it is unsafe 
to  try  them  too far, as a lash from one, if it were to 
give way, would be m ost serious. AVhen a  great 
s tra in  comes upon th e  rope, it acts lirst upon the 
accum ulator, pu lling  down the block and stretching 
th e  elastic ban d s; and a graduated scale on the der
rick, against which the accum ulator plays, gives in
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cwts. an  approxim ation a t  all events to the strain 
on th e  rope.

A second derrick, nearly equally strong, was rigged 
over th e  stern , and we dredged sometimes from one 
and  sometimes from the other. The stern derrick was, 
however, principally  used for sounding ; th e  letting- 
go board, &c., being fitted up in  connection w ith it. 
W e had an  excellent arrangem ent for stowing the 
dredge-rope in  th e  ‘ P orcupine;' an  arrangem ent 
which m ade its  m anipulation singularly  easy, no t
w ithstanding its  g rea t weight— about 5,500 lbs. A row 
of about tw enty  great iron  pins, about two and a half 
feet in  length , projected over one side of th e  quarte r
deck, ris ing  obliquely from th e  top of th e  bulw ark. 
Each of these held a  coil of from two to  th ree h un 
dred fathom s, and th e  rope was coiled continuously 
aloug th e  whole row (Pig. 40). W hen th e  dredge 
was going down, th e  rope was taken  rapidly by the 
m en from  these pins— ‘A un t Sallies’ we called them , 
from  th e ir ending over th e  deck in smooth white 
balls—in  succession, beginning w ith  the one nearest 
th e  dredging derrick ; and  in  hau ling  up, a relay of 
m en carried the rope along from  th e  surging drum 
of th e  donkey-engine and  laid i t  in  coils on th e  pins 
in inverse order. T hus, in  le ttin g  go, th e  rope 
passed to  th e  block of th e  derrick directly from the 
4 A u n t Sallies ; ’ in  hau ling  up , it  passed from the 
block to  th e  su rg ing  d rum  of th e  donkey-engine, 
from which it was taken  by th e  m en and coiled on 
th e  ‘ A u n t Sallies.’

T he leng th  of the dredge-rope was 3,000 fathoms, 
nearly  th ree  and  a h a lf  s ta tu te  miles. O f th is, 2,000 
fathom s were ‘ haw ser-laid,’ of th e  best Russian
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liemp, 2^ inches in  circumference, w ith  a  breaking 
s tra in  of 2 J tons. T he 1,000 fathom s n ex t th e  
dredge were c hawser-laid,* 2 inches in  circumference. 
A  R ussian  hem p rope appears to be th e  m ost su it
able. A  m anilla rope is considerably stronger for 
a steady pull, b u t th e  fibre is m ore b rittle  and  liable 
to  go a t a  ‘ kink.* I  have never seen a  wire-rope used, 
b u t I  should th in k  i t  would be liable to  th e  same 
objection. The ‘ Challenger * is to  be supplied w ith  
‘ whale-line * for her great expedition. T he fram e of 
one of th e  dredges w hich we used in  th e  Bay of 
Biscay is represented a t  F igs. 47 and 48. The leng th  of

th e  dredge-frame is 4 ft. 6 in., and i t  is 6 inches wide 
a t th e  th ro a t or narrow est p art. The dredge used in 
th e  deepest hau l was somewhat different. A bout 
half of each arm  n ex t th e  eye to w hich th e  rope was 
attached, was of heavy chain. I  doubt greatly, how
ever, if  th is is an  advantage. The chain drags along 
in  fron t of th e  dredge, and m ay possibly obstruct 
th e  entrance of objects and in jure them  m ore th an  a 
pair of rigid arm s would do. On one side th e  chain 
w as attached to  th e  arm  of th e  dredge by a stop of 
five tu rn s  of spun-yarn, so th a t  in  case of th e  dredge

P io .  47.—'The E n d  o f  th o  D redge fram e.
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becom ing en tangled  or wedged am ong rocks or 
stones, a  s tra in  less th a n  sufficient to  break  th e  
dredge rope would break th e  stop, a lte r the position 
of th e  dredge, and  probably enable i t  to  free itse lf ;

i

F io . -IS —D rcdgcfrnnio show ing the modo of a ttachm ent o f tho Bag. a . 8punyarn Stop.

and  in  case of its  tak in g  in  a g reater load of m ud 
th a n  th e  rope could b ring  up, th e  stop would like
wise give way and  allow th e  dredge to fall into such 
a  position th a t a  large p a rt of its contents would slip
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out. The w eight of the frame of th is dredge, th e
largest we ever used, was 225 lbs.; i t  was forged by
Messrs. H arland  and W olff of Belfast of th e  best 
Lowmoor iron. The dredge-bag was double—the 
outer of strong tw ine netting , th e  inner of bread-

bag. Three sinkers—one of 1 cwt., 
th e  o ther tw o of 56 lbs. each—were 
attached to  th e  dredge-rope a t  500 
fathom s from th e  dredge.

The operation of sounding a t a 
depth of 2,435 fathom s in  th e  Bay
of Biscay on th e  22nd of Ju ly , 1869,
has already been described in  detail. 
W hen th e  depth had  been accurately 
ascertained, abou t 4.45 p . m .  the 
dredge was le t go, th e  vessel drift
ing  slowly before a  m oderate breeze 
(force= 4 )  from th e  N .W . The 3,000 
fathom s of rope were all ou t a t  5.50 
p . m .  The diagram  (P ig . 50) will 
give an  idea of the various relative 
positions of th e  dredge and th e  vessel 
according to th e  p lan  of dredging 
adopted by C aptain  Calver, which 

F«o. 4».—The E nd nf th e  worked adm irably, and w hich ap- 
1 MeudtTurn11ntiimcnt pears, in  fact, to  be th e  only mode 

which would answer for great depths. 
a  represents th e  position of th e  vessel when the 

dredge is let go, and the dotted line a  b  th e  line of 
descent of th e  dredge, rendered oblique by th e  ten 
sion of the rope. W hile the dredge is going down 
th e  vessel drifts gradually to  leeward ; and when 
th e  whole (say) 3,000 fathom s of rope arc out, c, w,
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and d m igh t represent respectively the relative posi-

JVind

I’m. 50.—Diagram oí the  relativo position o f  tin* V essel, th e  W eights, and  tbo Dredge, in
dredging in  deep water.

tions of the vessel, the weight attached 500 fathoms
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from  tlie dredge, and th e  dredge itself. The vessel now 
steams slowly to  windward, occupying successively 
th e  positions e ,  f ,  g ,  and  h .  The weight, to  which 
th e  w ater offers b u t little  resistance, sinks from 
w  to  w', and th e  dredge and bag  m ore slowly from 
d  to  B. The vessel is now allowed to  drift back 
before th e  w ind from  h  towards c. The tension of 
th e  m otion of th e  vessel, instead of acting  im m edi
ately  on th e  dredge, now drags forw ard th e  weight 
w ', so th a t th e  dredging is carried on from  th e  
w eight and  no t directly from  th e  vessel. The 
dredge is thus quietly pulled along w ith  its lip 
scraping th e  bottom  in  th e  a ttitu d e  w hich it 
assumes from th e  centre of w eight of its  iron  fram e 
and arm s. If, on th e  o ther hand, th e  w eights 
were h ung  close to  th e  dredge, and th e  dredge were 
dragged directly from th e  vessel, owing to  th e  great 
w eight and spring of th e  rope th e  arm s would be 
continually lifted up and  th e  lip of th e  dredge pre
vented from  scraping. I n  very deep dredging this 
operation of steam ing up to  windward u n til  th e  
dredge-rope is nearly perpendicular, a fte r drifting 
for haii' an  hour or so to leeward, is usually 
repeated th ree or four times.

A t 8 .5 0  p .m . we began to  hau l in , and th e  ‘ A un t 
Sallies * to fill again. The donkey-engine delivered 
th e  rope a t  th e  rate  of ra th e r more th a n  a  foot per 
second, w ithout a single check. A  few m inutes 
before 1 a .m .  th e  weights appeared, and a  little  after 
one in  th e  morning, eight, hours after it  was cast 
over, the dredge was safely hauled • on deck, having 
in  th e  in terval accomplished a journey  of upw ards 
of eight s ta tu te  miles. The dredge contained cwt.
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of very characteristic pale grey A tlan tic  ooze. The 
to ta l w eight brought up by the engine was—

2 .000 fathom s, 2 J-inch  r o p o ......................................  4 ,000  lb9.
1.000 fathom s, 2-inch r o p o   1,500 „

5 ,5 0 0  lbs.

W eigh t o f ropo reduced to one-fourth in wotor =  1,375 lbs.
D redgo and  bag . • ........................................................ 2 7 5 , ,
Oozo b rough t u p .......................................................  108 „
W eig h t a t t a c h e d ........................................................  224  „

2,042 lbs.

M uch m ore experience will yet be necessary before 
we can assure ourselves th a t we have devised the 
dredge of th e  best form and w eight for work in  the 
deep sea. I  ra th e r th in k  th a t th e  dredges, 150 to 
225 lbs., which we have been in  th e  hab it of using, 
are too heavy. I n  m any instances we have had 
evidence th a t th e  dredge, instead of falling gently 
upon th e  surface and then  gliding along and gather
ing th e  loose th ings in  its  path , has fallen upon its 
m outh and dug  into th e  tenacious m ud, thereby 
clogging itself, so as to  adm it b u t little  more. I  
m ean to  try  th e  experim ent of heavier weights and 
ligh ter dredge-frames in  th e  ‘ Challenger,’ and I  
believe it  will be an  improvement.

I n  m any of our dredgings a t  all depths we found 
th a t, while few objects of in terest were brought up 
w ithin th e  dredge, m any echinoderma, corals, and 
sponges came to  th e  surface sticking to  the outside 
of th e  dredge-bag, and even to  th e  first few fathoms 
of th e  dredge-rope.

This suggested m any expedients, and finally
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C aptain Calver sent down half-a-dozen of th e  ‘sw abs’ 
used for washing th e  decks attached  to  th e  dredge. 
The resu lt • was marvellous. The tangled hemp 
brought up  everything rough and moveable which 
came in  its  way, and swept th e  bottom  as i t  m ight 
have swept th e  deck. Captain Calver’s invention in i
tia ted  a new era in  deep-sea dredging. A fter various 
experiments we came to  th e  conclusion th a t the 
best plan was to  attach  a long iron  transverse bar 
to th e  bottom  of th e  dredge-bag, and to  fasten large 
bunches of teazed-out hem p to  the free ends of th e  
bar (Fig. 51). W e now regard th e  ‘ hem pen tangles ’ 
as an  essential adjunct to th e  dredge nearly as 
im portant as th e  dredge itself, and  usually  m uch 
more conspicuous in  its  results. Sometimes, when 
the ground is too rough for ordinary dredging, we 
use th e  tangles alone. There is some danger, how
ever, in  the ir use. The dredge employed under the 
m ost favourable circum stances m ay be supposed or 
hoped to  pass over th e  surface of th e  floor of the 
sea for a  certain distance, picking up  th e  objects in  
its  p a th  which are perfectly free, and sm all enough 
to en ter th e  dredge m outh. I f  they chance to  be 
attached in  any way, th e  dredge rides over them . 
I f  they  exceed in  the least th e  w idth of th e  dredge- 
opening, a t the particu lar angle a t  which th e  dredge 
m ay present itse lf a t  th e  moment, they  are shoved 
aside and lost.

The M ollusca have by far th e  best chance of being 
fully represented in  investigations carried on by the 
dredge alone. Their shells are comparatively small 
solid bodies m ixed w ith  th e  stones on th e  bottom , 
and they en ter the dredge along with these. Echi no-
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devius, corals, and sponges, on the contrary, arc bulky 
objects, and arc frequently partially  buried in the

I 'm . iii.—LHvtlge XV¡Ui 'hem pon (angles.'

m ud or m ore or less firmly attached, so th a t the 
dredge generally misses them . "With the tangles it
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is th e  reverse. The smooth heavy shells are rarely  
brought up, while frequently the tangles loaded w ith 
th e  spiny spheres of Cidaris, g rea t white-bearded 
Holtenia?, glistening coils of Hyalonema , relieved by 
th e  crimson stars of Astropecten  and B risinga , p re
sen t as rem arkable an  appearance as can well be 
im agined. On one occasion, to  which I  have already 
referred, I  am  sure no t fewer than  20,000 examples 
of Echinus norvegicus came up on th e  tangles a t 
one haul. They were w arped through and through 
th e  hem pen fibres, and actually  filled th e  tangles 
so th a t we could no t get them  out, and they  hung  
for days round the bulw arks like nets of pickling 
onions in  a greengrocer’s shop. The use of the 
tangles, which seem so singularly  well adapted to 
th e ir capture, gives therefore a  to tally  unfair advan
tage to  th e  rad iate groups and the sponges, and  th is 
m ust always be taken  into  account in  estim ating 
th e ir proportion in  th e  fauna of a  particu lar area.

The tangles certainly  m ake a  sad mess of. th e  
specimens ; and th e  first feeling is one of woe, as we 
undertake th e  alm ost hopeless ta sk  of clipping out 
w ith  a  p a ir of short nail-scissors th e  m angled 
rem ains of sea-pens, th e  legs of rare  crabs, and 
th e  dismembered disks and separated arm s of delicate 
crinoids and ophiurida W e m u st console ourselves 
w ith  th e  com paratively few th ings w hich come up 
entire, sticking to  th e  outer fibres ; and w ith  th e  re
flection th a t had we no t used th is  somewhat ru th less 
means of capture th e  m utila ted  specimens would have 
rem ained unknow n to us a t th e  bottom  of th e  sea.

The dredge comes up variously freighted according 
to  th e  locality. U sually, if  dexterously managed,
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the bag is about h a lf full. If , from a great depth, 
beyond the reach of curren ts, where there  is only so 
slow a  movement of th e  mass of water th a t the finest 
sedim ent is no t carried away, i t  contains usually 
fine calcareous or alum inous m ud alone, w ith the 
anim als form ing th e  fauna of th e  locality distributed 
through it. I n  shallower w ater we m ay have sand 
or gravel, or stones of various sizes mixed w ith  m ud 
and sand.

The next step is to exam ine the contents of the 
dredge carefully, and to store th e  objects of search for 
fu tu re  use. The dredge is hauled on deck, and there 
arc two ways of em ptying it. W e m ay either tu rn  it  
up  and pour ou t its  contents by th e  m outh, or we 
m ay have a  contrivance by which th e  bottom  of the 
bag  m ay be m ade to  unlacc. The first p lan  is the 
sim plest and  th e  one m ost usually adopted. The 
second has th e  advantage of le tting  th e  mass out 
m ore sm oothly and easily, b u t th e  lacing yjtroduces 
ra th e r a  dam aging complication, as i t  is ap t to 
loosen or give way. I n  a  regularly  organized dredg
ing expedition, a  fram e is often arranged w ith a 
ledge round i t  to  receive th e  contents of th e  dredge, 
b u t it  does very well to capsize i t  on an  old piece of 
tarpau ling . A ny  objects visible on th e  surface of 
th e  heap are now carefully removed and placed for 
identification in  ja rs  or tu b s  of sea-water, of which 
there  should be a  num ber standing ready. The 
heap should no t be m uch disturbed, for th e  delicate 
objects contained in  i t  have already been unavoid
ably subjected to  a  good deal of rough usage, and 
the less friction am ong th e  stones th e  better.

Close to  th e  place where the dredge is emptied
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there  ought to  be oue or two tubs about two feet 
in  diam eter and tw enty inches deep, and each tub  
should be provided w ith  a  set of sieves so arranged 
th a t  the lowest sieve fits freely w ithin th e  bottom  
of the tub, and th e  th ree succeeding sieves fit freely 
w ith in  one another (Fig. 52). Each sieve is pro
vided w ith  a pair of iron  handles th rough  which 
th e  hand can pass easily, and  th e  handles of th e  
largest sieve are m ade long, so th a t th e  whole nest 
can be lifted w ithout stooping and  p u ttin g  th e  arms

F io . 62.—8ct o f Dredging Sieves.

in to  th e  water. The upper sm allest sieve is usually 
deeper th a n  the others ; i t  is  made of a  strong open 
ne t of brass wire, th e  meshes a half inch to  a  side. 
The second sieve is a good deal finer, th e  meshes 
a  quarte r inch to  a  side. The th ird  is finer still, 
and th e  fourth  so close as only to allow the passage 
of m ud or fine sand. The sieves are p u t into the 
tu b , and the tub filled up to th e  m iddle of th e  top 
sieve w ith sea-water. The top sieve is th en  half 
filled w ith th e  contents of th e  dredge, and  th e  set 
of sieves are gently moved up and down in  the
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water. I t  is  of great im portance not to  give any 
ro tatory  m otion to  th e  sieves in  th is p a rt of the 
process, for such is very ruinous to fragile organisms. 
The sieves should be gently churned up and  down, 
w hether singly or together. The result, of course, is 
th a t th e  rougher stones and  gravel and th e  larger 
organism s are washed and retained in  th e  upper 
sieve. The line m ud or sand passes through the 
whole of th e  sieves and subsides in to  th e  bottom  of 
th e  tu b , while the th ree rem aining sieves contain, in 
graduated  series, th e  objects of interm ediate size. 
The sieves are exam ined carefully in  succession, and 
th e  organism s w hich they contaiu gently removed 
w ith  a  pair of brass or bone forceps in to  th e  ja rs  
of sea-water, or placed a t  once in  bottles of weak 
sp irit of wine.

The scientilic value of a dredging operation de
pends m ainly upon two th ings,—the care w ith which 
th e  objects procured are preserved and labelled for 
fu tu re  identification and reference, and the accuracy 
w ith  which all th e  circumstances of the dredinn«*,O O 3
position, depth, n a lu rc  of ground, bottom  tem pera
tu re , date, &c., are recorded. "With regard to the 
preservation of the anim als, I  cannot here go into 
detail. There are m any ways of preserving, special 
to  th e  different invertebrate groups ; and ‘ taxiderm y * 
is in  itse lf a  complicated art. I  w ill m erely m en
tion one or two general points. A  specimen in 
alm ost every group is of infinitely greater scientific 
value if  it  be preserved en tire  w ith  its soft parts. 
For th is  purpose the m ost usual p lan  is to place it 
a t  once in  sp irit of w ine dilu ted  to  about proof. 
Caro m ust be taken  no t io p u t too m any specimens
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together in  one ja r , or they  w ill very shortly  become 
discoloured; and th e  ja rs  ought to  be looked to  care
fu lly  and th e  sp irit tested, and if  necessary renewed 
after they have been set aside for a  day or two, as 
sea anim als contain a large quan tity  of water. I n  
ho t weather, and if  th e  specimens be bulky, i t  is 
often be tte r to  use strong spirit. The ordinary 
m ethylated sp irit of commerce answers sufficiently 
well for ordinary purposes, though  if  a  specimen be 
reserved for m inute dissection, I  prefer using pure, 
or even absolute alcohol.

F or very delicate transparen t objects,— such as 
salpæ, siphonophora, polycystina, &c., — Goadby’s 
solution seems to  be preferable : b u t do w hat we 
m ay, a preserved specimen of one of these lovely 
objects is a  mere caput mortuum , a  melancholy sug
gestion of its  former beauty ; good only for th e  
dem onstration of anatom ical structure.

I n  preserving m arine anim als dry, as m uch of 
th e  soft p a rts  should be removed as possible, and 
replaced by tow or cotton, and th e  object to  be 
dried should be steeped in  several changes of fresh 
w ater to  get rid  of th e  whole of th e  salt, and then  
dried very thoroughly and no t too quickly. Every 
specimen, w hether dry or in  spirit, should be labelled 
a t once, w ith th e  num ber under which th is  particular 
dredging is entered in  th e  dredger’s note-book. I t  
is wonderful how soon th ings get in to  confusion 
if  th is  be no t rigorously attended to. The small 
paper tickets w ith  a fancy m argin  and gum m ed on 
th e  back, which haberdashers use for ticketing 
th e ir goods, are to  be had of all wholesale 
stationers a t  nom inal prices, and they are very con
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venient. T heir g rea t disadvantage is th a t  if  the 
bottles on w hich they are fixed get wet they  are apt 
to  come off.

Pencils are sold by seed-merchants for w riting on 
tallies w hich are to  be exposed to  rain. Perhaps 
th e  safest p lan  is to  m ark th e  num ber and date w ith  
such a  pencil on a shred of parchm ent or parch
m ent paper, and p u t  i t  into th e  bottle. This may 
seem a trifling  detail, b u t so great inconvenience 
constantly  arises from carelessness in  th is m atter, 
th a t  I  feei sure of th e  sym pathy of all who are 
in terested  in  th e  scientific aspect of dredging when 
I  insist upon th e  value of accurate labelling.

I t  is of even greater im portance th a t certain 
circum stances re la ting  to  every individual hau l of 
th e  dredge should be system atically noted, either 
in  th e  dredger’s diary, or on a special form prepared 
for th e  purpose. The precise position of the station 
ought to be defined in  shore dredging by giving 
th e  distance from  shore and th e  bearings of some 
fixed objects; in  ocean dredging by noting accurately 
th e  la titude and longitude. I n  th e  ‘ L igh tn ing ,’ in 
18G8, we dredged a t a  station about 100 miles to 
th e  no rth  of th e  B u tt of th e  Lews, and came upon 
a  singular assemblage of in teresting  anim al forms. 
N ex t year, in  th e  ‘ Porcupine,’ we were anxious to 
try  again th e  same spot to procure some additional 
specimens of a  sponge which we were studying. 
The position had  been accurately given in  th e  log 
of th e  ‘ L igh tn ing ,’ and th e  first hau l a t  a depth of 
upw ards of half a  m ile gave us th e  very same group 
of forms w hich we had  taken  th e  year before. On 
our re tu rn  Captain Calver again dropped the dredge
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upon th e  same spot, w ith like success. The depth 
in  fathom s should he carefully noted, as a m ost im 
p o rtan t elem ent in  determ ining th e  conditions of life 
and  distribution of species; and  the n a tu re  of the 
bottom —whether mud, sand, or gravel; and if  the 
la tte r, i t  is well to  sta te  th e  n a tu re  and composition 
of th e  pebbles, and if  possible th e  source from  which 
they  m ay probably have been derived. Now th a t 
we have in  th e  M iller-Casella therm om eter a reliable 
instrum ent for th is purpose, th e  bottom  tem perature 
ought always to  be noted. This is im portan t w hether 
in  shallow or in  deep w ater. I n  shallow w ater it  
gives a datum  for determ ining th e  range of annual 
variation of tem perature w hich can be endured by 
certain  species ; and a t  g reat depths i t  is even more 
im portant, as we are now aware th a t, ow ing to  the 
movement of masses of w ater a t  different tem pera
tu res in  various directions, to ta lly  different condi
tions of clim ate m ay ex ist in  deep w ater w ith in  a 
few miles of one another, and th e  lim its of these 
conditions can only be determ ined by direct experi
m ent. I t  is im portan t when determ ining th e  bottom  
tem perature to  note also th e  tem pera tu re  of the 
surface of th e  sea, th e  tem peratu re  of th e  air, the 
direction and force of th e  w ind, and  th e  general 
atm ospheric conditions. I f  th e  dredger be purely  a 
zoologist, having no particu lar in terest in  special 
physical problems, it  w ill s till be well w orth  his 
w hile to make a ll th e  observations indicated and to 
publish th e  results. These th en  pass in to  the 
hands of physical geographers, to  whom all tru s t
w orthy additions to  th e  m yriad of d a ta  w hich are 
required to arrive a t  a tru e  generalization of the
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phenom ena of th e  d istribu tion  of tem perature are 
m ost aeeeptable.

A t th e  B irm ingham  M eeting of th e  B ritish Asso-. 
d a tio n  in  1839 an  im portan t com mittee was ap
pointed “ for researches w ith  th e  dredge, w ith  a 
view to th e  investigation of th e  m arine zoology of 
G reat B ritain , th e  illu stra tion  of th e  geographical 
d istribu tion  of m arine anim als, and th e  more 
accurate determ ination of th e  fossils of th e  plio
cene period : under th e  superintendence of M r. 
G ray, M r. Forbes, M r. Goodsir, M r. Patterson , M r. 
Thom pson of Belfast, Mr. B all of D ublin , D r. George 
Johnston , M r. Sm ith  of Jo rd an  D ill, and M r. A. 
S trickland.” The appointm ent of th is  com mittee 
m ay be regarded as tho in itia tion  of th e  systematic 
em ploym ent of th is  m ethod of research. Edw ard 
Forbes was th e  ru ling  spirit, and  under th e  genial 
influence of his contagious enthusiasm  great pro
gress was m ade during  th e  nex t decade in  the know
ledge of th e  fauna of th e  B ritish seas, and m any 
w onderfully p leasant days were spent by the original 
com m ittee and  by m any others who, from year to 
year, were c added to  th e ir num ber/ Every annual 
repo rt of th e  B ritish  Association contained commu
nications from th e  English , th e  Scottish, or th e  Irish  
branches of th e  committee, and in  1850 Edward 
Forbes subm itted  its first general report on British 
m arine zoology. This report, as m igh t have been 
anticipated from th e  em inent qualifications of the 
reporter, was of th e  highest value; and taken  along 
w ith  his rem arkable memoirs previously published, 
“  on th e  d istribu tion  of th e  M ollusca and R adiata 
of the Æ gean Sea,” and  “ on the geological relations
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of th e  existing F au n a  and F lora of th e  B ritish  
Is le s /’ m ay be said to  m ark an  era in  th e  progress 
of hum an thought.

A fter enum erating  various additions to  our know
ledge of th e  d istribu tion  of m arine inverteb rata  
w ithin th e  B ritish  area which were still to  be de
sired, Forbes concludes h is report w ith  th e  following 
sentence : “ A nd lastly , though I  fear th e  consum 
m ation, however devoutly wished for, is  n o t likely 
soon to  be effected, a  series of dredgings between 
th e  Zetland and  th e  Fæ roe Isles, w here th e  greatest 
depth is under 700 fathom s, would throw  m ore ligh t 
on th e  n a tu ra l h istory  of the N o rth  A tlan tic  and 
on m arine zoology generally th an  any investigation 
th a t has yet been undertaken.”

To Forbes’s general report succeeded m any reports 
from th e  different sections in to  w hich from year to 
year th e  com mittee divided itself. Am ong these I  
m ay m ention particu larly  th e  very excellent work 
done by th e  Belfast dredging com mittee, com m uni
cated to  several m eetings of th e  A ssociation by the 
la te  M r. George G. H yn d m an ; th e  reports of th e  
D ublin  com m ittee by th e  la te  Professor K inahan  
and Professor E. Perceval W rig h t; th e  im portan t 
lists of th e  fauna of th e  E ast Coast of E ngland  re
ported on behalf of th e  N atu ra l H isto ry  Society of 
N orthum berland, D urham , and Newcastle-upon-Tyne, 
and  of th e  Tyne side N atu ra lists’ F ield  Club, by Mr. 
H enry  T. M ennell and  Mr. G. S. B rady ; and lastly  
th e  invaluable reports on th e  m arine fauna of the 
H ebrides and Shetland, compiled a t  an  extraordinary 
expense of labour, discomfort, and privation— doubt
less w ith an  im m ediate guerdon of infinite enjoyment
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— through  m any years, by Mr. Gwyn Jeffreys, Mr. 
Barloe, th e  Rev. A. M erle N orm an, and M r. Edward 
W aller, and  com m unicated to the Transactions of the 
Association from 18G3 to 18G8. The dredging com
m ittees of th e  B ritish  Association, combining th e  
pu rsu it of knowledge w ith  th e  recreation of the ir 
sum m er holidays, m ay be said to have worked ou t the 
fauna of th e  B ritish  area down to  th e  100-fathom 
line, for th e  dredger is now rarely  rewarded by a 
conspicuous novelty, and m ust be contented th a t the 
greater num ber of his additions to  th e  B ritish  list 
arc confined to  the more obscure groups.

M eanw hile some members of the dredging com
m ittee and  th e ir friends who had tim e and means 
a t  th e ir  disposal pushed th e ir operations farther 
a-field, and did good service on foreign shores. In  
1850, M r. M acAndrew published many valuable notes 
on th e  lusitan ian  and m editerranean faunæ ; and 
in  185G, a t  th e  request of th e  biological section of 
th e  B ritish  Association, he subm itted  to  the Chel
tenham  m eeting  a general “ report on th e  m arine 
testaceous m ollusca of the N orth-east A tlan tic  and 
neighbouring  seas, and th e  physical conditions affect
ing th e ir  development.” The field of these arduous 
labours extended from th e  Canary Islands to  the 
N o rth  Cape, over about 43 degrees of latitude, and 
m any  species arc recorded by him  as having been 
dredged a t depths between 1G0 and  200 fathom s off 
th e  coast of Norway. Subsequently, Mr. Gwyn 
Jeffreys w ent over some of th e  sam e ground, and 
m ade m any additions to the lists of his predecessors.

Nor were our neighbours idle. In  Scandinavia 
a b rillian t trium vira te—Lovén of Stockholm, Steen-
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strup  of Copenhagen, and M ichael Sars of Chris
tian ia—were m aking perpetual advances in  the 
knowledge of m arine zoology. M ilne-Edw ards was 
illu s tra tin g  th e  fauna of th e  coast of E rance, and 
Philippi, G rube, Oscar Schm idt, and others were 
continuing in  th e  M editerranean and th e  A driatic 
th e  work so well begun by D onati, Olivi, Risso, 
Delle Chiage, Poli, and C an tra ine ; while Deshayes 
and  Lacaze D uthiers illustra ted  th e  fauna of the 
.coast of A lgeria. So m uch progress had  already 
been made a t  hom e and abroad, th a t in  th e  year 
1854 Edw ard Eorbes considered th a t th e  tim e liad 
arrived for giving to  th e  public, a t  a ll events a  pre
lim inary sketch of th e  fauna of th e  E uropean  seas 
— a work w hich he commenced, b u t did no t live to 
finish..

I  need scarcely say th a t these operations of the 
B ritish  A ssociation dredging com m ittees were carried 
on generally under th e  idea th a t a t  th e  100-fathom 
line, by which am ateur work was practically  lim ited, 
they  approached th e  zero of anim al life—a  notion 
which was destined to be g radually  underm ined and 
finally completely overthrown. P rom  tim e to  tim e, 
however, there  were not w anting m en of g reat skill 
and experience to  m aintain , w ith Sir Jam es Clark 
Ross, th a t “ from however great a  depth we m ay be 
enabled to  b ring  up  th e  m ud and stones of th e  bed 
of the ocean, we shall find them  teem ing w ith anim al 
life.,, P rom  th e  very general prevalence of the 
negative view there was little  to stim ulate  to the 
investigation of th e  bottom  a t great depths, and data 
gathered very slowly.

I  have already referred (p. 18 at infra) to the
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observations of S ir Jo h n  Ross in 1818, of Sir 
Jam es Ross in  1810, and of Mr. H arry  Goodsir 
in  1815. I n  th e  year 1811 Professor Lovén con
tribu ted  a paper, “  on th e  bathym etrical distribu
tion  of subm arine life on th e  northern  shores of 
Scandinavia,”  to  (he B ritish  Association. H e says, 
“ W ith  us th e  region of deep-sea corals is character
ized in  th e  south by Oculina ramea and Terebratula, 
and  in  th e  no rth  by Astrophyton, Cidaris, Spatangus 
jjurpurcus  of an  immense size, all living; besides Gor
gonia  and th e  gigantic Alcyonium  arboreum , which 
continues as far down as any fisherm an’s line can be 
sunk. As to  th e  point where anim al life ceases, it  
m ust be somewhere, b u t w ith  us i t  is unknow n.” 1

I n  1SG3 th e  same n a tu ra lis t, referring to the 
resu lt of th e  Swedish Spitzbergen expedition of 
1861, when m ollusca, crustacea, and hydrozoa were 
brought up  from a depth of 1,100 fathom s, expresses 
th e  rem arkable opinion, which la ter investigations 
appear generally to support, th a t a t  g reat depths, 
wherever th e  bottom  is suitable, “ a  fauna of the 
same general character extends from pole to pole 
through a ll degrees of latitude, some of th e  species 
of th e  fauna being very widely d istributed.”  2

I n  18 LG K eferstein  m entions having seen in Stock
holm  a  whole collection of invertebrate anim als— 
crustacea, phascolosoma, annelids, spatangus, myrio
trochus, sponges, bryozoa, rhizopoda, &c.—taken a t 
a depth of 1,100 fathom s during  O. Torell’s Spitz-

1 R ep o rt o f  tlio F o u rtee n th  M eeting  o f  th e  B ritish  Association, held  
a t  Y ork in  Sep tem ber 1S44. (T ransactions o f th e  Sections, p. 50.)

2 F o rh . vod de ftknnd. N nturforskeres M üde i Stockholm , 18C3, 
p  384.



2 7 0 T H E  D E P T H S  O F T H E  SEA. [CHAP. VI.

bergen expedition in  th e  ‘ M aclean n e ts ,’ and in 
th e  same year O. Torell alludes to  one of th e  crus
taceans from th a t  depth  being of a  b rig h t colour.1

In  1816 C aptain  S p ra tt, R .N ., dredged a t  a  depth  
of 310 fathom s forty  miles east of M alta  a  num ber 
of m ollusca w hich have been subsequently exam ined 
by M r. Gwyn Jeffreys and  found to  be identical w ith 
species dredged a t  considerable depths in  th e  n o rth 
ern  seas during  th e  ‘ P o rcu p in e’ expedition. The 
lis t includes L eda  pellucida , P h i l i p p i  ; L eda  acu
minata , J e f f r e y s ; D enta lium  agile, S a r s ; D ela  
tenella, J e f f r e y s ; E ulim a stenostoma, J e f f r e y s ; 

Trophon barvicensis, J o h n s t o n  ; Pleurotoma cari
natum , B i y o n a ; and  P hiline  quadrata , S. V. W o o d . 

C aptain  S p ra tt observes th a t  he “  believed anim al 
life to  ex ist m uch lower, a lthough th e  general 
character of th e  Æ gean is to  lim it i t  to  300 
fathom s.’ *2

I n  1850 M ichael Sars, in  an  account o f a  zoolo
gical excursion in  E in land  and Loffoten, expressed 
h is conviction th a t th e re  is a  fu ll development of 
anim al life a t  considerable depths off th e  Norwegian 
coast. H e enum erated nineteen species taken  by 
him self a t  depths beyond 300 fathom s, and pointed 
ou t th a t two of these were th e  largest species 
know n of th e ir respective genera,3

1 N achrich ten  der K önigl. Gesellsch. d e r  W issensch. zu G ottingen. 
M ar z 1846.

2 O n th e  Influence o f  Tem perature upon  th e  D is trib u tio n  o f  th e  
F a u n a  in  th e  Æ gean  Sea. R eport o f th e  E ig h teen th  M eeting  o f th e  
B ritish  A ssociation, 1848.

3 B ere tn ing  om en i  Som m eren, 1849, foretagen zoologisk Reise i 
Lofoten og F inm arken . C hristiania, 1850.
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[ have referred likewise (p. 2G) to Professor 
F lccm ing Jen k in ’s notes on the living animals 
attached to the M editerranean cahlc a t a depth of 
1,200 fathom s, and to the results of Ur. AVallich’s 
special investigations on hoard 1I.M.S. ‘ Bull-dog.*

In  a general review of the progress of knowledge as 
to  the conditions of life a t  g reat depths, these investi
gations deserve special notice, as, even if  they m ust 
still be regarded as somewhat unsatisfactory, they 
distinctly  m ark  a stage in  advance. A lthough, from 
the imperfection of the means a t his disposal, Dr. 
AVallieh could not b ring  home evidence sufficient 
absolutely to satisfy others, he was convinced in  his 
own m ind from w hat he saw, th a t living beings high 
in th e  scale of organization m ight exist a t any depth 
in the ocean; be expounded clearly and forcibly 
the tra in  of reasoning which led him  to th is belief, 
and subsequent events have am ply justified his con
clusion. T he space a t  my disposal w ill no t allow 
m e to quote and discuss Dr. W allich’s argum ents, in 
some of which I  thoroughly  concur, while from 
others I  am  compelled to dissent. The facts were 
most im portan t, and th e ir significance increases now 
th a t they arc fully confirmed and illustrated  by ope
rations on a large scale. I n  la t. 59° 27' N., long. 
20° i l '  AV., a  depth  of 1,260 fathom s having been 
previously ascertained, “ a  new kind of deep-sea dredge 
was low ered; b u t in consequence of its partia l failure, 
a second apparatus (namely, the conical cup) was em
ployed, fifty fathom s of line in excess of th e  recorded 
depth  being paid out in  order to ensure the unchecked 
descent and im pact of the instrum ent a t th e  bottom. 
The dredge had already brought up  a small quantity
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of unusually  fine globigerina deposit and some small 
stones. The second instrum ent came up quite fu ll of 
th e  deposit ; b u t it  was neither so free from am orphous 
m atter, nor did i t  contain any of th e  sm all stones. 
A dhering, however, to  th e  last fifty fathom s of line, 
which had rested on th e  ground for several moments, 
were th irteen  ophiocomae, varying in  diam eter across 
th e  arms from tw o to  five inches.” T he m isfortune 
of these star-fishes was th a t  they  did no t go in to  the 
dredge ; had they done so, they would a t once have 
achieved im m ortality. Now, of course, we have no 
doubt th a t they  came from th e  bottom , bu t the ir 
irregu lar mode of appearance left, in  th e  condition 
of knowledge and prejudice a t  th e  tim e, a loophole 
for scepticism.

In  th ree  soundings, including th a t in  w hich the 
star-fishes were obtained, a t  1,260, 1,913, and  1,268 
fathom s respectively, “  m inu te cylindrical tubes oc
curred, varying from  one-eightli to  h a lf an  inch in  
length, and from one-fiftieth to  one-tw entieth of an  
inch in  diameter. These were b u ilt up alm ost ex
clusively of very sm all globigerina shells, and still 
m ore m inute  calcareous debris cem ented together.” 
. . . . “ The shells form ing th e  outer layer of the 
tubes were colourless, and freed of all sarcodic 
m a tte r ; b u t th e  in ternal surface of th e  tu b u la r 
cylinder was lined w ith  a  delicate yet d istinct layer 
of reddish chitine.” Dr. W allich is satisfied th a t 
these tubes contained some species of annelid. “ In  
a  sounding taken  in  lat. 63° 31' N., long. 13° 45' W ., 
in  682 fathom s, a  portion of a sí??7;?¿Z«-tube five- 
tw elfths of an  inch in  length , and about tlirec- 
sixteenths of an inch in  diam eter, belonging to  a
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known species, caino up in sueli a condition as to 
leave no room for doubt th a t it  had been broken 
oil' tiie rock or stone to which it was adherent by 
the sounding-m achine, and th a t the anim al was 
liv iu g ; w hilst a  sm aller Serpula  and a cluster of 
apparently  living polyzoa were adherent to  its ex
ternal surface. A m inute Spirorbis also occurred in 
th is sounding. Lastly, from a depth of 4-15 fathoms, 
w ithin a short distance of the south coast of Iceland, 
a couple of living amphipod crustaceans were ob
tained, and a filamentous annelid about three-quarters 
of an  inch in length .” Basing his opinion principally 
upon these facts, D r. W allich, in conclusion, subm its 
several propositions, the two m ost im portant of which 
may be said to anticipate th e  more rem arkable results 
of our subsequent work. As the o thers are merely 
founded upon w hat I  conceive to  be a  mistaken 
determ ination of the anim al species captured, I need 
not now quote them .1

1. T he conditions prevailing a t  great depths, 
a lthough differing m aterially from those which pre
vail a t  the surface of th e  ocean, arc not incompatible 
w ith  th e  m aintenance of anim al life.

* * • • • • «
fci5. The discovery of even a single species, living 

norm ally a t  great depths, w arrants th e  inference tha t 
the deep sea has its own special fauna, and th a t it  has 
always had it in  ages p ast ; and hence th a t many 
fossiliferous s tra ta  heretofore regarded as having been

1 A nil sec Professor .Sars’ “  lïem æ rkn inger over d o t dyrisko  Li vs 
U dbredu ing  i I la  vets D ybdcr, uicd scurligt H ensyn  til c t nf D r. 
W alindi i 1 .oud«m u y ii"  u d kom m et S k rift, ‘ T he X o rlh  A llan tic  .Sea
b e d ." ’ (Y id . îx lsk . Furliand lin jîcr for ISiM.)
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deposited in  comparatively sliallow water, liave been 
deposited a t  great depths.” 1 

I n  1864, Professor Sars m ade a  great addition to 
his lis t of species from depths of from 200 to 300 
fathom s off th e  coast of Norway. I le  rem arks :— 
“ The species of anim als named are not certainly  very 
num erous (92), yet when we consider th a t m ost of 
them  were taken  accidentally, attached to th e  lines 
of th e  fishermen, and th a t only in  a  few instances the 
dredge was used a t  these g reat depths, i t  will be seen 
th a t there is a very in teresting  field here for the 
N atu ra lis t furnished w ith  th e  proper instrum ents.”

In  1868 Professor Sars m ade a  still fu rth er addi
tion  to th e  deep-sea fauna of th e  N orwegian Seas ; 
an  addition so im portant, th a t he rem arks “ th a t it 
is so great as to  give a  tolerably com plete idea of 
th e  general fauna of these coasts.” This increase of 
knowledge, Professor Sars states, is  alm ost entirely 
due to  th e  indefatigable labours of his son, G. O. 
Sars, an  Inspector of F isheries under th e  Swedish 
Government, who took advantage of th e  • opportuni
ties given by his occupation to  dredge down to  450 
fathom s on some parts of th e  coast, and am ong the 
Loffoten Islands. Sars likewise acknowledges many 
contributions from his old fellow-labourers, Danielssen 
and  Koren. The num ber of species from depths be
tween 250 and 450 fathom s on th e  coast of Norway 
now reaches 427, thus distributed  :—

j  Rhizopoda 
I PoriferaProtozoa n

1 N orth  A tlan tic  Seu bed, p . lf>4.
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Coelenterata .

Keli i nodorm ft bi .

V ennes

M ollusca

A rthropoda .

O f these 24 protozoa, 3 echinoderms, and 13 m ol
lusca are from  a depth  of 450 fathoms. Professor 
Sars adds : ct W e m ay say, according to  our present 
inform ation, th a t th e  tru e  deep-water belt commences 
a t  about 100 fathom s. The greater num ber of deep- 
sea species begin to  appear then, though sparingly, 
and they  increase in  num ber of individuals as we 
descend to  300 fathom s, or in  some cases to  450, 
w hen investigations have been carried so far. To 
w hat depth th is  belt extends, or w hether there is 
another below i t  of a different character, is not yet 
known.”  1

I n  tiie year 1864, M. Barboza du Bocage, D irector

1 F o rtsa tte  B oroæ rkninger over d e t dyriske L ivs U dbredn ing  i 
I la v e ts  D ybder, a f M . Sara. (V idensk.-Selsk. Forbandlinger for
1 8 6 8 .)

8pecle*.

{ H y d r o z o a .................................................. 2
A n th o z o a ................................................20

—  2 2

( C r in o id e a ...................................................2
A steridea, inc lud ing  O phiuridea . 21 

I E ch in o id ea .................................................. 5
" I lo lo th u r id e a .............................................8

—  3G
ƒ C ie p h y re a .................................................. 6
( A n n e l i d a ................................................51

—  57
P o ly zo a .......................................................35
T u n i c a t a ...................................................4
B ra c h io p o d a .............................................4
C o n ch ife ra ................................................37
C ep h a lo p h o ra ..........................................53

—  133
ƒ A ra c h n id a .................................................. 1
I C r u s ta c e a ..............................................105

  106
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of th e  N atu ra l H isto ry  M useum  of Lisbon, greatly 
surprised the zoological world by a  notice of the 
occurrence on th e  coast of P ortugal of w hisps of 
silicious spicules resem bling those of th e  H ya 
lonema of Ja p a n .1 They were b rough t up  by the 
Setubal shark-fishers, who, i t  seemed—an equally sin
gular circum stance—plied th e ir vocation a t a  depth 
of 500 fathom s. Professor Perceval W righ t, anxious 
to  ascertain th e  fu ll history of th e  case and to 
get Hyalonema  in  a fresh state, w ent to  Lisbon 
in  th e  au tum n  of 1868, and  w ith th e  assistance of 
Professor du Bocage and some of his friends procured 
a t  Setubal an  open boat and a  crew of eigh t men, 
w ith  "  600 fathom s of rope, th e  dredge, lo ts of hooks 
and bait, and provisions for a  couple of days. Leav
ing  th e  port of Setubal a little  before five o'clock in 
th e  evening, we, after a fa ir n ig h t’s sailing, reached 
w hat th e  fishermen signed to  m e to be th e  edge of 
th e  deep-sea valley, w here they  were in  th e  hab it 
of fishing for sharks, and there , while thus engaged, 
they  had found th e  Hyalonema . I t  was now about 
five o'clock in  the m orning ; and the m en, having had 
th e ir  breakfast, p u t th e  boat up to  th e  w ind, and let 
down the dredge ; before i t  reached th e  bottom , about 
480 fathom s of rope were, ru n  out, some th ir ty  more 
were allowed for slack, and th en  we gently  drew i t — 
by hoisting a small foresail—for th e  distance of about 
a  m ile along th e  bottom . I t  required th e  united 
efforts of six men, hauling  th e  line hand over hand, 
w ith  th e  assistance of a  double pulley-block, to  pu ll 
in  th e  dredge : th e  tim e th u s  occupied was ju s t an

1 Proceedings o f th e  Zoological Society o f L ondon for th e  Y ear 
1804, p. 205.
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Iiour. The dredge w íis  nearly lull of a tenacious 
yellowish m ud, th rough which sparkled innumerable 
long spicules of th e  Hyalonema ; indeed, if  you drew 
your lingers slowly through th e  mud, you would 
thereby gather a handful of these spicules. One 
specimen of Hyalonema, w ith th e  long spicules in 
serted in to  th e  mud and crowned w ith its expanded 
sponge-like portions, rew arded my first a ttem pt a t 
dredging a t  sueli a  depth .” 1 This dredging is of 
especial in terest, for i t  shows th a t although difficult 
and laborious, and attended with a certain am ount of 
risk, it is not impossible in an open boat and w ith a 
crew of alien fishermen, to test the natu re  of the 
bottom  and th e  character of th e  fauna, even to  the 
great depth of 500 fathoms.

In  th e  year 18G8, Count L. F . de Pourtales, one 
of th e  officers employed in th e  U nited States Coast 
Survey under Professor Pierce, commenced a series of 
deep dredgings across th e  gulf-strcam  off the coast of 
F lorida ; which were continued in th e  following year, 
and were productive of most valuable results. Many 
im portan t memoirs a t the hands of C ount Pourtales, 
Mr. A lexander Agassiz, M r. Theodore Lyman and 
others, have since enriched the pages of the B ulletin of 
th e  M useum  of Com parative Zoology, and have greatly 
extended our knowledge of the deep-sea gulf-stream  
fauna ; and m uch inform ation has been gained as to 
th e  n a tu re  of the bottom  in those regions, and the 
changes which arc there tak ing  place. U nfortunately 
a large p a r t of the collections were in Chicago in the

1 X ules on I>t?i*p-seu D redging , by  Edw ard Perceval W right, M .J \ .  
F .L .S ., fu n a  llie  A nnals  an d  M agazine o f  N atural H isto ry  for 
1 Kt c ii»l»er IS bs.
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hands of Dr. Stim pson for description a t th e  tim e 
of th e  terrib le catastrophe which la id  a  g rea t p a rt 
of th a t city  in  ashes, and were destroyed ; b u t, by 
a  singularly  fo rtunate  accident, our colleague M r. 
Gwyn Jeffreys happened to  be in  Chicago shortly 
before th e  fire, and Dr. Stim pson gave h im  a  series 
o f duplicates of th e  m ollusca for comparison w ith  
th e  species dredged in  th e  ‘ Porcupine,’ and  a  v a lu 
able rem nan t was th u s  saved. M. de Pourtales, 
w riting to  one of th e  editors of S illim an’s Jo u rn a l 
on th e  20th of September, 18G8, says : “  The dredg
ings were made outside th e  F lo rida  reef, a t  the 
same tim e as th e  deep-sea soundings, in  lines ex
tend ing  from th e  reef to a  depth  of abou t 400 to 
500 fathom s, so as to  develop th e  figure of th e  
bottom , its  form ation and  fauna. Six such lines 
were sounded o u t and  dredged over in  th e  space 
comprised between Sandy B ay and  Coffin’s Patches. 
A ll of them  agree nearly  in  th e  following p a rticu 
lars : from  th e  reef to  about th e  100-fathom line, 
four or five m iles off, th e  bottom  consists chiefly 
of broken shells and very few corals, and  is ra th e r 
barren  of life. A second region extends from th e  
neighbourhood of th e  100-fathom  line to  abou t 300 
fathom s; th e  slope is very gradual, particu larly  
between 100 and 200 fathom s ; th e  bottom  is rocky, 
and is inhabited  by quite a  rich  fauna. The breadth  
of th is  band varies from  ten  to tw en ty  m iles. The 
th ird  region begins between 250 and 300 fathom s, 
and is th e  g rea t bed of foram inifera so widely ex
tended over th e  bottom  of th e  ocean.......................

“ F ro m  th e  th ird  region th e  dredges b rough t -up 
fewer though  no t less in teresting  specimens, the
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chief of w hich w as a new crinoid belonging to  the 
genus Jiourgitellicrini(8 of D ’O rbigny ; it may even 
be th e  species nam ed by him  B . hotessieri, which 
occurs fossil iii a  recent form ation in  Guadaloupe, 
but of which only small pieces of the stem  are 
known. I  obtained half-a-dozen specimens between 
230 and 300 fathom s, unfortunately  m ore or less 
injured by th e  dredge. The deepest cast made was 
in 517 fathom s; i t  gave a very handsome Mopsea 
and some annelids.” 1

The results of th e  ‘ L ightning* cruise in 1868, in 
which dredging was successfully carried down to 
650 fathom s, have already been recorded.

In  the sum m er of 1870, M r. M arshall H aii, F.G.S., 
w ith an  in terest in science which is unfortunately 
rare am ong yachtsm en, devoted his yacht ‘ Norna* 
to deep-sea dredging work during a  cruise along 
the coasts of Portugal and Spain. I f  we may judge 
by several prelim inary sketches which have from 
tim e to  tim e appeared a t  th e  hands of Mr. Saville 
Kent, the collections made during  this expedition 
m ust have been extensive aud valuable.2

The last researches in  order of tim e are those con
ducted on board U .M .S. ‘Porcupine* in  1869 and
1570. W ith  tlie use of a Governm ent surveying 
ship well found in  a ll necessary appliances every
th in g  was in  our favour, and, as has been already 
told, dredging was carried down to  2,135 fathoms ;

1 A m erican  J o u rn a l o f  Science, vol. xcvi. p. 413.
- Z oological l îe s u l ts  o f  th o  1S70 D red g in g  E x p e d itio n  o f  th e  Y ach t 

* N o rn a  '  oil* llie  coasts o f  S p a in  a n d  P o rtu g a l, co m m u n ica ted  to  th e  
B iological S ec tio n  o f  th e  B r it ish  A ssocia tion , E d in b u rg h , A u g u st
1571. N i i / ///"*', vol. ¡V. p. 10b.
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aud  tlie fact th a t there is an  abundant 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 of inquiry  has been opened 
up, bu t its cu lture is terrib ly  laborious. Every haul 
of the dredge brings to  light new and unfam iliar 
form s—forms, which link themselves strangely w ith 
the inhabitants of past periods in the earth ’s history ; 
b u t as yet we have not th e  data  for generalizing the 
deep-sea fauna, and speculating on its geological 
and biological relations ; for notw ithstanding all our 
strength and will, the area of the bottom  of the 
deep sea which has been fairly dredged m ay still 
be reckoned by the square yard.

F U O k O  " » - R C I M  T i l  K E A S T E R N  S U O H K  OI" V I D K I I O . "
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APPENDIX A.

One o f  the D m h jin y  P apers issued by the B r itish  Association  
Committee, f i l le d  u p  by M r. M acA ndrew .

D RED G IN G  P A P E R  No. 5.

Date.—7th of June, 1849.
Locality.—Off Malta.
Depth.—40 fathoms.
Distance from  Shore.— 1 to 2 miles.
Ground.—Sand and stones.
Region.—

Species obtained.

Dentalium dentalis . . . .  
„  rubescens, or fissura

>* tarentinum, var. (?)

Oæcum trachea . . . .  
Ditrupa coarctata, or strangu

lata ......................................

»  a  » >  > »  »»

Corbula n u c l e u s ......................
Neærn c u sp id a ta ......................

„  c o s tu la ta ......................
Pandora o b t u s a ......................
Psammobia ferroensis . . .
Tellina d i s t o r t a ......................

„  balaustina......................
„  se rra ta ...........................
„  d e p r e s s a ......................

Syndosmya tenuis/(prismatica?) 
Venus o v a t a ...........................

No. o f  living 
Bpocimcnu.

Numerous.

Several.

Several.

Ï
2

No. of denrt 
specimens.

1 and valves.
2 and valves.

Valves.
1 and valves.

1 and valves. 
1 valve. 
Valves. 
Valves.

ObsorvatiooB.

Striated with an 
undulated ap
pearance.

W ith a  notched 
apex.
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8prcicN obtained. No. of living 
speelmens.

No. or dead 
specimens. Observations.

Astarte incrassata? . . . . 8
( Sulca ted to the 
< margin, some of

Cardium papillosum . . . .  
„  minimum . . . .  

laevigatum . . . .

1
1

Valve.

( them radiated.

Cardita squamosa.....................
Lucina s p in ife ra .....................
Diplodonta rotundata . . .

5
5

1 valve.
Modiola b a r b a ta ..................... ' i ’
Nucula n u c l e u s ..................... Several.
Leda em arg inata .....................

„  s t r i a t a ...........................
Arca tetragona...........................

„  a n t i q u a t a .....................

3
4 
8

1 valve.
Pectunculus glycimeris . . . • • • 1 and valves.
Lima subauriculata . . . . Valves.
Pecten ja c o b se n i..................... Valves.

„  g ib b u s ........................... Valves.
„  polymorphus . . . . ... Valves.

testro................................
„  s im i l i s ...........................

1
Vulves.

„  s u l c a t u s ..................... ... 1 and valves.
Anomia patelliformis . .  . 

' Pileopsis hungaricus. . . .
1

1
Bulla lig n a ria ........................... 1

„  c ran ch ii........................... 2
„  h y d a t is ........................... ... •4
„  s tr ia tu la ........................... ••• 1

Rissoa b ru g u ie r i ..................... 3
„  carinata (costata). . . ... 2

„  acuta, var........................ 5
( Longer, destitute 
\  ot ribs, one

„ desmarestii . . . . 3
( very large.

»* » . . . . 4 \ Like cimex, but 
1 minute.

Natica m acilen ta.....................
Eulima p o l i ta ...........................

2 
• • • 1

„ d i s t o r t a ..................... ... 1
Chemnitzia varicosa . . . . 4 Imperfect.

„  elegantissima . . 4
„  indistincta (?) . . ... 2

•»»* »» • 
Eulimella acicula..................... 1

•j

Trochus tenuis, or dubius . . ... 1
». .......................
„  montagui . . . .

Several.
1
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Si ht les obtained.

Trochus m ontagui
%T urritella terebra  . .

„  tricostalis . 
Cerithum  vulgatum , var 

„  reticulatum
»  .  i l

Kusus m uricatus . .

ricurotom a nanum  .
„ secalinum 

M urex tetrap terus . 
Chenopus pes-pelccani 
Buccinum I . . .  .
M itra  ebenea . . .

Ringicula auriculata . 
M arginella secalina .

„  clandestina 
Cyprica pulex . . . 
C idaris histrix . . . 
Zoophytes . . . .  
A lg æ ............................

No. of living 
spuelnicnu.

Few.
1

3
Several.

No. of dead 
Hpecliucnu.

Several.
Several.

1
Several.

2

2
4

Several.
2

Observations.

Small.

White.

Thia species at 
Gibraltar.

( B right orange 
< colour, banded, 
(  small, striated



CHAPTER VII.

D E E P -S E A  T E M P E R A T U R E S .

O cean C u rren ts  an d  th e ir  general Effects on  C lim ate.— D eterm ination  
o f Surface T em peratures.— D eep-sea T herm om eters.— T h e  o rd inary  
Self-registering T herm om eter on  S ix ’s p rin c ip le .— T h e  M iller- 
Casella m odification.— T h e  T em perature  O bservations tak en  du rin g  
th e  T hree  Cruises o f H .M .S . 1 P orcup ine  ’ in  th e  y ear 186 9 , etc.

A p p e n d i x  A .— Surface T em peratures observed  on  board  H .M .S .
‘ P o rc u p in e ’ du rin g  th e  S um m ers o f  1869 an d  1870.

A p p e n d i x  B .—T em perature  o f th e  Sea a t  d ifferen t D e p th s  n ear th e  
E as te rn  M argin  o f th e  N o rth  A tlan tic  B asin, as ascerta ined  by  
S eria l an d  by  B ottom  Soundings.

A p p e n d i x  C .— C om parativo R a tes  o f R eduction  o f T em perature  w ith  
Increase o f  D e p th  a t  T h ree  S ta tio n s  in  d ifferent L a titu d es , a ll  o f 
th em  on  th e  E as te rn  M argin  o f th e  A tla n tic  Basin.

A p p e n d i x  D .— T em perature  o f th e  Sea a t  d ifferen t D e p th s  in  th e  
W arm  an d  Cold A reas ly ing  betw een th e  N o rth  o f Scotland, 
th e  S h e tlan d  Is lan d s, and  th e  Fæ roe Is la n d s  ; as ascerta ined  by 
Serial an d  by  B o ttom  Soundings.

A p p e n d i x  E .— In te rm ed ia te  B ottom  T em peratures show ing th e  In te r 
m ix tu re  o f  W arm  a n d  C old  C u rren ts  on  th e  B orders o f th e  
W arm  an d  Cold Areas.

I f  th e  surface of th is world of ours were one 
uniform  shell of dry land, o ther circum stances of 
its  cen tra l heat, its relation  in  position to  th e  sun, 
and to  its  investing atm ospheric envelope, rem aining 
th e  same, some zones would present certain  pecu-
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liarities in tem perature, owing to the m ixture of 
hot and cold cu rren ts of a ir  ; b u t in  the main, iso
therm al lines, th a t  is  to  say, lines drawn through 
places having th e  sam e m ean tem perature, would 
coincide w ith  parallels of la titude. A  glance a t  any 
isotherm al chart, w hether for th e  whole year, for 
sum m er, for w inter, or for a single m onth, will show 
th a t th is  is fa r from  being th e  case. The lines of 
equal tem peratu re  deviate everywhere, and often 
most widely, from  th e ir norm al parallelism  w ith the 
parallels of la titu d e  and w ith each other. A glance 
a t th e  sam e chart will also show, th a t while there 
is an  a ttem pt, as i t  were, on th e  p a rt of th e  iso
therm al lines to  m ain tain  th e ir norm al direction 
th rough  th e  centre of great continents, the most. 
m arked curves, indicating  the widest extensions of 
uniform  conditions of tem perature, are where there 
is a  wide s tre tch  of open sea extending through 
m any degrees of latitude, and consequently includ
ing  very different clim atal conditions.

The lands bordering upon th e  ocean partake in 
th is  general diffusion of heat and am elioration of 
climate, and  hence we have th e  difference between 
continental and  in su la r clim ates—th e  former giving 
extrem es o f sum m er heat and w inter cold, and the 
la tte r a  m uch m ore uniform  tem perature, somewhat 
below th e  no rm al tem peratu re w ith in  th e  tropics, 
and usually  g reatly  above i t  beyond th e ir limits.

The islands of Ire lan d  and G reat B rita in  and the 
west coast of th e  Scandinavian peninsula are in 
volved in  th e  m ost extrem e system  of abnormal 
curves w hich wc have in  any of th e  ocean basilis : 
and to  th is peculiarity  in the distribution of tern-
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perature in  th e  N orth  A tlan tic  we are indebted for 
th e  singular m ildness of our w inter clim ate. The 
ch art PL V I I . ,  th e  general resu lt reduced from m any 
hundreds of thousands of individual observations, 
gives th e  d istribution of th e  lines of equal m ean 
tem perature for th e  surface of th e  N orth A tlan tic  
for th e  m onth of Ju ly  ; and i t  will be seen tha t 
th e  isotherms, instead of passing directly across the 
ocean, form  a  series of loops w idening and flatten
ing  northwards, all participating  in  certain  secondary 
deflections which give them  a  scalloped appearance, 
b u t all of them  prim arily  referred to  some common 
cause of th e  d istribution of heat, having its  origin 
somewhere in  th e  region of th e  S tra its  of Florida.

These peculiarities in  th e  d istribu tion  of tem pera
tu re  on th e  surface of th e  sea m ay usually be very 
im m ediately traced  to  th e  movement of bodies of 
w ater to  and from regions where the w ater is exposed 
to  different clim atal conditions;— to warm or cold 
ocean currents, which m ake themselves m anifest like
wise by the ir transporting  power, th e ir effect in 
speeding or retard ing  vessels, or diverting them  from 
th e ir courses. F requently , however, th e  current, 
although possibly involving th e  m ovem ent of a  vast 
mass of w ater, and exerting a  powerful influence 
upon climate, is so slow as to  be im perceptible ; its  
steady onward progress being continually masked 
by local or variable currents, or by th e  d rift of the 
prevailing winds.

The Gulf-stream, the vast ‘ w arm  river ’ of th e  
N orth  A tlan tic , which produces th e  most rem ark
able and  valuable deviations of the isotherm al lines 
which we meet w ith in  any p a rt of th e  world, is in



c i i A P .  v i l .  I D  H E P S  E  A  T E M P E R A T U R E S. 287

th is way im perceptible by any direct effect upon 
navigation beyond th e  45 th  parallel of north  latitude, 
a  peculiarity  w hich has produced and still produces 
g reat misconceptions as to its  real character.

The mode of determ ining th e  surface tem perature 
of th e  ocean is sufficiently simple. A  bucket is 
let dowii from  th e  deck of th e  vessel, dashed about 
for a little  in  th e  w ater to  equalize th e  tem perature, 
and  filled from a depth  of a  foot or so below th e  sur
face. The tem perature of th e  w ater in  th e  bucket is 
th en  taken  by an  ordinary therm om eter, whose error 
is known. A  common therm om eter of th e  Kew 
Observatory p a tte rn  graduated to Pahrenlieit degrees 
can be read w ith  a  little  practice to  a quarter of a 
degree, and a  good-sized centigrade therm om eter to 
a  ten th . O bservations of surface-tem perature are 
usually  m ade every two hours, th e  tem peratuve of 
the air being taken  w ith  each observation, and the 
la titude  and  longitude noted a t  noon, or more fre
quently  by dead reckoning if  required.

E very observation of th e  surface-tem perature of 
th e  sea taken  accurately and accompanied by an 
equally exact no te  of th e  date, th e  geographical 
position, and  th e  tem perature of th e  air, is of value. 
The surface observations taken  from  H .M .8. ‘ Por
cu p in e’ during her dredging cruise, in  th e  summer 
of 1809, are given in A ppendix A.

The surface-tem perature of th e  N orth  A tlan tic  has 
been th e  subject of alm ost an  infinite num ber of such 
observations, m ore or less accurate. D r. Peterm ann, 
in a valuable paper on th e  northern  extension of 
the G ulf-stream , reduces th e  means of more than  a 
hundred thousand of these, and deduces the scheme



2 8 8 T H E  D E P T H S  OF T H E  SE A . [c h a i*. V II.

of curves which has been used w ith some slight 
modification in  the construction of th is chart.

U n til very recently little  or nothing has been 
known w ith  any certainty  about the tem perature of 
the sea a t depths below th e  surface. This is, however, 
a field of inquiry of very great im portance in  Physical 
Geography, as an  accurate determ ination of th e  tem 
peratu re  a t different depths is certainly th e  best, 
frequently the only available means of determ ining 
th e  depth, w idth, direction, and generally th e  path  of 
th e  warm ocean currents, which are th e  chief agents 
in  th e  diffusion of equatorial heat ; and m ore espe
cially of those deeper indraughts of frigid w ater 
which re tu rn  to  supply th e ir place and to  com
plete th e  general cycle of oceanic circulation. The 
m ain cause of th is  w an t of accurate knowledge of 
deep-sea tem peratures is undoubtedly the defective
ness of th e  instrum ents which have been h itherto  
employed.

The therm om eter which has been alm ost universally 
used for th is  purpose is the ordinary self-registering 
therm om eter on Six’s construction, enclosed in  a 
strong copper case, w ith  valves or apertures below 
and above to  allow a  free cu rren t of w ater to  pass 
through th e  case and over th e  surface of th e  
instrum ent. Six’s registering therm om eter (Pig*. 53) 
consists of a  glass tube bent in  the form  of a  Y, 
one lim b te rm inating  in  a large cylindrical bulb, 
entirely filled w ith  a  m ixture of creosote and  water. 
The bend of th e  tube contains a  colum n of mercury, 
and  th e  o ther limb ends in a  sm all bulb partia lly  
filled w ith  creosote and w ater, b u t w ith  a  largo 
space em pty, or ra th e r containing the vapour of the
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liquid and  slightly  compressed air. A  small steel 
index, w ith  a  h a ir tied  round i t  to  act as a  spring 
and m ain ta in  th e  index in  any position which it 
m ay assume, lies free in  th e  tu b e  among th e  creo
sote a t  either end of th e  colum n of mercury. This 
therm om eter gives its  indications solely by th e  con
traction  and expansion of th e  liqu id  in  th e  large full 
bulb, and  is consequently liable to  some slight error 
from th e  effect of variations of tem perature upon 
the liquids in  other p arts  of th e  tube. W hen the 
liquid in  th e  large bulb  expands, th e  column of m er
cury is driven upw ards towards th e  half-em pty bulb, 
and th e  lim b of th e  tu b e  in  which i t  rises is graduated 
from below upw ards for increasing heat. W hen th e  
liquid  contracts in  th e  bulb , th e  column of m ercury 
falls in  th is  lim b, b u t rises in  th e  lim b term inating in  
th e  fu ll bulb , w hich is graduated from above down- 
wards. W hen  th e  therm om eter is going to  he used the 
steel indices are draw n down in  each lim b of th e  tube 
by a strong m agnet, t i l l  they  rest on each side on 
th e  surface of th e  m ercury. W hen th e  therm om eter 
is brought up , the heigh t a t  which th e  lower end of 
th e  index stands in  each tu b e  indicates th e  lim it to 
which th e  index has been driven by th e  mercury, 
th e  extrem e of heat or cold to  which th e  instrum ent 
has been exposed.

U nfortunately , th e  accuracy of the ordinary Six’s 
therm om eter cannot he depended upon beyond a 
very lim ited depth, for th e  glass of th e  bulb which 
contains th e  expanding fluid yields to th e  pressure 
of th e  w ater, and, compressing th e  contained fluid, 
gives an  indication higher th an  is due to tem 
perature alone. This cause of error is not con-
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8tant in  its  action, as th e  am ount to which the 
bu lb  is compressed depends upon its  form  and upon 
the thickness and quality  ol' th e  glass ; th u s  the 
error of good therm om eters of th e  H ydrographic 
Office p a tte rn  varies from 7° C. to  10°*5 C. a t  a pres
sure of 6817  lbs. on th e  square inch, representing 
a depth of 2,500 fathom s. I n  thoroughly  well- 
constructed therm om eters, however, such as those 
m ade by Casella and Pastorelli for th e  English 
A dm iralty, th e  pressure error is tolerably constant ; 
and C aptain Davis, R .N ., who has lately  conducted 
im portan t experim ents on th is  po in t, expresses his 
opinion th a t by an  extended series of observations 
a  scale m igh t be obtained to  correct th e  th e r
mom eters h itherto  in  use to  a close approxim ation 
to  th e  tru th , and th u s  u tilize to  some ex ten t obser
vations which have been alrèady m ade w ith  our 
ordinary instrum ents.

I n  th e  ‘ L ig h tn in g ’ expedition in  1868 we used 
th e  ordinary H ydrographic Office p a tte rn , and a 
large num ber by  different m akers were sent w ith 
us for testing  and comparison. T he depths not 
being very great, th e  general tem peratu re  results 
came out well, and were am ong th e  m ost singular 
phenom ena w hich we had to  record. M any of th e  in 
strum ents were very wild a t a few hundred fathom s, 
and  several gave way under th e  pressure. On our 
re tu rn  in  A pril 1869, Dr. W . A . M iller, V .P .R .S ., 
a ttended  a m eeting of th e  Deep-Sea Com m ittee of 
th e  R oyal Society a t  th e  H ydrographic Office, 
and  proposed encasing th e  fu ll bulb  in  an  outer 
covering of glass containing air, in  order to  perm it 
th e  a ir  to  be compressed by th e  pressure of the
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C O L O

F io . 53.—Tho Millcr- 
Casetla motlillcailon 
o f  Six's 8olf-rceis- 
tcriDC thormomotcr. 
Tlio largo bu lb  Is 
doublo, w ith a  layer 
o f  liquid and  a  bell 
o f  vapour betweon 
th o  shells, to  relievo 
pressure.

w ater on the outer shell, and thus protecting the 
bulb  w ithin.

M r. Casella was directed to  construct some th e r
m om eters on th is  plan, only instead of 
being filled w ith  air, th e  outer shell 
was nearly filled w ith  alcohol warmed 
to  expel a  portion  of th e  rem aining 
air, and  th e  cham ber was th en  her
m etically sealed, leaving a  bell of a ir 
and  vapour of alcohol to  yield to  the 
pressure and  relieve th e  bulb within.
T he c M iller - Casella ’ therm om eter 
proved so nearly  perfection th a t  i t  was 
decided to adopt i t  in  fu ture, and to 
use i t  as a  standard  in  a  series of 
experim ents w hich were undertaken  
to  te s t th e  ordinary  Six’s therm o
m eters of th e  H ydrographic Office 
pattern . W e depended upon th is 
therm om eter alone in  our subsequent 
cruises in  th e  ‘ Porcupine,’ and  we 
found i t  m ost satisfactory. .During tlio 
sum m er of 1869 tem perature observa
tions were taken  a t  upw ards of ninety 
stations, a t  depths varying from 10 to 
2,435 fathom s. Two therm om eters, 
num bered 100 and  103 respectively 
were sent down a t  every station, and 
in  no instance did they give th e  least 
reason to  doubt th e ir accuracy. Every 
observation was taken  by C aptain Cal ver himself, 
th e  lead w ith  th e  therm om eters attached being in 
every single instance le t down by his own hand,
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and  I  have always regarded i t  as a  rem arkable 
evidence of m y friend’s care an d  skill th a t  he 
landed those two precious instrum ents a t  th e  end 
of th e  year safe back a t Woolwich.

F ig . 53 represents th e  la test im 
provem ents on th e  M iller-Casella 
modification of Six’s self-registering 
therm om eter. The in stru m en t is of 
sm all size, to  reduce as fa r as pos
sible th e  friction in  passing th ro u g h  
th e  water. The tu b e  is m ounted in  
ebonite, to  avoid th e  expansion of a 
wooden m ounting  in  th e  w ater, by 
which the in stru m en t is liab le to  
get jam m ed in  th e  case. T he scale 
is of w hite porcelain, g raduated  to  
F ahrenheit degrees; th e  la rg e  bulb 
is enclosed in  an  ou ter shell three- 
fourths filled w ith  alcohol and  her
m etically sealed. I t  is  r ig h t to 
m ention th a t  I  am  inform ed by 
S ir Edw ard Sabine th a t th e  ther-

protecting PPth 6  Miller- m om eters used by Sir Jo h n  Ross
C n a e lla th e rm o m o to r . T h e  .  .  ,  "  ,

Ä ' Ä i K S a ' T i  m  b l s  A r c t l c  v ° y a S e  111 1 8 1 8  w e r e
to™«*rreîÇuiroMgiia,er protected somewhat on th e  same

principle, and th a t  a therm om eter 
for resisting pressure was constructed under the 
directions of th e  la te  A dm iral F itzroy , a t  the 
suggestion of M r. Glaislier, w hich differed from 
th e  M iller-Casella pa tte rn  in little  else th an  th e  
outer shell being partia lly  filled w ith m ercury 
instead of alcohol, and in  being somewhat less 
compact and more fragile th an  th e  la tte r  instru-
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m en t.1 A  modification of Phillip’s maximum ther
m om eter devised by S ir W illiam  Thomson, in which 
th e  therm om eter is entirely encased in an  outer 
shell of glass p artly  filled w ith alcohol, appears to 
have th e  smallest error of all.

A  neat modification of B reguet’s metallic ther
mometer was designed by Joseph Saxton, Esq., of 
the U .S. Office of W eights and Measures, for the 
use of th e  U .S. Coast Survey. A  riband of 
p latinum  and one of silver are soldered w ith silver 
solder to  an  interm ediate p late of gold, and the 
compound riband  is coiled round a  central axis of 
brass, w ith  th e  silver w ithin. Silver is the most 
expansible of th e  m etals under th e  influence of 
heat, and p latinum  nearly the least. Gold holds an 
interm ediate place, and its intervention between th e  
p la tinum  and silver moderates the strain , and pre
vents th e  coil from cracking. The lower end of 
th e  coil is fixed to  the brazen axis, while the upper

1 I n  M essrs. N eg re tti and  Zam bra’s  lis t o f m eteorological inst rum ents 
pub lished  in  1864, a  deep-sea therm om eter on  th is  p lan  is m entioned 
(p. 90) : 11 T h e  therm om eters constructed  for th is  purpose do no t differ 
m ateria lly  from  those usually  made u n d e r the  denom ination o f S ix ’s 
therm om eters, excep t in  th e  following m ost im p o rtan t particu lars :— 
T h e  usual S ix’s therm om eters have a cen tral reservoir or cy linder 
con tain ing  alcohol ; th is  reservoir, w hich is  th e  only  portion o f the  
in s tru m en t like ly  to  bo affected by  pressure, has been, in  N egretti and  
Z am bra’s  now  instrum ent, superseded by a  s trong  ou ter cylinder of 
glass, contain ing  m ercury and  rarefied air. By th is  m eans th e  portion 
o f the  in s tru m en t susceptib le o f com pression has been so strengthened, 
th a t  no am oun t o f pressure can possibly m ake th e  in s tru m en t vary .” 
Som e obscurity  is in troduced  in to  th is  passage by  th e  use o f th e  word 
‘ su p e rsed ed ;’ b u t I  am  assured by  Messrs. N egretti and  Zam bra th a t 
in  princip le th is  in s tru m en t was exactly  th e  sam e as th a t devised by 
Professor M iller and  constructed  by M r. Casella.
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end is attached to  th e  base of a  short cylinder. 
Any variation of tem perature causes th e  coil to 
w ind or unwind, and  its  m otion acts to  ro ta te  th e  
axial stem. This m otion is magnified by m ultip ly
ing  wheels, and  is registered upon  th e  dial of the 
instrum ent by an  index w hich pushes before i t  a 
registering hand, m oving w ith  sufficient friction 
merely to  re ta in  its  place when th ru s t forward by 
th e  index hand of th e  therm om eter. The in s tru 
m ent is graduated by  trial. The brass and silver 
portions are th ick ly  g ilt by th e  electrotype process 
to  prevent the action of sea-water upon  them . The 
box which covers th e  coil and  indicatory p a r t of the 
therm om eter is merely to  protect i t  from  accidental 
in jury , and  is open so as to perm it th e  free passage 
of th e  sea-water. This in strum en t appears to  answer 
tolerably well for m oderate depths, i ts  error up  to  
600 fathom s no t greatly  exceeding 0o,5 C. ; a t  1,500 
fathom s, however, th e  error rises to  5° C., qu ite  as 
g reat as th a t of the unprotected Six’s therm om eters, 
and  th e  error is no t so constant. I t  is evident 
th a t  under great pressure little  confidence can be 
placed upon instrum ents w hich give th e ir indica
tions th rough  m etal machinery.

Before H.M .S. ‘ Porcupine ’ s tarted  on her sum m er 
cruise in  1869, a valuable series of experim ents were 
m ade upon th e  effect of pressure on various register
ing therm om eters a t  W oolwich, under th e  superin
tendence of th e  H ydrographer and of th e  Deep-Sea 
Committee of th e  Boyal Society. The object was to 
subject all th e  forms of deep-sea therm om eters in  use 
to  pressures in  a  hydraulic press, equivalent to  the 
pressures which they would encounter a t  different
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depths in  th e  ocean, to  determ ine th e  am ount and 
sources of error, to  ascertain  which was th e  most 
satisfactory in strum en t, and if  possible to  construct 
a  scale by w hich th e  observations h itherto  taken 
w ith  ordinary in strum ents m ig h t be roughly  cor
rected, so as to  he m ade available. As there was 
some difficulty in  ge tting  th e  use of a  suitable press, 
M r. Casella undertook to have a  testing  apparatus 
constructed a t  h is own place in  H a tto n  Garden, 
capable of producing a pressure of th ree  tons on 
the square inch.

The resu lts  were very in teresting .1 The first expe
rim ent w ent to  te s t th e  value of th e  various in s tru 
m ents. A  M iller-Casella therm om eter was placed in 
th e  cylinder w ith  No. 57, a  good therm om eter by 
Casella, of th e  ordinary H ydrographic Office p a tte rn , 
and th ey  w ere subjected together to  a  pressure of 
4,032 lbs., equal to  1,480 fathom s, w ith  th e  following 
resu lt :—

M inimum. Maximum.
Difference o f

Boforo. After. B e foro. After.
Maximum.

2

57

8°* 6 C. 

8  • 6

8°* 6 C. 

8 * 6

8°- 6  C. 

8 • 6

8°* 85 C. 

1 2 - 7 5

0°- 25 C. 

4 - 1 5

T h at is to  say, th e  tem perature  rem aining th e  same, 
th e  pressure forced up No. 57 to  12° 75 C., and left its 
index there.

> O n D eep  Sea Therm om eters, by  C ap tain  J .  K  D avis, IÎ.N . N ature, 
vol. iii. p . 124. A b rid g ed  from  a  P a p e r read  before th e  M eteorolo
g ical Society, A p ril 19 th , 1871.
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This experim ent a t  once proved th e  advantage of 
th e  encased bulb. I t  was repeated w ith  o ther th e r
mometers w ith  th e  sam e pressure and for th e  same 
period of tim e, and  it was found th a t  while th e  m ean 
difference of th e  encased bulbs was only 0° 95, th a t  of 
th e  ordinary deep-sea therm om eters was, as in  No. 57, 
7°-25. I t  follows, also, from these experim ents, th a t 
very nearly all th e  difference or erro r is due to  pres
sure on th e  fu ll bulb, and th a t  by encasing th a t  bulb 
we have a nearly perfect instrum ent.

The nex t series of experim ents was m ade to  esta
blish a  scale by which observations by th e  ordinary 
instrum ents m igh t be approxim ately corrected for 
pressure. T he following tab le  gives th e  errors of 
six therm om eters a t  different pressures. The 
‘ standard ’ is an  encased M iller-Casella, th e  last 
a registering m inim um  therm om eter by Casella 
enclosed in  a herm etically sealed glass tu b e  on Sir 
W illiam  Thom son’s plan.

P r e s s u r e
in

F n th o n iB .
S ta n d a r d . N o .  54. N o . 50. N o .  70. N o . 73. T h o m s o n .

250 0 ° -  4 C. 0°- 8 C. 1-  0  c . 0°- 7 C. 0°- 8 C. o°- 0  c .
500 0  • 4 1 • 7 1 - 5 1 • 4 1 • 7 0 * 0 5
750 0 * 7 2 - 2 2 - 2 2 - 3 2 • 5 0  * 0

1,000 0 - 8 2 * 9 2 * 9 2 - 7 2 - 7 0 • 2
1,250 0 • 9 3 -5 3 * 5 3 - 5 4 • 1 0 - 0 5
1,500 0 • 8 4 - 3 4  • 3 4 - 0 4 • 3 0*  3
1,750 0 - 9 5 4  • 6 4 -  9 4 - 7 5* 7 0 • 2
2,000 1 • 1 5 - 4 5  • 5 5 • 3 G • 4 0 • 3
2,250 1 • 1 6 • 2 6 • 0 6 • 0 G - 8 0 • 4
2,500 1 • 2 7 2 G • 7 6 * 5 7 • G 0 - 2

The m ean difference for each 250 fathom s in  each 
therm om eter is as follows :—
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Tlicrmomotcr. Difference.

S tan d a rd  ............................... +  0e* 12 C.
5 4 ..................................  . +  0 * 7 2
5 6 ........................................ +  0 - 6 7
7 6 ........................................ +  0  ‘ 65
7 3 ........................................ +  0 - 7 6
T h o m so n ............................... +  0 - 0 3

D uring  these experim ents th e  w ater in  th e  cylin
der was of course m ain tained  as far as possible a t 
th e  same—or a t  a know n tem p era tu re ; a  certain 
am ount of calorific effect m ust, however, be pro
duced by th e  sudden compression of th e  water, and 
th e  nex t series of experim ents was performed in  
order to determ ine th e  am ount of th a t  effect. Three 
of P h illip s’s encased m axim um  therm om eters (Sir 
W illiam  Thom son’s design), being entirely protected 
from  any effect from  compression, were employed for 
th is purpose, w ith  th e  following resu lt :—

Pressure, 6 ,817 lbs. =  2 ,500 fathom s.

Thonnoraotcr. Dlfforonco.

11,424 .....................................
9 ,649  .....................................
9 ,645 .....................................

+  O’- 05 C. 
+  0 * 2 2  
+  0 - 1 1

So th a t th is  source of error is absolutely trifling.
The tru e  erro r of th e  M iller-Casella therm ometer, 

as deduced from these observations, is—

P o r  250 fathom s 0 ”-070 C.
F o r  2 ,500 fathom s 0°'79 C.
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This, therefore, m ay be regarded as a  perfect in s tru 
m ent for all ordinary purposes.

A  num ber of th e  instrum ents w hich had  been 
previously tested  in  th e  press were sent ou t in  th e  
‘ Porcupine' on her sum m er cruise in  1869, and on 
her re tu rn  th e  results of C aptain  Calver's observa
tions a t different depths in  th e  ocean were carefully 
compared w ith  th e  effects of equivalent pressures ap
plied to  th e  therm om eters in  M r. Casella’s ‘ B ram ah’s 
press.’ The resu lt in  th e  ocean, contrary  to th a t  in  
th e  hydraulic press, proves th a t th e  elasticity is not 
regular or in  a  ratio  to  th e  pressure, b u t th a t  after 
continuing regular up to  a  pressure of 1,000 fathoms, 
i t  decreases in  a  compound ratio  to  a  pressure of 
2,000 fathom s, w hen its  elasticity  nearly  ceases.

The following tab le  gives an  abstract of the 
behaviour of Casella’s ordinary H ydrographic Office 
therm om eters in  th e  ocean and  in  th e  press :—

E b r o k P e b  2 6 0  F a t h o m s .

P re s s . O c e a n . P re s * . O c e a n .

F a th o m s .
250 0 - ' 726 C. 0°- 738 C. 0°- 726 C. 0°- 738 C.
500 1 - 5 4 8 1 - 5 6 4 0 - 7 7 4 0 •  782
750 2 - 1 2 3 2 - 2 2 3 0 - 7 0 8 0 - 7 4 1

1,000 2 - 4 7 4 3 - 0 1 5 0 - 6 7 4 0 - 7 5 4
1,250 3 • 255 3 - 4 0 2 0 - 6 5 1 0 - 6 9 8
1,500 4 • 107 3 - 9 2 1 0 - 6 8 4 0 - 6 5 3
1,750 4 - 5 5 5 4 - 0 5 6 0 • 650 0 - 5 7 9
2,000 5 • 354 4 • 284 0 - 6 6 9 0 - 5 3 6
2,250 6 - 0 2 1 — 0 -  669 —

2,500 6 - 8 1 7 0 • 682 —

F o r tak ing  bottom  tem peratures a t  great depths 
two or m ore of th e  M iller-Casella therm om eters are
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lashed to  th e  sounding-line a t  a  little  distance from 
one another, a  few feet above th e  attaching ring  of 
a ‘ d e tach in g ’ sounding instrum ent. The lead is 
run  down rapid ly , and, after th e  w eight has been 
disengaged by contact w ith  th e  ground, an  interval 
of five or ten  m inutes is allowed to  elapse before 
hauling  in. T he shorter of these periods seems to  
be qu ite  sufficient to  insure th e  instrum ent acquiring 
th e  tru e  tem perature. I n  tak in g  serial tem perature 
soundings—th a t is to  say, in  determ ining th e  tem 
perature a t  certa in  in tervals of depth  in  deep water 
—th e  therm om eters are attached  above an  ordinary 
deep-sea lead, th e  requ ired  quantity  of line for each 
observation of th e  series ru n  out, and th e  ther
m om eters and  lead  are hove in  each tim e. This is 
a  very tedious process ; one serial sounding in  the 
B ay of Biscay, where th e  depth was 850 fathoms 
and  th e  tem peratu re  was tak en  a t  every fifty 
fathom s, occupied a whole day.

I  ought to  m ention th a t in  tak ing  th e  bottom  
tem perature  w ith  th e  Six’s therm om eter th e  in stru 
m ent sim ply indicates th e  lowest tem perature to 
w hich i t  has been subjected ; so th a t  if  th e  bottom  
w ater were w arm er th a n  any o ther s tra tum  through 
w hich th e  therm om eter had passed, th e  observation 
would be erroneous. This is only to  be tested by 
serial soundings, b u t in  every locality  where the 
tem perature  w as observed during th e  ‘ P orcup ine’ 
expeditions th e  tem peratu re  g radually  sank, some
tim es very steadily, sometimes irregularly, from  the 
surface to  th e  bottom , th e  bottom  w ater having been 
constantly  th e  coldest. " I t  is probable th a t  under 
certain  conditions in  th e  P o lar seas, where the su r
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face is sometimes subjected to  intense cold, w arm er 
w ater m ay be found below, u n til th e  balance is 
restored by convection. This I  believe, however, to 
be entirely exceptional ; and  i t  m ay certa in ly  be 
taken  as th e  ru le  for a ll la titudes th a t if  we dis
regard th e  film which is affected by d iu rnal a ltera
tions, th e  tem perature sinks from th e  surface to  th e  
bottom.

The first im portan t series of deep-water tem pera
tu re  observations was m ade during  th e  A rctic  voyage 
under Sir Jo h n  Ross in  tjxe year 1818. O n Sept. th e  
1st, la t. 73° 37' N ., long. 77° 25' W ., th e  tem peratu re 
a t  th e  surface being l°-3 C., th e  reg istering  therm o
m eter gave a t  e igh ty  fathom s 0° C., and  a t  250 
fa th o m s—10,4 0 . O n th e  6 th  of Septem ber, lat. 
72° 23' N ., long. 73° 07' "W., th e  first serial sounding- 
on record was taken, th e  therm om eter having been le t 
down to  500, 600, 700, 800, and  1,000 fathom s in  
succession, th e  therm om eter showing each tim e a 
lower tem peratu re  and  indicating  a t  th e  g reatest 
depth nam ed a tem perature  of — 3°*6 C. O n th e  
1 9 th  of Septem ber, in  la t. 66° 50' N., long. 60° 30' 
W ., another serial sounding was taken, th e  tem pera
tu re  being registered a t  100 fathom s — 0°*9 C., a t  
200 -1°*7 C., a t  400 -2 °-2  C., and a t  660 fathom s 
— 3°*6 C. O n th e  4 th  of October, la t. 61° 41' N ., 
long. 62° 16' W ., S ir Jo h n  R oss sounded, b u t found 
no ground in  950 fathom s ; a t  th e  same tim e th e  
self-registering therm om eter was sent down, and  th e  
tem peratu re of th e  sea a t  th a t  depth  was found to 
be 2° C., w hile a t th e  surface i t  was 4° C., and th e  air 
a t  2°*7 C. I  am  inform ed by G eneral S ir Edw ard 
Sabine, who accompanied Sir Jo h n  R oss’s expedition,
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th a t these observations were made w ith  registering 
therm om eters guarded som ewhat in  th e  same way 
as those w hich we employed in  th e  * Porcupine.’ 
There is alm ost sufficient in te rn a l evidence th a t the 
mode of p ro tec ting  these therm om eters m ust have 
been satisfactory, for th e  tem peratures a t  th e  greatest 
depths are such as m igh t have been expected from 
M iller-Casella therm om eters. U nguarded in s tru 
m ents would certainly  have given higher indica
tions.

The la s t of th e  observations quoted, a  considerable 
way up D avis’ S tra it, is of g rea t interest. The tem 
peratu re  of th e  surface of th e  sea was nearly a 
degree and  a  h a lf  Centigrade above th a t of th e  air, 
and th e  tem perature  of th e  w ater was altogether 
unusually  h igh. I t  is  now well known th a t a t 
certa in  seasons of th e  year a  very m arked extension 
of th e  G ulf-stream  passes into th e  m outh of the 
S tra it. The isotherm s for September and Ju ly  are 
shown on th e  ch a rt from data k indly procured for 
me by M r. K eith  Johnston.

S ir Edw ard Sabine, in  an  ex tract from his pri
vate Jo u rn a l of S ir Jo h n  Ross’s voyage quoted by 
Dr. C arpen ter,1 gives a lower tem perature th an  any 
h itherto  recorded. H e  says : “  H aving sounded on 
Septem ber 19th , 1818, in  750 fathom s, th e  regis
tering  therm om eter was sen t down to  680 fathoms, 
and on com ing up th e  index of greatest cold was 
a t 25° 75 F ah renheit ( —3° 5 C.), never having known 
i t  lower th an  28° ( —2° 2 C.) in  form er instances, even 
a t a depth  of 1,000 fathom s; and a t  other times

1 D r. C arpen ter’s  P re lim inary  R eport on D eep-Sea Dredgings. P ro 
ceedings o f th e  Royal Society o f  London, vol. xvii. p. 186.
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w hen close to  th e  bottom , I  was very careful in  
exam ining th e  therm om eter, b u t could discover no 
other reason for i t  th a n  th e  ac tua l coldness of th e  
w ater.”

N otw ithstanding these observations and  several 
others te lling  in  th e  same direction,— such as those 
of L ieutenant Lee of th e  U .S. Coast Survey, who 
in  A ugust 1847 found a tem perature of 2°-7 C. below 
th e  Gulf-stream, a t  th e  dep th  of 1,000 fathom s, 
in  la t. 35° 26' N ., and long. 73° 12' W . ; and  of 
L ieu tenan t D aym an, who found th e  tem perature  
a t  1,000 fathom s, in  la t. 51° N . and  long. 40° W. 
to  be 0°-4 0 ., th e  surface tem peratu re  being 12° 5 C., 
th e  impression seems to  have prevailed am ong 
physicists and physical geographers th a t  sa lt w ater 
followed th e  same law as fresh w ater, a tta in in g  its 
g reatest density a t  a  tem perature of 4° C. The 
necessary resu lt of th is  condition, were i t  to  exist, 
is  th u s  sta ted  by  Sir Jo h n  H erschel : “  I n  very 
deep w ater all over th e  globe a  uniform  tem perature 
of 39° F ah renheit (4° C.) is found to  prevail ; while 
above th e  level w here th a t  tem pera tu re  is first 
reached, th e  ocean m ay be considered as divided 
in to  th ree  g reat regions or zones— an equatorial and 
tw o polar. I n  th e  form er of these w arm er, and in  
th e  la tte r  colder w ater is found on th e  surface. The 
lines of dem arkation are of course th e  tw o isotherm s 
o f 39° m ean annual tem peratu re .” D r. W allich  
gives an  excellent résumé of th is  curious fallacy. 
H e  says : “  B u t w hilst th e  tem perature  of th e  atm o
sphere beyond th e  line of perpetual congelation goes 
on gradually increasing, th a t of th e  w ater below th e  
isotherm al line rem ains constan t to  th e  bottom .
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W ere i t  n o t for th e  operation of th e  law on which 
th e  la tte r  phenom enon depends, th e  entire ocean 
w ould long since have become solidified, and both 
sea and land  rendered unfit for th e  habitation  of 
liv ing  organism s. U nlike o ther bodies which ex
pand and become lig h ter w ith  every rise in  tem pera
tu re , w ater a tta in s its  m axim um  density, n o t under 
th e  low est degree of cold, b u t a t  390,5 F ahrenheit; 
and  consequently so soon as th e  superficial layer 
of sea is cooled down to  th is degree, i t  descends, 
and allows a  fresh portion  to  ascend and be in  
tu rn  cooled. This process is continued u n til th e  
whole upper s tra tu m  is reduced in  tem perature to  
390,5, when, instead  of contracting further, i t  begins 
to  expand and  get lig h ter th a n  th e  w ater beneath, 
floats on it, becomes fu rth er cooled down, and  a t 
28°*5 is converted in to  ice. . . . Thus under the 
operation of an  apparently  exceptional law, the 
equilibrium  of th e  oceanic circulation is m aintained ; 
for w hilst a t  th e  equato r th e  m ean tem perature of 
th e  surface layer of w ater, w hich is 82°, gradually 
decreases, u n til a t  a  depth  of 1,200 fathom s i t  be
comes sta tionary  a t  390,5, and reta ins th a t  tem pera
tu re  to  th e  bottom , w ithin the P o lar regions and 
extending to  lat. 56° 25' in  either hemisphere, the 
tem perature increases from th e  surface downwards 
to  th e  isotherm al line, beyond w hich it remains 
uniform  as in  the form er case. Hence in  lat. 56° 25' 
th e  tem perature is uniform  th e  whole way from the 
surface to  th e  bo tto m ; and as has been found by 
observation about lat. 70°, th e  isotherm al line occurs 
a t 750 fathom s below th e  surface.’*1

1 D r. W ullich  : N o rth  A tlan tic  Sea-bed, p. 99.
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There can be no doubt th a t  th is  view, w hich of 
la te  years has received alm ost universal acceptance, 
is entirely erroneous. I t  has been shown by M. 
Despretz,1 as th e  resu lt of a  series of carefully con
ducted experiments which have since been frequently 
repeated and verified, th a t  sea-water, as a  saline 
solution, contracts and increases steadily in  density 
down to its freezing-point, w hich is, w hen kep t 
perfectly still, about — 30,67 0 . (25°*4I\), and  when 
agitated — 20,55 0 .

The tem perature observations of S ir Jam es Clarke 
Ross during  his A ntarctic voyage in  1840-41, 
seemed to  give support to  th e  theory of a  constant 
tem perature of 40,5 C. for deep water, b u t these obser
vations have as evidently been m ade w ith  unguarded 
instrum ents, as those of S ir Jo h n  Ross in  1818 w ith  
instrum ents defended from  pressure ; and although 
I  believe they  m ust be tak en  as proving th a t  in  
h igh  southern la titudes th e  surface tem perature is 
sometimes lower th a n  the tem perature of the w ater 
a t  a considerable depth beneath, s till th e  am ount of 
correction for pressure is uncertain, depending upon 
th e  construction of th e  therm om eters used, and  in  
any case i t  m ust reduce th e  difference considerably.

A  large num ber of therm om eters of th e  ordinary 
H ydrographic Office p a tte rn  were sen t ou t w ith  us, 
as I  have already m entioned, in  th e  ‘ L igh tn ing ,’ 
and these were of course th e  instrum ents used by 
Staff-Commander M ay for his tem perature obser
vations. There was an  opportunity of testing  these 
therm om eters, however, on th e  re tu rn  of th e  vessel,

1 Recherches su r le  M axim um  de  D ensité  des D isso lu tions aqueuses. 
Loc. cit.
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so th a t  we are tolerably certain  by actual experi
m ent of th e  am ount of tb e ir  error. I n  speaking 
of tlie * L igh tn ing  * tem peratures, I  mean, therefore, 
the ac tua l tem peratures taken  by th e  ordinary th e r
mometers, corrected approxim ately to th e  standard 
of th e  M iller-Casella therm om eters, afterwards used 
in th e  * Porcupine/

Leaving Stornoway in  th e  c L ig h tn in g / on th e  
11th of A ugust, 1868, and directing our course 
towards th e  Eæroe banks, we sounded in  500 fathom s 
about GO m iles to  th e  north-w est of th e  B u tt 
of th e  Lews, and took a bottom  tem perature of 
90,4  Cent, w ith  th e  ordinary Six's therm om eter— 
th e  only form  of the in strum en t in  use a t  th e  time. 
This, w hen corrected for pressure, gives about 7° 8 C. 
W e were surprised to  find th e  tem perature so high, 
and  we were a t  th e  tim e inclined to  th in k  th a t the 
observation, w hich was taken  in  a breeze of wind, 
was scarcely to  be depended upon. Subsequent 
observations, however, in  th e  same locality, con
firmed its  accuracy. O n th e  E&roe Banks, a t  a 
depth under 100 fathom s, th e  bottom  tem perature 
averaged 9° C., while th a t of th e  surface was about 
12° C. ; tem peratu re  indications on th is  bank were, 
however, of little  value, as th e  w ater is no doubt 
affected to some ex ten t th rough its  en tire  depth  by 
direct solar radiation. The n ex t observation was 
in  la t. G0° 45' N. and long. 4° 49' AV., a t  a depth 
of 510 fathom s, w ith  a  bottom  tem perature of 
— 0o,5 C., about 140 miles nearly  directly north  
of Cape W ra th . Then followed a  series of sound
ings, Nos. 7, 8, 10, and 11 of the ch a rt (P late I .) , 
taken while traversing  th e  northern  portion of the
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channel between Scotland and  th e  Eæroe p la teau  ; 
and giving, respectively, th e  tem peratures of —1°1, 
—1°*2, -0 °-7 , and  -0°-5C . No. 9, w ith  a  depth  of 
170 fathom s and  a  tem perature  of 5° C., is  excep
tio n a l; i t  is apparently  th e  top of a  circum scribed 
ridge or bank. W e dredged a t th is  s ta tion  and  got 
large num bers of th e  ra re  and  beautifu l Terebratula  
cranium ; b u t w hen we tried  for th e  same spot in  th e  
following year in  th e  * P orcup ine/ we could no t find 
i t . On the 6 th  of September we sounded and took 
tem peratures in  lat. 59° 36' N ., long. 7° 20' W ., in  
530 fathom s, w hen th e  m ean of three therm om eters, 
which only differed from one ano ther by about *3 
of a  degree, gave a bottom  tem perature of 6°’4  C. 
A  tem perature sounding, a t th e  m oderate depth  of 
189 fathom s, was taken  on th e  m orning of th e  7tli 
September in  lat. 59° 5' N., long. 7° 29' W ., and 
gave a  bottom  tem perature of 90,6 C. The three 
soundings, Nos. 13, 14, and  17, a t  th e  depths 650, 
570, and 620 fathom s, extending in to  th e  N orth  
A tlan tic  as far westward as long. 12° 36' W., gave 
a bottom  tem perature of 50,8, 6°*4, and 60,6 C., 
respectively.

The general resu lt of these observations we could 
no t b u t regard as very remarkable. The region 
which we had  somewhat im perfectly exam ined in 
cluded, in  the first place, th e  channel abou t a couple 
of hundred miles in  w idth, w ith  an  extrem e depth 
of ra ther under 600 fathom s, extending between the 
northern  boundary-line of th e  B ritish  plateau and 
th e  shoal which culminates in th e  Eæroe Islands 
and the ir extensive ban k s; and secondly, a  small 
portion of th e  N orth  A tlan tic  extending westwards
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and northw ards of th e  w estern entrance of th e  channel. 
W e found th a t in  these two areas, freely communi
cating  w ith  one another and in  im m ediate proxim ity, 
two to tally  different conditions of clim ate existed at 
all depths below th e  im m ediate surface, where they 
differed b u t slightly . I n  the Faeroe channel, a t  a 
depth  of 500 fathom s, th e  bottom  tem perature aver
aged —1°-0 C., while a t  a  like depth in  th e  A tlan tic  
th e  m inim um  index stood a t  + 6 °  C., a difference of 
7 degrees Centigrade, nearly 13 degrees F ahrenheit.

The conclusion a t  w hich w e’ speedily arrived as 
th e  only feasible explanation of these phenom ena 
was th a t  an  arctic stream  of frigid w ater crept from 
th e  north-eastw ard in to  th e  Faeroe channel ly ing  in 
th e  deeper p a rt of th e  trough, owing to  its  higher 
specific gravity  ; while a body of w ater warm ed even 
above th e  norm al tem perature of th e  la titude , and 
therefore coming from some southern source, was 
passing northw ards across its  w estern entrance and 
occupying th e  whole depth of th a t  comparatively 
shallow portion of th e  A tlan tic  from th e  surface to 
th e  bottom.

Several im portan t facts of very general applica
tion  in  Physical Geography had  been placed beyond 
doubt by these observations. I t  had been shown 
th a t  in  nature , as in  th e  experim ents of M. Despretz, 
sea-water does no t share in  th e  peculiarities of fresh 
w ater, which, as has been long known, a tta in s  its 
m axim um  density a t  4° C. ; b u t, like m ost other 
liquids, increases in  density to its freezing-point : and 
i t  had also been shown th a t, owing to  the movement 
o f great bodies of w ater a t  different tem peratures 
in different directions, we m ay have in  close proxi
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m ity two ocean areas w ith  to tally  different bottom  
clim ates—a fact which, taken  along w ith  th e  dis
covery of abundant anim al life a t a ll depths, has 
most im portan t bearings upon th e  d istribu tion  of 
m arine life, and upon th e  in terpretation  of palaeonto
logical data.

The conditions during  th e  4 L igh tn ing  ' cruise were 
so unfavourable to careful observation, th a t  we deter
m ined to take the earliest opportunity  of going over 
th is region again, and determ ining th e  lim its of these 
warm and cold areas, and investigating th e ir  con
ditions more in  detail. Accordingly, in  th e  follow
ing  year, w hen we had  H .M .S. * P o rcu p in e’ a t our 
disposal, D r. C arpenter and I  once m ore left Storno
way on th e  lo th  of A ugust, 1869. On th is occasion 
we had  everything in  our favour; th e  w eather was 
beautiful, th e  vessel suitable, and  we were provided 
w ith  M iller-Casella therm om eters on whose accuracy 
we could depend. A  tab le  of C aptain C a lv e ri valu
able therm om etrical observations during  th is  cruise 
is given in  A ppendix A  to  th is  chapter.

W e proceeded to  very nearly  th e  same spot where 
we had taken  our first sounding on th e  form er year, 
and took a  ^rarm  area tem perature of 70,7 C. Station 
No. 46 (P late IV.). W e th en  moved on slowly 
tow ards th e  Fzferoe fishing banks, finding in  succes
sion a t Stations 47, 49, and 50, — 60,5, 7°*6, and 70,9 C. 
A t Station 51, about 40 miles south of th e  bank, 
there was a decided fall of tem peratu re—th e  th e r
mom eter indicating 5° 6 C. a t a depth of 440 fathom s ; 
and about 20 miles directly northw ards a  sounding 
a t  S tation 52, lat. 60° 25' N ., long. 8° 10' W ., a t  a 
depth of only 380 fathoms, gave a m inim um  tern-
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pera tu re  of — 0o,8 C., showing th a t we had  passed 
th e  boundary, and were in  th e  c cold area.’

A t th is point we requested C aptain Calver to  take 
a  serial sounding, ascertaining th e  tem perature a t 
depths progressively increasing by 50 fathom s, which 
was done w ith th e  following resu lt :—

1 1 - - 8  C.
9 - 2 
8  - 4  
8  •  0 
7 - 5  
3 - 5  
0 -G 
0  •  8

W e thus ascertained th a t th e  m inim um  tem pera
tu re  was a t  the bottom ; aud th is  we have found to  be 
universally  th e  case over th e  whole of th e  area which 
we have exam ined, whatever th e  bottom  tem perature 
m igh t be. A nd we also ascertained th a t th e  decrease 
in  heat from th e  surface downwards was by no means 
uniform , b u t th a t  while after passing the surface 
layer i t  was tolerably regular for th e  first 200 
fathom s, there was an  extraordinary fall am ounting 
to  upw ards of 7° C. from  200 to  300 fathom s, a t 
w hich la tte r depth th e  m inim um  is nearly  gained.

The n ex t few observations, S tations 53 to  59, were 
a ll w ith in  th e  lim its of th e  cold area, th e  bottom  tem 
perature a t  depths rang ing  from  360 to  630 fathoms, 
nowhere reaching th e  freezing-point of fresh w ater; 
and a t  one point, S tation 59, la t. 60° 21' N ., long. 
5°41' W ., a t  a  depth of 5S0 fathom s, th e  index stand
ing so low as -1°*3 C. On Saturday th e  21st we took 
a sounding in 187 fathom s, on th e  edge of the F&roe

S u rface  . .
50 fathoms 

100 „
150 „
200 „
2 5 0  „
3 0 0  „
384 (Bottom)
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plateau, and about tw enty miles north  of the pre
vious station, w ith  a tem perature of 6°-9C ., and so 
found th a t we had  passed th e  lim its of th e  cold 
basin.

O ur first tw o soundings after leaving Thorshavn 
(Stations 61 and 62) were in  shallow w ater on the 
Pàèroe B ank, 114 and  125 fathom s, w ith  a  tem pera
tu re  of 7°-2 and  7°0 C. respectively ; b u t th e  nex t 
Station, No. 63, after a  ru n  of eighty miles, gave 
317 fathom s and 0°-9 C., showing th a t  we were 
once m ore in  th e  cold region. P rom  th a t point, 
passing in  a  south-easterly direction across th e  
channel tow ards th e  northern  point of Shetland, we 
traversed th e  cold area in  its  m ost characteristic 
form, finding a t  S tation  64, la t. 61° 21' N ., long. 
3° 44 ' W ., a  depth  of 640 fathom s, w ith a  bottom  
tem perature  of —1°’2 C. H ere we took another 
serial sounding, and  its results corresponded generally 
w ith  those o f No. 52. The surface tem perature was 
lower, and th e  tem perature down to  200 fathom s some
w hat lower ; a t  350 fathom s i t  was a  little  h igher :—

S u r fa ce ............................................................. 9° • 8 C.
50  f a t h o m s .........................................................7 - 5

100 „   7 - 2
150   6 - 3
200  „  4 - 1
250    1 - 3
300  „   0 - 2
350    0 - 3
400  „   0 - 5
450    0 - 8
500  „   - 1 - 0
550  „   - l ' O
G 0 0 .................................................................. - 1 - 1
G 4 0 .................................................................. - 1 - 2
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A t th is point, therefore, th e  ice-cold w ater of the 
A rctic cu rren t filling up th e  bottom  of th e  trough 
is nearly  2,000 feet deep, w hile th e  tem perate water 
above lias nearly  an  equal depth. The lower half of 
the la tte r, however, has its tem perature considerably 
reduced by in term ix tu re  and  diffusion. F ig . 55 
represents diagram m atically  th e  general resu lt of 
tem perature observations in  th e  cold area. The 
depth a t  th e  nex t S tation , No. 65, was 354 fathoms, 
showing th a t th e  channel had begun to  shoal towards 
S hetland ; th e  tem perature was, however, still low, 
alm ost exactly  0° C. The n ex t S tation, No. 66, 
eighteen m iles fu rth e r on towards th e  Shetland 
banks, gave a  depth  of 267 fathom s, w ith  a  bottom  
tem perature of 7°'6 C., th e  tem perature a t  th e  surface 
being 11° 3 C. W e had therefore got beyond the 
edge of th e  trough  filled by th e  cold stream , and 
passed in to  lesser depths occupied from  th e  surface to 
th e  bottom  by th e  warm southern  stratum .

The n ex t series of soundings, Nos. 67 to  75, are either 
in  shallow w ater round  Shetland, or in  w ater on the 
shelving edge of th e  p la teau , no t deep enough to reach 
th e  frig id  stream . I t  is  of some in terest th a t the 
two soundings, Nos. 68 and 69, in  75 and  67 fathom s 
respectively, to th e  cast of Shetland, show a  bottom  
tem perature  of 6° 6 C., while a serial sounding in  the 
w arm  area a t  th e  w estern  entrance of th e  Eæroe 
C hannel gives for th e  sam e depth  a  tem perature of 
about S°'S C. This circum stance, along w ith others 
to  be m entioned hereafter, would seem to  show th a t 
a  considerable ind raugh t of cold w ater spreads over 
th e  bottom  of th e  shallow no rth  sea.

A t S tations 76 to  S6, which are along the southern



1*10.55.—Serial founding, 8 ta tio n  64 r io .  5 0 . -  Serial sounding , 8 tn lio n  37
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border of th e  cold area, tem perature soundings were 
taken  m ainly  w ith  a  view to  define its southern lim it, 
and they  are som etim es on one side and sometimes on 
the other. T he general resu lt is indicated on P late  
IV . by th e  sou thern  border of th e  shaded space. Nos. 
87 to  00 are once m ore in  th e  w arm  area, th e  water 
reaching a  depth  of upw ards of 700 fathom s, bu t 
m ain tain ing , after th e  first 300 fathom s, a  tem pera
tu re  of from  6° to  7° C. above th a t  of corresponding 
depths in  th e  cold area. A t S tation 87, lat. 59° 35' N., 
long. 9° 11' AV., w ith  a dep th  of 767 fathom s, a serial 
sounding w a s . taken , w hich contrasts rem arkably 
with th e  series a t S tation 64. The general resu lt of 
th is sounding is represented dia gram m atically by 
Fig. 56. The tem peratu re  was taken  a t every 100 
fathom s after th e  first 200.

S u r f a c e .............................................................. 1 I o- 4 C.
5 0  f a t h o m s ............................................................9 - 0

100 „   8 * 5
150 „   8 * 3
200 „  8 - 2
300 „   8 - 1
400 „   7 * 8
5 0 0  „  .................................................. 7 - 3
000 M .......................................................G • 1

I t  w ill be seen by reference to  th e  chart th a t two 
nearly parallel series of soundings were taken, ex
tending from th e  shallow w ater on th e  Scottish side 
to  the edge of th e  Eæ roe B ank close to  th e  western 
opening of the Eæroe Channel, and th a t one of these 
chains, including S tations 52, 53, 51, and 86, are in 
th e  cold area, w hile th e  o ther chain of Stations, 48,
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47, 90, 49, 50, and 51, are in  th e  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 tw o so widely different subm arine climates, 
existing apparently under th e  same circumstances 
and in  close proxim ity to  one another, is th a t  the 
Arctic ind raugh t which passes into th e  deeper p a rt 
of th e  Fæ roe Channel is banked in  a t  its  entrance, 
by th e  w arm  southern  stream  slowly passing n o rth 
wards. There is a slight b u t very constant depres
sion of th e  isotherm al lines of surface tem perature 
in  the shallow w ater along the west coast of B ritain. 
This, I  believe, indicates th a t a  portion of th e  cold 
Fæ roe stream  makes its escape, and, s till banked in 
close to th e  land by th e  warm w ater, gradually  makes 
its  way southwards, so mixed and diluted as only to 
be perceptible by its  slight effect on the lines of m ean 
tem perature. D iagram s 55 and 56 illu stra te  th e  dis
tribu tion  of tem perature in  th e  cold and w arm  areas 
respectively ; and in  F ig . 57, th e  results of th e  serial 
soundings Nos. 52, 64, and  87, are reduced to  curves. 
F rom  these diagrams, taken  together, it  w ill be seen 
th a t  in  the first 50 fathom s there is a rapid  fall of 
nearly 3° C. Station No. 64 is a  good deal farther 
north  th a n  th e  other two, and th e  surface tem pera
tu re  is lower, so th a t th e  fall, which is nearly  to  the 
same am ount, starts from a  lower point. The surface 
tem perature is doubtless due to  th e  direct heat of 
th e  sun, and the first rapid fall is due to  th e  rapid 
decrease of th is  direct effect. F rom  50 to  200 fathom s 
th e  tem perature in  a ll th ree cases falls b u t little , re
m aining considerably above th e  norm al tem perature
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of th e  ocean for th e  parallel of latitude. A t a 
depth of 200 fathoms, however, the divergence be
tween tlie curves of the warm and cold areas is most 
remarkable. The curve of th e  warm area, No. 87, 
shows a fall of scarcely half a degree a t  500 fathom s, 
and less th a n  one degree more a t  767 fathom s at 
the bottom. Between 200 and 300 fathom s th e  cold 
area curves ru n  down from  8° C. to  0° C., leaving 
only one degree more of gradual descent for the 
nex t 300 fathoms. The tem perature of th e  ‘ hum p ’ 
on th e  curves of the * cold area ’ between 50 and 
200 fathoms corresponds so nearly w ith th a t of the 
long gradual sinking of th e  curve of th e  warm area 
from th e  surface nearly to the bottom , th a t  i t  seems 
natu ra l to  trace i t  to th e  same source. W e there
fore conclude th a t a  shallow layer of Gulf-stream 
w ater drifting slowly northw ards overlies in  th e  cold 
area an  indraught of cold water represented by the 
sudden and great depression of tho curves, while in  
th e  warm area th is  cold indraught is absent, th e  
Gulf-stream w ater reaching to th e  bottom.

Tracing th e  t warm a re a 9 southw ards from th e  
m outh of th e  Fæ roe Channel along th e  coast of Scot
land, we find th a t th e  area between F&roe, th e  Lews, 
and Rockall, is a  k ind of p la teau  w ith a depth of 
from  700 to  800 fathoms ; and we m ay be certain  from 
analogy, although this region has no t yet been ac tu 
ally examined, w ith  a  bottom  tem perature no t lower 
th an  4°-5 C. Commencing opposite Rockall, and ex
tending between the great shoal which culm inates 
in the Rockall fishing banks and the singular isolated 
rock, and the west coast of Ire land , there is a wide 
trough deepening gradually southwards, and a t  length
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continuous w ith  th e  general basin of th e  N orth  
A tlantic.

The tem peratu re  of th is  ocean valley was investi
gated w ith  g rea t care during  th e  first and second 
cruises of th e  ‘ Porcupine ’ in  1869, and th e  results 
were so very uniform  th roughou t th e  area th a t it  
will he needless to  describe in  detail th e  slight 
differences in  different localities. These differences, 
in fact, only affected th e  surface layer of th e  watèr, 
and depended m erely upon differences of latitude. 
The tem peratures in  deep w ater m ay be said to  
have been practically  th e  same everywhere. The 
first chain of soundings, taken  by Captain Calver 
during  th e  first cruise under th e  scientific direction 
of M r. Gwyn Jeffreys, was between Lough Swilly 
and Rockall. T he greatest depth, 1,380 fathom s, is 
in  th e  m iddle of th e  channel, and  a  sounding at 
th a t depth, lat. 56° 24' N ., long. 11° 49' W ., gave 
a bottom  tem peratu re  of 20-8 C. A  depth of 630 
fathoms, No. 23, a  little  to  th e  south of Rockall, 
gave a tem perature of 6°'4 C., alm ost exactly the 
same as th e  tem perature of a  like depth in  the warm 
area off th e  en trance of th e  Etferoe Channel ; and a 
tem perature a t  500 fathom s, one of a series taken 
a t S tation 21 w ith  a bottom  tem perature a t 1,476 
fathom s of 2°-7 C., was 8°'5 C., ra th e r less th an  a 
degree higher th a n  th e  tem perature a t  a correspond
ing depth a t S tation  87. A t S tation 21 th e  tem pera
tu re  was taken  a t everv 250 fathoms.

•Surface. .
250  fathoms 
5 0 0  „

13°-5  C. 
9 *0 
S * 5
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1,000 f a t h o m s .................................................  3 0 * 5  0.
1,250 „   3 * 3
1,476 „   2 * 7

W e liave here on a large scale, as D r. Carpenter 
lias pointed out, conditions very analogous to  those 
which exist in  com paratively shallow water, and  on a
sm all scale in  th e  cold area in  th e  Fæ roe Channel.
There is a surface layer of about 50 fathoms, super
heated in  A ugust by direct solar radiation, and, as we 
see by th e  variations of surface isotherm als, varying 
greatly w ith  th e  seasons of th e  year. N ext, we have a 
band extending here to  a depth of nearly 800 fathom s, 
in  which th e  therm om eter sinks slowly th ro u g h  a 
range of about 5° C. T hen a  zone of in term ix tu re  
of about 200 fathom s, w here th e  tem perature falls 
rapidly, and  finally a  m ass of cold w ater from  a depth 
of 1,000 fathom s to  th e  bottom , th ro u g h  which, w hat
ever be its  depth, th e  therm om eter falls alm ost im 
perceptibly, th e  w ater never reaching th e  dead cold 
of th e  A rctic undercurren t in  th e  Fæ roe Channel, 
and  th e  lowest tem peratu re  being universally  a t the 
bottom  (Fig. 58).

The area investigated during  th e  second cruise of 
th e  ‘ Porcupine ’ a t  th e  m outh  of th e  Bay of Biscay, 
about a couple of hundred miles w est of U shan t, 
m ay be regarded as simply a continuation southw ards 
of th e  tra c t between Scotland and  Ire lan d  and  th e  
R ockall ridge. As, however, th e  depths were greater 
th a n  any attained on any form er occasion—were so 
great, indeed, as probably to  represent th e  average 
depth  of th e  great ocean basins—it  m ay be well to 
describe th e  methods of observation and  th e  condi
tions of tem peratu re somewhat in detail.
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The sounding a t  S tation No. 37, a t a  depth of 
2,435 fathoms, has already been fully described as an 
example of th e  m ost recent m ethod of determ ining 
extreme depths w ith  accuracy. Two M iller-Casella 
therm om eters, num bered 100 and 103 respectively, 
were lashed to  th e  sounding-line in  th e ir copper 
cases, one a little  above th e  other, about a  fathom  
and a fathom  and a  h a lf  above th e  ‘Hydra* sounding- 
machine. These two instrum ents had  been prepared 
and  tested w ith  extrem e care, and had  been employed 
th roughou t th e  first cruise ; th e ir  freezing-points had 
been again verified a t Belfast in  case th e  enormous 
pressure to  which they  had been subjected m ight 
have affected th e  glass, and  we had  absolute confidence 
in  th e ir indications. The indices were set before th e  
instrum ents were le t down a t th e  tem peratu re of the 
surface, 21°T C., and 21°T5 C. They were allowed to 
rem ain a t  th e  bottom  for ten  m inutes, and on the ir 
re tu rn  to  th e  surface in  upw ards of tw o hours and. a 
half, they  were unanim ous in  recording a  m inim um  
of I o- 65 C., th e  sligh t differences between th e  two 
instrum ents, w hich gave th e  alm ost inappreciable 
error for- one of them  of 0°05 C. a t  21° C., being 
im perceptible a t  th e  lower tem perature.

I t  had  a  strange in terest to  see these tw o little  
instrum ents, upon whose construction so m uch skilled 
labour and  consideration had  been lavished, con
signed to  th e ir  long and hazardous journey ; and the ir 
re tu rn  eagerly watched for by a kno t of though tfu l 
m en, standing, note-book in  hand, ready to  register 
th is  first message, which should throw  so m uch light 
upon th e  physical conditions of a  h itherto  unknow n 
world.
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A  series of tem perature soundings, a t  depths in 
creasing progressively by 250 fathom s, was taken  to  a 
depth  of 2,090 fathom s, on th e  24th  of Ju ly , lat. 
47° 39' N., long. 11° 33' W .

S u r fa c e  . . 17° 0 8  C.
2 5 0 f a t h o m s . 10 28 less t h a n  S u r fa c e  . . 7 ° # 5  C.
5 0 0 t t  • 8 8 t t 2 5 0  f a th o m s  . 1 - 5
7 5 0 »» • 5  • 17 t t 5 0 0  „  . 3  ;  6

1 ,0 0 0 »» 3 5 t t 7 5 0  „  . 1 * 7  •
1 ,2 5 0 t t 3  • 17 t t 1 ,0 0 0  „ 0 - 3
1 ,5 0 0 »  * 2  • 9 »» 1 ,2 5 0  „  . 0  • 3
1 ,7 5 0 >> • 2  • C l >t 1 ,5 0 0  „ 0  • 3
2 ,0 9 0 f t  • 2 • 4 t t 1 ,7 5 0  „  . 0  * 2

The same tw o M iller-Casella therm om eters were 
employed as in  th e  previous observation.

A nother serial sounding was taken  a  few days la ter 
in  w ater 862 fathom s deep, somewhat nearer th e  coast 
of Ire land . I n  th is  case th e  tem peratu re  was taken 
a t  in tervals of 10 fathom s from th e  surface to  a 
depth of 50 fathom s, and thence a t  in tervals of 
50 fathom s to  th e  bottom . This was done to  deter
m ine exactly  th e  ra te  of dim inution of tem perature, 
and  th e  exact position of th e  m ost m arked irregu
larities.

S u r fa c e  . . 17°- 2 2  C.
10 f a t h o m s . 1 6  * 72 less t h a n s u r f a c e  . . . 0° 5  C.
2 0 t t 1 5  • 22 less t h a n 1 0  f a th o m s  . 1 5
30 t t 1 3  • 33 2 0  „ 1 9
40 t t 12  • 4 4 3 0  „ 0 9
5 0 t t 11 • 8 4 0  „ 0 6 4

100 i t 1 0  • 6 5 0  „ 1 2

150 t t 10  - 5 1 0 0  „ 0 1

2 0 0 t t 1 0  • 3 1 5 0  „ 0 2

2 5 0 t t 1 0  . 11 2 0 0  „ 0 2

3 0 0 t t 9  • 8 2 5 0  „ 0 3



Fio W.—Din^rain represcntin" lii.- 
relation iM’tvwen and tcni-
pcraitin: u ii iCnckall.

Fio. tW.—Dinora m n-projuMitinp the 
relation U-twecn depth nini tem
perature in the Atlantic luisii!.
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350 fathoms 9*- 5 C. less t h a n  300 fathoms . 0°- 3 C.
400 >» 9 • 17 „  350 „ 0 - 3
450 i» 8 • 7 »  400 „  • . 0  *5
500 8 - 5 5 „  450  „ 0  • 15
550 » * • 8 • 0 „  500 „ 0  * 55
G00 »» • 7 - 4 » 5 5 0  „ 0 * 5
650 >» • 6 • 83 600 „ 0  • G
700 6 - 4 4 650 „ 0 - 4
750 » 5 • 83 700 „ 0 * 6
800 »» 5 • 55 „  7 5 0  „ 0 - 3 ’
862 201

4  • 3 „  800 „ 1 - 2 5

The general resu lt of these tw o series of soundings 
is very im portan t. The h igh  tem perature reduced by 
7°-5 C. in  th e  first series a t 250 fathom s is undoubtedly 
due to  superheating  by direct solar radiation. This 
is shown s till m ore clearly in  th e  second series, where 
nearly  4° C. are seen to  be lost between th e  surface and 
30 fathom s, and  somewhat above 2° C. m ore between 
30 and  100 fathom s. P rom  100 to  500 fathom s th e  
tem peratu re  is s till h igh  and  tolerably uniform , and 
i t  falls rapidly betw een 500 and 1,000 fathom s. A  
reference to  th e  second series shows th a t  th is  rapid 
fa ll is  betw een 650 and  850 fathom s, in  w hich in te r
v a l the re  is a  loss of m ore th a n  3° C. This second 
stage o f elevated tem peratu re  from  260 to  700 
fathom s, w hich is represented graphically  by  th e  
singular ‘h u m p ’ on th e  tem perature  curves in  Fig. 
61 and P la te  V I. would seem to  be caused by th e  
north-easterly  reflux under peculiar conditions, which 
w ill be referred to  in  n e x t chapter, of th e  great 
equatorial cu rren t. P rom  1,000 fathom s down
w ards, th e  loss of tem perature goes on uniform ly a t 
th e  ra te  of abou t 0°'3 C. for every 250 fathom s. 
T he m ost singular feature in  th is decrease of tern-
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peratu re  for th e  la s t m ile and three-quarters is its  
absolute uniform ity, which appears to  be incon
sisten t w ith  th e  idea of anyth ing  like a  curren t in  
th e  ordinary sense, and  ra th e r to  poin t to  a  slow 
and general in d rau g h t of cold w ater, falling in  
chiefly by gravitation  from  th e  coldest and deepest 
sources available, to  supply th e  place of th e  warm 
w ater constantly  m oving to  th e  northw ard.

In  1S70, Mr. Gwyn Jeffreys took his first tem 
peratu re  observations a t  th e  m outh of th e  Channel, 
and found them  to  correspond very closely w ith 
those of th e  previous year ; on th e  9 th  of Ju ly  the 
bottom  tem perature a t 358 fathom s, S tation 6 PI. V., 
was 10°'0 C., against 9°-8 C., a t about th e  same depth 
in  a  serial sounding in  1869, in  th e  im mediate 
neighbourhood. T he n ex t few soundings, Stations 
10 to  13, are in  com paratively shallow w ater, off th e  
coast of Portugal, while th e  n ex t four Stations, a 
little  no rth  of Lisbon, m ay serve as an  exam ple of 
th e  tem peratures to  a considerable depth in  th a t 
latitude. S tation  14, 469 fathom s, w ith  a  surface 
tem perature of 18°-3 C., has a  bottom  tem perature of 
10O |7 C. ; S tation  15, a t  722 fathom s, a tem perature 
of 9°'7 C. ; S tation  16, a t  994 fathoms, 40-4 C. ; and 
S tation  17, a t  1,095 fathom s, 4°-3 C. This resu lt is 
very sim ilar to th a t  w hich we m et w ith  in  1869 off 
U sliant. W ith  certain  differences, which seem to  de
pend m ainly upon th e  differences of la titude, we have 
th e  same phenom ena—a th in  surface-layer, superheated 
by th e  d irect rays of th e  sun ; a  layer of warm water 
th rough  w hich th e  tem peratu re descends very slowly 
down to  800 fathom s ; a  zone of in term ix tu re  and 
rapid  descent of th e  therm om eter of nearly 200
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fathom s in  thickness ; and  finally th e  deep cold layer 
in to  w hich these soundings do not penetrate very far, 
th rough  w hich th e  tem perature sinks alm ost im per
ceptibly from  4° C. The difference between these 
soundings and  those of th e  year before a t  th e  m outh 
of th e  B ay of Biscay is th a t  th e  tem peratures a t  all 
depths are somewhat higher.

I  refrain  for th e  present from  going in to  any  detail 
w ith  regard to  th e  d istribu tion  of tem perature in  the 
M editerranean, fu rth e r th a n  to  give a m ere outline of 
th e  rem arkable conditions which were observed there 
by D r. Carpenter.

D r. C arpenter’s observations were principally con
fined to  th e  w estern  basin of th e  M editerranean, and 
du rin g  th e  m onths of A ugust and  Septem ber the 
surface tem perature averaged between 23° C. and 
26° C. O n tw o occasions only th e  surface tem pera
ture fell considerably lower, and  th e  fa ll was a ttr i
bu ted  in  bo th  cases to  th e  influence of th e  colder 
surface cu rren t passing from  th e  A tlan tic  th rough  
th e  S tra its  of G ibraltar. The following tab le  of the 
series taken  a t  S ta tion  53 gives about th e  average ra te  
of fall of tem perature for th e  first 100 fathom s :—

S ur face ' .  ............................... 25°* 0 C.
5 fathom s  ...............................24  • 5

10 „   2 1 - 6
2 0  „  ................................................. 16 • 4
3 0  „  ..................................................15 • 5
40 „  ................................................. 1 4 * 1
5 0  „  ................................................. 1 3 - 6

100  ........................................................1 3 * 0

and Dr. C arpenter m ade th e  rem arkable observa
tion  th a t  “ w hatever th e  tem perature was a t  100



Fio. 62.—Diagram representing th e  relation between depth  and tem perata re, from th e  tempera 
tu rc  observations taken  betw een Cape F inisterro and Capo St. Vincent, A ugust 1870.
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fathoms, th a t was th e  tem perature of the whole 
mass of w ater beneath, down to  the greatest depth 
explored.”  The tem perature a t  100 fathoms varies 
very little  from  13° C. (55 5° Fahrenheit), and the 
M editerranean attains in  m any places a  depth of up 
wards of 1,500 fathoms, so th a t here we have the 
strange phenomenon of an  underlying mass of water, 
1,400 fathoms deep, of a  uniform moderate tem pera
tu re  ; a state of things singularly diiferent from th a t 
which obtains a t like depths in th e  A tlantic. Dr. 
Carpenter’s ingenious speculations as to  the cause 
of this difference will be considered later.

v a a Y  c n u n c ii i n  h u  d e  nö.
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APPENDIX A.

Surface Temperatures observed on board IT J f.S . 1Porcupine’ 
durin g  the Sum m ers o f  1869 and 1870.

I .  T e m p e r a t u r e s  o b s e r v e d  i n  1869 .

Date and Position.
1

I
a  *
6 3
t °
£

IIf
Dato and Position. §  

• H

§

r Ïh  uO

Dog. Deg. Deg. Deg.
Cent. Cent. Cent. C ent

M a y  2 8 th  .  . 2 1 0 0 9 4 M a y  3 0 t h  .  . 4 10*0 9*4
4 10*0 10-2 6 10*8 10*8
6 8 12*2 11-1

• 8 1 0 15*0 11*1
10 1 0 0 10-5 I n  V a le n t i a  .  . N o o n . 16*0 12*7

O ff t h e  G r e a t  )
N o o n . 9 ‘4 1 0 8

2 12*8 12*2
S k e ll ig s  .  .  ] 4 12*5 11*4

2 11-9 6 11*4 1 1 1
4 1 1 0 1 1 1 8
6  . 11-4 10 10*0 1 1 1
8 M id n . 9*4 11*1

1 0 1 1 6 10-2 M a y  3 1 s t .  .  . 2 9*4 10*8
M id n . 1 0 0 10*0 4 10*0 1 1 1

M a y  2 9 th  .  . 2 6 1 1 1 11*1
4 7 2 8 13*3 11*1
6 11*6 10*2 10 13*3 11-1
8 1 1 1 10*8 L a t .  5 1 °  5 2 ' N .  ) N oon 13*9 11*6

1 0 13*3 12*7 L o n g . 1 1 °  3 4 ' W .  j Al UvUi

I n  D in g le  B a y  . N o o n . 13-9 11*6 2 13*9 11*4
2 13-9 11*4 4 12*7
4 12-7 11-4 6 12*2 11*9
6 10*5 8 12*2 11*6
8 1 0 0 10-5 10 11-6 11*6

1 0 11*6 M id n . 11*9 11*9
M i d n . 1 1 1 .T une 1 s t  .  .  . 2 12*2 12*2

M a y  3 0 th  . . 2 1 1 6 4 12-2 12*2
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■
s i I e s

1 .

Date a n d  Position.

H
ou

r yj U
h
E s
H J Unto and Position.

H
ou

r &
S o
£

fia
B 3
^  o

Deg. Dog. Deg. Deg.
Cent. Cent. Cent. Cent.

June 1st . . . 6 12-2 11*9 June 4th . . . 2 13*3 11*6
1 8 1 3 0 11*9 4 13*3 11*6
1 10 13-9 11*9 G 12-8 11*9
¡ Lat. 51* 2 2 ’ N. ( Noon. 14-4 11*9 8 12*8 1 2 2

Long. 12* 2 6 'W. ( 10 12 2 11-4
2 14-4 1 2 2  j Midn. 11*9 11-9
4 12-2 11-6 Juue 5 th  . . . 2 11*9 11-9
6 13-3 11*9 4 11*6 11-6
a 12-2 11*9 0 12*7 11*1

10 11*9 12*2 : 8 12*7 11*1
Midn. 1 1 6 11*9 I 10 12*7 11*6

June 2nd. .  . 2 11*9 11*9 1 
11*9 ,

Iu Giti way Dock Noon. 1 6 1 1 3 3
1 4 1 1 1 2 15*5 15*0
( 6 10*5 11*9 4 13*9

8 11*6 •1 G 1 5 5
10 12-2 12*2 8 13*3

Lat. 52* 8 ' N. { 
Long. 12* 60 'W. ( Noon. 1 5 0 1 2 2

June Ctli . .  .

10
Midn.

13*3
13*9

2 14-4 12*2 2 13*3
4 1 5 0 12*2 4 12*7
6 13-9 12*2 6
8 11*1 11*9 8

10 11*4 11*9 10 14*4
Midn. 1 1 1 11*9 In Galway Dock Noon. 12 2

June 3 rd . .  . 2 1 1 1 11*6 2 17*2
4 10-8 11*6 4 19*4
6 11*1 11*9 G 19*4
8 127 11*6 8

10 1 5 0 11*9 10 13*9
Lat. 62’ 26' N. ) 
Long. 11*41' W. 1 Noon. 13-3 11*6 June 7 t h . . .

Midn.
2

133
13*3

2
4
6

14-7
1 3 0
11*6

11*9
12*2
12*2

4
G
8

12*7

8 11*1 11*8 1 0 16*1
10 11*1 11*6 In  Galway Dock Noon. 18*3

Midn. 10-8 11*6 2 17*7
June 4th . . . 2 11*1 11*6 4 17*7

4 1 1 1 1 1 6 G 17*2
6 1 1 1 1 1 6 8 15*0
8 10-8 11*6 10 13*9

10 10-6 1 1 0 Midn. 12*2
Lat. 6 2 - 1 4 'N .  j 
Long. 1 1 * 4 5 'W .j Noon. 1 0 5 11*1

June 8th . . . 2
4

1 1 1
10*0
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Iluto on«! Position. ioa f eE  © IIS *■5

D o r .
Cunt Deg.

Cont
Juno 8 th . . . 6

8
10

100

17-2
In Gui way Dock Noon.

2
21-1
205

4 205 17*7
6 200
8 166 15*0

10 11-6 12*7
Midn. 111 12*5

June 9th . . . 2 72 12*2
4 7-7 11-6
6 105 12*2
8 12-7 12*5

10 161 13*3
In Galway Dock Noon. 194 13*9

2 17-4 139
4 17*2 13*6
6 150 12*5
8 11*4 12*7

10 10-5 12*5
Midn. 10*5 12*5

June 10th . . 2 10*0 11*6
4 10*5 11*6
6 10*2 12*2
8 12*2 12*6

10 11*6 12*5
Lat. 63° 16'N . ) 
Long. 11° 52' W. j Noon. 12*7 12*5

2 13*3 12*7
4 12*2 12-2
6 11*6 12*7
8 10*6 12*3

10 10*0 12*3
Midn. 100 12*3

June 11th . . 2 10*0 12*2
4 10*0 12*2
6 11*1 12*5
8 11*1 125

10 125 12*5
Lot. 53° 22' N. ) 
Long 13° 23' W. j Noon. 15*0 12*2

2 13 9 12*7
4 14*4 12*7

D.ite u d  Position.
a

i

|S D

June 11th . . 6
£ £
11*9

D e g .
C e n t .
12*7

8 10*5 12*7
10 11*1 12*2

Midn. 10*0 12*2
June 12th .  . 2 10*0 122

4 10*2 12*3
6 i n . 12*9
8 11-4 13*0

10 12*2 127
Lat. 53° 24' N. \ 
Long. 16° 24' W. ƒ Nood. 12*2 12*7

2 11*1 127
4 12*2 127
6 10*8 13*0
8 11*1 12*9

10 11*1 12*6
Midn. 10*6 12*3

June 13th . . 2 10*5 11*9
4 10-0 122
6 9*1 122
8 97 11*9

10 9*4 12*0
L a t 53° 28' N . ) 
Long. 15° OS' W. ƒ Noon. 10*8 12 2

2 10*6 12*5
4 11*4 122
6 111 122
8 10-7 12*3

10 11*1 122
Midn. 11*1 122

June 14th .  . 2 111 122
.  4 11*4 122

6 11*4 11*9
8 11*9 12*6

10 111 122
Lat. 53° 4 3 ^ .  ) 
Long. 13° 48' W. J Noon. 13*3 122

2 11*7 122
4 13*0 122
6 12;7 122
8 11*1 11*8

10 11*1 11*1
Midn. 11*1 11*4

June 15th . . 2 10*8 11*1
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1 E E S 2

I

a— t* 9
-* h

D a te  a n d  P o s i t io n .
1 i K

E  o  
H fl

t“ ,3

D a te  a n d  P o s itio n . Î
a !-B O

■ Î S
E  2

Dog. D eg. Deg. 1 * 8
C en t. C u n t. C en t. C e n t

1 J u n e  1 5 th  .  . 4
6

10-8
1 1 1

11-6
11-6

L a t .  64° 10' N . ( 
L ong. 10° 59 ' W . ) N oon. 12-5 12-2

• 8 14*4 11-6 2 12-9 12-2•
1 0 1 2 2 11-6 4 12-7 12-4

L e t .  53° 4 7 ' N .  ( 
L o n g . 13° 14 ' \V. j N oon . 12-7 10-6

1 1 6

6
8

1 2 7
11-9

11-8
11-8

2 13-6 10 11-4 11-6
4 13-0 11-6 M idn. 11-4 11-4
6 13-9 11-8 J u n e  1 9 th  .  . 2 11-1 11-6
8 10-8 1 1 8 4 1 1 1 11-1

10 10-8 1 1 6 6 11-6 11*8

J u n e  1 6 th  .  .
M id n . 10*5 11-1 8 11-6 12*2

2 1 0 0 11-7 10 13-9 11*8
4 10-2 11-4 A t  K ill ib e g s .  . N oon . 13-9 1 1 0
6 12-7 11*5 2 13-3 12*2
8 1 2 0 11-5 4 12-2 12*2 :

10 1 3 9 11-6 6 11-6 12*3 I
L a t. 54° 2 ' N .  ) 
L o n g . 12° 1 4 ' W . J N oon. 1 6 0 11-6

8
10

131)
11-1

12*7
12*2

1 2 131) 11-9 M id n . 1 0 5 12*2
4 13-3 1 2 1 J u n e  2 0 th  . . 2 10-5 11*9
6 12-2 11-6 4 11-1 11*6
8 10-2 1 1 1 6- 11-6 11-C

10 1 1 1 11-4 8 12-7 12*2
M idn . 11-4 11-4 IO 1 3 0 11*9

J u n e  1 7 th  .  . 2 11-6 11*6 A t  K ill ib e g s .  . N oon . 13-9 12*2
4 11-6 11-6 2 1 6 0 12*2

• 6 11-9 11-8 4 14-4 1 2 6
8 13*0 11-6 6 14-4 12*5

10 12-5 11-6 8 12-2 12*5
L a t  54° 2 7 ' N .  \ 
L o n g . 11*43 ' W . ( N oon . 1 3 9 11-8 10

M id n .
1 0 0
10-8

12*2
12*5

2 13-3 11-9 J u n e  2 1 s t  .  . 2 1 1 1 12*2
4 13-3 11-9 4 11-1 12*2
0  . 12-2 11-9 6 11-8 12*2
8 12-2 1 1 6 8 12-2 12*2

IO 11-9 11-6 10 13*0 12*2

J u n e  1 8 th  .  .
M id n . 1 2 - 2 11-6 A t  K il l ib e g s . . N o o n . 1 6 0 12*5

2 11-0 11-0 2 15-3 12*2
4 11-6 1 2 0 4 14-4 12*5
0 1 2 - 2 1 2 0 6 1 3 0 12*2
8 12-2 1 2 1 8 11*6 12*3

IO 1 2 2 12-2 10 1 1 1 1 1 «
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| > a l f  n in i  I ’u a U lo ii .

I
! .1(1110 ¿ 1 s t  .  .
I J u n e  2  2  m l .  .

I A t  K illib e g s . .

i

I J  nue 2 3 rd  .  .i

A t  K ill ib e g s .  .

J u n e  2 4 th  .  .

I

•

A t  K illib e g s . .

J u n e  2f«tli

A t  B uudorun

5 M ? 2it
§
m líS  o  

£ H Date and Pualtlon.
b

| 3

i* °
HH

Dr«.
Conl.

Dr«.
Crut.

J u n e  2 5 th  .  .
S 3 . S 3

M id n . 10-5 12-2 4 1 5 0 15*0
2 111 11*0 G 1 0 1 13-9
4 1 1 1 11*0 8 1 6 0 14*1
<1 111 11*6 10 1 5 5 16-6

. 8 11*0 1 2 0 M id n . 14-4 16-6
10 13*3 12-2 J u n e  2G th .  . 2 14-1 16-8

N oun . 1 3 3 12-2 4 Î 3 '9 1 5 0
2 1 3 0 12-3 6 13-9 13-3
4 13-3 12-2 8 15-3 13-0
0 12-2 12-2 10 1 8 0 14*4
8 I n  D onegu l Buy N oon . 1 9 1 13-9

10 1 1 1 12-5 2 2 2 2 15-3
M id n . 1 1 1 11-9 4 19-4 1 0 1

2 10-8 12-2 1 G 16-6 15-5
4 1 1 1 12-2 8 15-5 16-6
0 12*4 12-2 10 12-7 15-3
8 13*9 12-2 M id n . 12-5 16-0

10 1 5 5 12-5 J u n e  2 7 th  .  . 2 ' 11*1 14-4
N oon . 1G-6 12-5 4 11-4 14-4

2 1 5 5 1 2 5 6 12-7 1 3 9
4 17*7 12-7 8 13-6 13-9
0 10-0 1 3 3 10 15-6 14-4
8 13-3 1 3 0 A t  K illib e g s . . N oon . 16-6 14-4

10 13-6 1 3 3 2 2 0 0 1 5 0
M id n . 12*7 1 3 0 4 17*2 14-4

2 12-7 13-3 6 13-3 13-3
4 13-3 13-3 8 13-3 13-3
C 14-4 13-5 10 13-3 13-3
8 15-3 1.3-3 M idn . 13-3 1 3 3

10 1GG 13-5 J u u e  2 títk  .  . 2 12-7 13-3
N oon . 1 7 5 13-5 4 12-7 12-9

2 17-7 13-9 G 12-7 12-7
4 17-7 14*1 8 13-3 1 3 0
6 17-2 1 5 0 10 13-9 13-3
8

10
1G1
14*7

1 4 1
1 5 0

L û t.  54° 5 4 ' N . ) 
L o n g . 10° 5 9 ' W . j N oon . 14-7 13-3

Mii'ii. 14-7 15-3 2 14-7 13-3
2 14-4 14-4 4 13-9 13-3
4 1 4 1 14-4 G 1 3 0 13-9
0 13-9 13-6 8 13-0 1 3 0
8 1 8 3 14-4 10 12-7 13-3

10 2 0 0 13-9 M id n . 12-9 1 3 6
N oon . 20*5 16*6 J u n e  291 h .  . 2 12*7 13-3

2 2 3 9 16*6 4 12-2 13-3
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I P s
g

k ilDate luíd Pocillon. 1 isE B
C iH 11

S “

Doto and Poaltiou. w f 114
£*■C«ut. SSl De«.

Cent.
De«.
Cent.

J u n e  2 9 th  .  . 6 13-0 13-3 J u ï y  2 n d  . .  . 4 10-2 14*2
8 14-4 13-3 6 16*6 14-5

10 10-0 13*9 8 14*7 14-4
L o t. Bft’ l l ’ N .  I 
L o n g . 11° 3 1 ' W . { N oon. 18-0 14*4 10

M id n .
16*0
14*4

14-0
13-9

2 1 0 1 16*0 J u l y  3 rd  .  .  . 2 13*9 13-9
4 15-5 14*4 4 13*3 13-9
6 1 5 6 14-4 0 14*9 1 4 1
8 16*0 14*4 8 15*5 14*1

10 13-0 13*9 10 *10*1 1 4 0

J u n e  3 0 th  .
M id n .

2
13-3
1 3 0

13-9
14*1

L a t .  6 0 ’ 58* N .  î 
L o n g . 13* 17 ' W . j N oon . 15*3 13-9

4 13-3 1 4 0 2 10*9 14-4
6 10*0 13*9 . 4 1 0 1 13-9
8 18-0 13-9 0 14*7 13-0

10 1 8 1 14*4 8 13*9 12-5
iL * t  66° 4 4 ' N .  ) 
L o n g . 12° 63 ' W . J

N oon . 10-4 14-4 10
M id n .

13*3
12*7

12-6
12-2

2 17-7 14-6 J u l y  4 th  .  .  . 2 13*4 13-0
4 17-7 14-4 4 13*9 13-9
0 15-8 1 5 0 0 13*0 1 4 0
8 1 6 0 1 6 0 8 14*1 13-0

10 14-4 16-3 10 14*7 14-7
M id n . 13-0 14-4 L a t .  6 0 ° 4 r N .  î N oon . 15*0 13-9J u l y  1st .  .  . 2 12-7 13-9 L o n g . 12° 4 9 ' W . ]

4 13-3 1 3 9 2 14*4 14-7
0 16-5 14*4 4 14*4 14-8
8 10*3 14-4 0 13*9 14-8

10 17-3 14-7 8 13*9 14-9
N oon . 17-2 14-8 1 0 13*9 16-0

2 17*2 1 6 6 M id n . 13*3 14-7
4 10-0 16*0 J u l y  5 th  .  .  . 2 12*7 16*0
0 16-0 14*4 4 13*3 16-0
8 14-4 14*4 8 13*9 14-7

10 1 4 1 1 4 1 8 13*9 14*7
M id n . 1 4 1 1 4 1 1 0 14-4 14*7

J u l y  2 n d  .  .  . 2
4

1 4 1
1 4 1

13*9
14-0

L a t .  56° 4 1 ' N  ( 
L o n g . 12° 5 6 ' W . J N oon . 13-9 14-7

0 16-0 14*1 2 14-4 15-0
8 1 6 6 1 4 1 4 13-3 15-0

IO 16-6 14-4 8 12-7 14-4
L a t  66* 9 ' N .  ) 
L o n g . 14° 10* W . j N oon. 17*7 14-4 8

10
12-2
12-5

14*1
14-4

2 17-4 14*7 M id n . 12-5 14-4
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i E E

Unto anil Position.
»

1

caoa
e * ’

B o
£

j

y

4
Dato ami Position. a ñ

i  °
“' 1lí

St Deg
Cent

Deg.
Cont. St

J u l y  6 th  .  . . 2 12-2 1 3 9 I n  L o u g h  S w illy N o o n . 16-8 13-3
4 12-7 13-9 2 16-1 13-3
G 12-4 13-8 4 15-5 1 3 0
8 13-9 14-1 6 15-3 13*3

10 14-1 13-9 8 13-9 13-3
L a t .  BG° 2 2 ' N .  / N oon . 13-9 10 12-2 13*3
L o n g . 11° 3 7 ' W .  J

J u l y  1 0 th  .  .
M id n . 11-6 12*7

2 1 5 0 2 11*6 13-6
4 15-3 14-1 4 12-2 13-6
G 13-9 14-4 6 14-1 1 3 0
8 13-3 14-4 8 16-1 13-4

10 1 2 0 13-9 10 16-1 13-4
M id n . 11-1 13-3 I n  L o u g h  F o y le N oon . 17*7 14-4

J u ly  7 th  .  .  . 2 12-7 13-3 2 17*7 1 5 0
4 1 4 1 13-3 4 18-3 14-7
6 14-7 13-3 6 16-1 14-4
8 14-7 13-3 8 14-4 13-9

10 1 5 0 1 3 4 10 13-9 13-3
L ot. 5 5 #5 5 'N .  ) 
L ong. 10° 1 7 ' W . ƒ N oon . 1 5 0 13-3 J u l y  11 th  .  .

M id n .
2

14-4
1 5 0

13-9
14-4

2 1 5 0 13-9 4 13*9 14*4
4 1 5 0 13-6 6 14-7 13*9
6 1 5 0 13-9 8 16-3 13-9
8 1 5 0 13-9 10 16-6 13-6

10
M id n .

14-4
14-4

13-3
13-3

A t  M oville , ) 
L o u g h  F o y le  j N oon . 18-9 14-4

J u l y  8 th  .  .  . 2 14*4 13-9 2 20-5 15-5
4 14-4 1 3 6 4 21*1 1 5 0
0 15-5 13-9 6 18*9 14-4
8 1 5 5 13-9 8 1 8 0 14-4

10 1 5 0 13-9 10 16-8 13-9
L u t. 56° 6 ' N .  ) 
L ong. 9° 36* W . j N o o n . 1 5 0 13-3 J u l y  1 2 th  .  .

M id n .
2

16-8
15-3

14-4
1 6 0

2 14-7 1 3 6 4 13-0 14-7
4 1 5 0 13-6 6 13-9 11-4
6 13-3 13-9 8 15-6 1 1 1
8 13-3 13-6 10 1 6 1 10-5

10
M id n .

13-3
12-7

13-9
12-7

O ff B e lfa s t 7 
L o u g h  .  .  . j

N oon . 15-5 11-1

J u ly  9 th  . .  . 2 12-2 13-9 2 1 6 1 1 1 1
i 4 12-2 12-7 4 13-9 14-4

« 6 14-4 14-4
8 1 4 1 13-3 8 14-4 1 4 1

10 15G 13-3 10 12-7 12-2



3 3 6 TU E DEPTHS OF TUE SEA. [ c h a p .  V I I .

Dato an d  Position.
iota

ta
e*
E o 
H

IH
II Dato and Position.

H
ou

r. L
NSco

July 12th . .
oSi Dog.

Cont.
July 16th . .

Deg.
Cent.

Midn. 12-2 11*6 4 16*1 19*4
July 13th . . 2 10-5 13*3 6 16*1 18*9

4 111 13*3 8 17*7 18*9
6 12*2 133 10 17*2 18*9
8 13-3 13*6

July 17th . .
Midn. 14*7 18*9

1 0 13*3 14*1 2 12*7 18*3
! A t Belfast . . Noon. 15*5 15*5 4 12*2 17*2
[ 2 17*2 17*2 6 16*4 18*3

4 16*6 17*2 8 17*7 18*3
6 17*7 17*2 10 19*4 18*9
8 15*5 17*2 A t Belfast . . Noon. 26*1 19*7

1 0 12*2 16-6 2 18*9 13*9
Midn. 11*6 16*6 4 15*3 11*6

July 14th . . 2 13*3 16*6 6 14*7 11*6
4 13*3 16*6 8 16*0 12*7
6 14*1 16*3 1 0 15*0 13*9
8 15-8 160 Midn. 16*6 15*5

10 17*5 16*6 “July 18th . . 2 16*1
A t Belfast . . Noon. 17*8 16*6 4 15*5

2 18*3 16*6 6 16*1
4 17*8 8 15*6
e 10 16*9

i 8 Off Tuskar L. H. Noon. 16*6
10 16*1 2 18*9

Midn. 161 16*6 4 19*4
July 15th . . 2 15*5 161 6 17*9

4 15*0 16-6 8 19*4
6 16*6 161 10 18*0
8 18*3 16*4 Midn. 17*7

10 20*5 17*7 July 19th . . 2 16*1
At Belfast . . Noon. 21*4 4 15*5

2 211 6 16*3
4 21*1 8. 19*7
6 20*6 17*2 10 21*6
8 19*4 17*7 A t Haulbowline Noon. 22*8

10 19*4 17*2 2 200
Midn. 17*7 172 4

July 16lh . . 2 17*2 17*2 6 20*0
4 16*6 17*2 8 17*2 17*4
6 17*6 17*2 10 16*6 16*6
8 18*9 17*2 Midn. 166 16*6

10 22*6 17*7 July 20th .  . 2 16*9 17*7
A t Belfast . . Noon. 22 5 18*9 4 16*6 18*0

1 2 17*2 18*9 6 17*6 18*3



C H A P .  V I I . ] DEEP-SEA TEMPERATURES. 3 3 7

Onto an d  ro e ltio n .

H
ou

r.

i ?
1

H

Û
H o

D ate  a n d  Position .
iota I lp  o io

Dca.
Coili.

Decoui
July 23rd . .

Deg.
Cent SSL

July 20th . . 8 2 0 - 5 1 8 -3 4 1 7 -2 1 8 -3
1 0 2 1 1 1 8 9 6 1 8 9 1 8 -3

Lut. r>0“ 28' N . X 
Long. 9° 37' W . } Noon. 2 2 2 1 8 9

8
1 0

1 7 -5
1 7 -2

1 8 -3
1 8 -3

2 2 0 - 8 19*7 Midn. 1 0 -0 1 8 -3
4 2 0 0 1 9 -4 Ju ly  24th . . 2 1 7 -2 1 8 -3
6 2 0 0 1 8 -9 4 1 7 -2 1 8 -3
8 1 8 -6 1 8 -3 6 1 7 -6

10 1 7 -7 1 8 -3 8 1 8 -0 1 8 -0
Midn. 1 7 - 2 1 8 0 10 . 1 8 -9 18*3

July 21st. . . 2
4

1 7 -7
1 7 -2

17*7
1 6 -9

L ût 47* 40' N. î 
Long. 11*34' W. { Noon. 1 8 - 3 18*3

6 1 7 -7 1 7 -5 2 1 9 - 4 1 8 -3
8 1 7 -7 1 7 -5 4 1 8 -9 18*3

1 0 1 8 -9 1 7 -5 6 1 8 0 17*7
Lnt. 48’ 51' N. { 
Long. 11° 8'W . ( Noon. 1 9 -4 1 7 -5

8
1 0

1 8 0
1 8 -3

1 8 - 0
1 8 - 3

2 2 0 - 8 1 7 - 2 Midn. 1 7 -7 1 8 -3
4 18-3 1 7 - 2 July 26th . . 2 1 7 -2 1 8 0
6 18-3 17*2 4 1 0 -9 1 8 - 3
8 1 8 0 17*7 6 1 0 - 0 17*7

10 17*7 17*7 8 1 7 -7 17*7
Midn. 1 7 - 7 17*7 1 0 1 8 0 17*7

July 22nd . . 2
4

1 7 * 7
1 7 * 7

1 6 -9
17*7

Lat. 49“ l 'N .  ) 
Long. 12“ 22* W. J Noon. 1 8 -9 1 7 -7

6 1 8 -3 1 8 -3 2 1 8 -3 17*7

8 1 8 D 1 8 0 4 1 8 -3 17*7
10 1 7 - 2 17*7 6 1 8 -3 1 7 -7

Lnt. 47* 38* N. î 
Long. 12“ 11' W. J Noon. 1 9 - 4 1 8 -3

8
10

1 9 -4
1 8 3

1 8 -3
17*7

2 1 9 - 4 1 8 -3 Midn. 1 8 -9 1 7 -6
4 2 0 0 1 8 - 3 July 2 6 t h  .  . 2 1 0 1 1 7 -2
6 1 8 * 9 1 8 3 4 1 0 1 1 7 -2
8 1 7 5 1 8 - 3 6 1 7 -2 17*4

10 1 7 5 1 8 - 3 8 1 0 1 17*5
Midn. 17*2 1 8 - 0 10 1 8 -9 17*7

July 23rd . . 2
4

1 7 -2
1 6 6

1 8 0
1 8 -3

Lnt. 49“ O' N. ) 
Long. 11“ 58' W. J Noon. 18*9 17*7

fi 17*7 1 7 -7 2 17*2 17*7
8 1 9 -4 1 8 0 4 1 6 -9 17*7

IO 1 9 1 1 8 0 6 1 0 -9 17*7
Lnt. 4 7 “ 30 ' N. ) 
Long. 11“ 5 2 'W .  J Noon. 200 1 8 0

10
1 6 -4
1 0 1

17*7
17*7

2 2 0 0 18-3 Midn. 1 5 -8 17*7



3 3 3 TH E  D E P TH S OF TH E  SE A ; [ c h a p .  V I I .

I . I I I ! |
P u te  and Position. 1 PB O

I I
Is

O

D ato an d  Position. 1 E o
i»
Báo

SSL Deg.
Cent. Deg.

C e n t
«  t a  .ta*

Dog.
Cent.

July 27th .  . 2 15-5 17*7 Lat. 51* 5' N. ) Noon.4 15*0 17*2 Long. 11*22'W.{ 17*7 15*8
6 17*2? 17*5 2 17*78 14*6 17*5 4 17*5 .16*1

10 ‘18*9 17*5 6 17*2 16*6
Lat. 49° IO7 N. Î 
Long. 12*45' W. j Noon. 18*0 17*5 8

10
16*6
16*6

16*6
15*52 17*7 17*5 Midn. 16*6 15*8

4 18*9 17*7 July 31st. . . 2 16*3 15*5
6 18*3 17*7 4 15*5 15*5
8 16*1 17*7 6 15*3 14*7

10 16*1 17*7 8 17*2 14*7
Midn. 16*8 17*7 10 18*9 125

Ju ly  28th .  . 2
4
6

15*3
15*0
15*5

17*5
16*6
16*9

Near Cork Har- ) 
hour . . . ) Noon.

2
16*6 12*2

8 18*6 16*6 4 18*3 16*1
10 17*7 16*6 6 „ 16*1 15*8

Lat. 49*59' N . \  
Long. 12*22' W . ƒ Noon. 19*4 16*6 8

10
14*4
12*7

14*4
11*6

2 19*7 16*9 Midn. 12*7 11*1
4 18*3 17*1 August 1st .  . 2 12*2
6 16*6 16*9 4 12*2
8 15*6 16*9 6 13*9

10 15*8 15*5 8 16*6
Midn. 16*1 16*6 10 17*5 14*7

July 29th .  . 2 16*1 17*2 A t Queenstown. Noon. 19*1 14*7
4 15*5 17*7 2 18*9 15*3
6 15*8 16*9 4 18*9 15*8
8 16*4 16*9 6

1 10 16*6 18*6 8 13*9 15*8
Lat. 50*24' N . ) 
Long. 11*42'W . j Noon. 17*2 16*3 10

Midn.
12*2
12*6

15*0
14*7

2 16*1 16*3 August 2nd . . 2 12*2 14*4
4 17*7 16*3 4 11*9 15*0
0 17*7 16*6 6 12*7 15*5
8 16*3 17*2 8 16*0 15*3

10 161 16*6 10 14*7
Midn. 16*1 17*2 A t Queenstown. Noon. 16*6

Ju ly  30th .  . 2 16*1 15*8 2 15*6
4 16*1 15*8 4 16*4 15*0
6 17*2 15*8 6 ‘ 15*3 15*6
8 17*2 15*8 8 13*9 15*0

10 17*2 15*6 10 13*9 150



C H A P .  V I I . ] DEEP-SEA TEMPERATURES. 3 3 9

Dato and Position. I

I

h
p

t  i

f

H

Dato and Poeltlon.
• áoH

§

ï ü I !1 2

O

Dog. Dog. Dfg. Deg.
Gout. Oont. Cent. C en t

August 2 n d  .  . Midn. 13-9 13-9 August 6th .  . 10 17-7 14-7
August 31x1 .  . 2 16-3 14-4 A t Belfast . . Noon. 18-3 16-6

4 1 5 5 1 4 1 2
6 1 5 0 13-9 4 18-9 17-2

• 8 1 5 5 . 1 3 0 6 1 6 0
1 0 16-5 1 4 1 • 8 1 3 0 16-6

Lat. 5 2 °  2 2 ' N. ) 10 1 1 1 1 6 1
B ln c k w a te r ,  > Noon. 1 6 1 13-6 Midn. 1 0 0 16-0

Lat. N. 11 miles. ) August 7th .  . 2 10-8 15-6
2 16-2 13-9 4 1 1 1 15-5
4 18-3 1 4 1 6 12-7 16-5
0 17-2 14-7 8 14-4 15-5
8 15-5 13-3 10 16-3 15-5

1 0 1 4 4 13-3 A t Belfast .  . Noon. 1 5 0 16*0
Midn. 14*4 13-3 2 16-3 16-5

August 4th .  . 2 13-9 13-9 4 1 6 0 16*6
4 13*3 1 3 9 6 1 5 6
6 13-3 12-7 8
8 11-9 12-5 10 14-7 16*6

1 0 13*9 12-2 Midn. 1 6 0 14*7
At Copeland Is- ) 

land . . . ) Noon. 14-4 12-5
August 8th .  . 2

4
13-9
13-9

15*0
16*0

2 1 6 0 13-9 6
4 1 6 1 1 6 1 8 1 5 0 16*0
6 16-6 15-8 10 16-5 15*3 *
8 13-3 At Belfast .  . Noon. 17-2 16*8

1 0 1 3 3 1 6 0 2 20-8 16*1
Midn. 1 1 1 1 3  9 4 16-6 16*8

August 5th . . 2 1 1 1 1 4 1 6 1 3 9 15*5
4 10-6 14-4 8 14-4 15-8
6 12-7 14-6 10 13-6 15*8
8 16-3 14-7 Midn. 13-9 1 5 5

1 0 18-3 1 5 0 August 9th .  . 2 13-3 16*6
A t Belfast . . Noon. 16-9 15-6 4 13-3 16-5

2 17-4 6 13-3 15-3
4 17-7 16-4 8 13-3
6 12-8 1 5 6 10 14-4 15*6
8 At Belfast .  . Noon. 1 5 0 16-6

1 0 1 1 1 1 5 0 2 1 6 1 1Ö-Ö
Midn. 1 0 0 1 6 0 4 16-6 16-5

August Gth .  . 2 10-6 14-7 6 14-4 15-8
4 1 0 0 14-4 8 11-4 15-5
G 12-6 1 4 1 10 10-5 1 6 0
8 16-0 14-4 Midn. 1 0 0 14*4



3 4 0 TU E D EPTH S OF TU E SEA. [ c h a p .  v u .

Dato and Position. S 1 | (11*"■3

Date and Position. ä
a

£

PB o

! §

lí4
D e g . D e g . D e g .
Cent. Gout. Cent. Cent.

August 10th. . 2 I l l 13-9 August 13th. . 2 12-5 11*6
4 10-5 14-7 4 12*7 12*2
6 10-5 14-4 6 13*3 11*6
8 11-4 14-4 8 120 12*7

10 13-9 10 11*4 11*6
At Belfast . . Noon. 155 160 Midn. 111 12*2

2 150 August 14th. . 2 11*6 12*0
4 14-7 4 11-4 11*4
6 12-7 6 11*4 12*2

•JÉ 8 11-9 150 8 13-3 120
10 11-6 14-4 10 12-7

Midn. 11*6 139 At Stornoway . Noon. 15-5 12*2
August 11th. . 2 10-5 13*9 2 161 125

4 11*7 13-3 4 15-0 12*7
6 12-2 136 6 14-7
8 13-3 13*9 8 13*3 12*2

10 14-4 10 13-3 12*5
In  Belfast Lough Noon. 14-4 14-4 Midn. 12-7 12*2

2 15-3 12-2 August 15th. . 2 133 12*2
4 150 130 4 13-3 12*2
6 139 122 6 13-3 12*2
8 12-2 12*2 8 13-9 12*2

10 11*7 11*7 10 13*9 12*2
Midn. 120 11*7 At Stornoway . Noon. 14*4 12*2

August 12th. . 2 12-2 122 2 15*8 12*5
4 111 11*7 4 16*1 12 5
6 11*4 120 6 15*5 12*5
8 133 12-5 8 13*3 12-5

10 17*2 12-7 10 12*7 12*7
Coli Island, ) Noon. 18*3 12-6 Midn. 13*0 12*2

North, 3 mile« J August 16th. . 2 12*7 12*2
2 15-3 13-3 4 12*7 12*2
4 14-4 12*2 6 13*3 12*2
6 12*7 12-2 8 13*3 12*2
8 12-2 12*0 10 13*6 12*2

10
Midn.

11*7
120

12*2
12-2

Lat. 69’ 21' N. ) 
Long. 6* 58' W. j Noon. 13*3 12*0

August 13th. . 2 12-7 11-6 2 130 12*2
4 12-6 11*6 4 13*3 12*2
6 12-7 120 6 13*3 12*2
8 12-5 120 8 12*7 12*2

10 14-7 11-6 10 12*6 12*2
Shiant Islands, ) XT 1 1 *42 Midn. 12-2 12*2
N. N. W. 6 miles \ JNoon. IO 0 1 1 0 August 17th. . 2 111 i r e



C I I A P .  V I I . ] DEEP-SEA TEMPERATURKS. 341

Dnto and Poiitlon. 5O u
K SI Dal« and PoalUon. i

L
1 2 IIB s S m 8 o E |

|.
H o H

1 Dog.
Cent.

Dog.
Oent

Lat. 60* 36' N. ) 
Long. 6* 4 1 'W. J

SSL SSL
; August 17 th . . 4

0
12-2
12-2

11*0
11*9 Noon. 13*3 11-4

8 122 2 12*7 11*4
10 13*9 12*2 4 12*2 11*6

Lnt. 69* 30* N. ) 
Long. 7* 12* W. ( Noon. 13-9 12*2 6

8
9*4
9*4

11*4
10*5

2 13-6 11*9 10 97 10*0
4 141 11*0 Midn. 10*0 9*4

1 6 13*0 11*9 August 21st. . 2 10*0 9*4
1 8 12*6 11*4' 4 9*4 9*4
j 10 12*7 11*1 6 10*0 9*4
• Midn. 12-2 11*1 8 10*0 10*0
i August 18th. .
i

2 12-2 10*5 10 13*6 9*7
4
6

122
12*7

11*1
11*1

Off Sandii in j 
Fœroe Islands j Noon. 13*3 9*1

8 13-9 11*4 2 11*4 - 8*8
10 136 10*8 4 11*7 9*1

I Lat. 60* 25' N. ) 
! Long. 8° y W .  j Noon. 13-6 11*4 6

8
11*4
10*6

9*1
9*1

2 12*7 11*1 10 10*8 9*4
4 12-6 10*8 Midn. 10*5 9*4
6 12*2 11*1 August 22nd . 2 10*5 9*1
8 12*2 11*1 4 10*8 9*4

10 12*2 11*1 6* 11*1 9*1
1 Midn. 12*2 11*1 8 11*6 9*4
I August 19th. . 2 12*2 11*1 10 12*7 9*4

4 12*2 11*1 A t Thorshavn . Noon. 14*4 9*4 •
6 12*7 11*4 2 13*3 9*7
8 127 11*4 4 12*2 10*0

I 10 13*3 11*4 6 13*3 9*7
1 Lat. 60° 13' N. ) 
! Long. 6" 41' W. j Noon. 127 11*1 8

10
10*5
10*0

9*4
9*4

2 13*3 11*1 Midn. 10*0 9*4
i 4 13*9 August 23rd 2 9*4 9*4

6 12*7 11*1 4
8 127 11*1 6 • 10*8 9*4

I 10 12*7 11*1 8 10*6 9*4
Midn. 12*2 10*5 10 12*7 9*7

August 20th. . 2 12*2 10*5 1 A t Thorshavn . Noon. 12*7 9*7
4 12*0 10*0 1 2 12*7 9*4
6 12*2 10*8 j 4 12*7 - 9*4
8 12*6 10*5 6 12*2 9*4

10 12*5 10*3 : 8 11*6 9*1



3 4 2 TH E D E PTH S OF TH E SEA. [ C H A P .  V I I .

I . SS = «3 5
« «

l l
Dale and Poaltlon.

1 h
l*o I ! Date and Position.

E PB  o  V H

Deg.
Cent ESl

Deg.
Oeut.

Deg.
Cent.

August 23rd 10 111 9-4 August 27th. . 8 111 11-4
Midn. 111 .9 1 10 11-6 11-6

August 24th. . 2
4

111
111

91
94

Lat. 60’ 26' N. ) 
Long. 0’ 15' E. J Noon. 12-5 11-6

6 111 94 2 13-3 12-2
8 11*4 91 4 12-2 11-9

10 11*6 91 • 6 111 11-9
About 10 miles j Noon. 15-5 9-1 8 111 12-2
Enat of Haalflö j 10 100 12-2

2 120 97 Midn. 9'4 11-1
4 13-3 100 August 28th. . 2 ' 105 11-6
6 111 94 4 12-2 11-6
8 11-1 9-4 6 11-9 11-9

10 10-5 9-4 8 100 111
Midu. 111 94 10 100 11-1

August 25th. . 2 11*6 9*7 At Lerwick .  . Noon. 9 4 11-1
4 11-6 9*7 2 10-5 11*1
6 126 9*4 4 111 111
8 12-5 9*7 6 97 11-1

10 12-5 94 8 8 8 11-1
Lat. 61* 36' N. ) Noon. 12-2 94 10 7-5 11-1
Long. 3* 45' W. j Midn. 7-2 111

2 12-2 9*7 August 29th. . 2 7-2 11-1
• 4 11*6 94 4 77 10-3

6 11-6 94 6 77 11-4
8 11-4 97 8 94 11-1

• 10 11*4 91 10 97 111
Mifin. 120 10-5 A t Lerwick . . Noon. 94 11*1

August 26th. . 2 120 11*1 2 9-4 111
4 120 11-1 4 9-4 11-1
6 • 120 111 6 91 111
8 120 11*4 8 7-7 11-1

10 12*2 11-6 10 7-7 10-8
Lat. 61° 14 N. ) 
Long, r  58' W. j Noon. 12-7 11-4 August 30th. .

Midn.
2

8-9
8-3

10-8
11-1

2 12-7 11-4 4 7-7
4 11-6 11-4 6 8-3 10-8
6 11-1 11-4 8 10-3 11-1
8 11*6 11*4 10 111 11-1

10 11-6 11-1 A t Lerwick . . Noon. 11-6 11-1
Midn. 11*4 111 2 12-7 11-4

August 27th. . 2
4

111
111

111
11-1

4
6

12-2 11-1

1
6 111 11-1 8 77 11-1



O I I A H .  V I I . ] DEEP-SEA TEM PERATURES. 3 4 3

Dnto und PühIUoii.
*B3tu

£

ifr
f l

I fn
_

Date uml Position.
.

1

K
6

II*co

I Io
D e « . P ,,g.* Deg. D eg.
C e n t . C en t. I Cent. Cent.

August 30th. . 10 72 11*1 Septcml>er 3rd . 10 13 0 11-6
Midn. 6*6 11*1 Lnt. GO“ 3' N. ) Noon. 12*7 11-6August 31st. . 2 7*2 10*5 Long. 5° 10' W. ]

4 7*7 10-6 2 12*6 11*6
G 10*0 11*1 4 12*2 11*6
8 10*0 11*1 6 12*2 11-4

10 i r e 10*8 8 12*6 114
At Lerwick . . Noon. 12*2 l i i 10 12*7 11*6

2 13*6 11*1 Midn. 12*7 12-2
4 l i i 11*1 September 4th . 2 12*7 12-2
G 10*5 IM 4 13*3 12-2
8 l i i 11*1 6 13-9 12*6»

10 10*8 10*8 8 13-9 126
Midn. 10*5 l i i 10 14-4 12-2

September 1st . 2
4

11*1 
11*1

11*1
11-6

Lnt. 59° 4.? N. ) 
Long. 6“ 35' W. f Noon. 13-3 12-2

G i r e UG 2 .13-3 12-2
8 i r e UG 4 130 12-2

10 i i i 11*4 6 12-7 12-2
Lat. GO* 27' N. ) 
Long. 3* 11' W. }

Noon. i i i 11*6 8
10

12-7
12-2

U G
HG

2 12-2 11*6 Midn. 12-6 120
4 13*3 11*4 September 5th . 2 12-2 120
G 11*6 11*1 4 12-6 11*6
8 11*4 11*1 G 12-7 UG

10 11*1 11*6 8 12-7 11*6
Midn. 11*1 11-6 10 13-3 120

September 2nd . 2
4

10*8
10*8

10*8
l O ß

Lat. 59“ 38' N. ) 
Long, ö" 25* W. j Noon. 14-4 12-2

6 11*1 10*3 2 136 UG
8 11*1 10*3 4 120 11*6

I O 11*1 10*3 G U l 11*6
Lat. GO* 29' N. ) 
Long. 4’ 38' W. | Noon. 11*4 10*0 8

10
U l
10-8

UG
U-4

2 11*4 10*3 Midn. U l U-4
4 11*6 10*5 September 6th . 2 11-1 U-4
G i r e U l 4 U l U-4
8 U l U l 6 12-2 UG

10 11*6 11*4 8 130 UG
Midn. i i l 116 10 12*7 12-0

September 3rd . 2
4

11-6
11*1

U l
U l

Lnt. 59“ 37* N. ) 
Long. 9“ 4* W . J Noon. 12*7 12-2

G 11*1 U*6 2 130
8 H C 11-6 4 12-7 12-2



3 4 4 TH E D E P TH S OF TH E  SEA, ( c h a p .  v i i .

Dát« and Position. i
H

¡ 4
B ° ¡i

S a
^  o

Dato and Position. aon

£ IIc  p

Deg.
Cent.

Deg.
Cent.

Deg.
Cent. Cent.

September 6th . 6 12-2 120 September 10th 6 14*4 12*7
8 12-2 12-2 8 16*0 12*7

10 12-2 122 10 13*9 12*7
Midn. 110 11-6 At Stornoway . Noon. 16*3 13*3

September 7 th . 2 11-4 11-6 2 16*3 13*9
4 10-6 11-6 4 16*0 13*6
6 10-5 11-9 6 13*9 13*3
8 12-2 11-6 8 12*7 13*3

10 14-7 11-9 10 12*2 13*0
Lat. 59* 41' N. j Noon. 16-6 12-2 Midn. 11*6 12*7
Long, r  3 2 'W. J September 11th 2 111 12*7

2 13-9 12-2 4 111 12*7
4 13-3 12-2 6 111 12*7
6 12-7 12-2 8 111 12*7
8 12-6 12-6 10 13*9 12*7

10 12-7 12-2 A t Stornoway . Noon. 15*3 12*7
Midn. 12-2 12-2 2 13*3 12*2

September 8th . 2 12-2 11-6 4 11*6 12*7
4 12-7 11-9 6 11*4 12*7
6 12-7 11-9 8 10*8 12*7
8 13*6 12-2 10 9*7 12*2

10 160 12-7 Midn. 9*4 12*2
Lat. 69* 7 ' N. ) 
Long. 6’ 35' W . j Noon. 14-4 12-7 September 12 th 2

4
9*1
8*9

12*2
12*2

2 15-3 127 6 9*4 12*2
4 16-6 12-7 8 11-4 12*2
6 13-3 12-5 10 12*5 122
8 13-3 12-5 At Stornoway . Noon. 12*7 122

10 13-3 130 2 12-7 12*5
Midn. 127 130 4 12*7 12*6

September 9th . 2 13-3 12-7 6 11-1 122
4 13-3 12-7 ‘8 10*6 122
6 13-3 12-7 10 10*0 12*2
8 130 12*7 Midn. 111 12*0

10 13-3 12-7 September 13 th 2 100 11*6
A t Stornoway . Noon. 13-9 12-7 4 9*1 111

2 6 11-1 11*6
4 14-4 12-7 8 111 11*6
6 16-3 12-7 IO 13*0 12*2
8

10
16-6
16*5

12-7
13*3

In Loch ShoU-) 
dag . . . .  { Noon. 12*2 12*0

Midn. 16-6 127 2 14*1 12*2
September 10th 2 13-9 12-7 4 14*4 12*2

4 14-4 12*7 6 13*9 122



C I U P .  V I I . ] DEEP-SEA TEMPERATURES. 3 4 5

D n lc  a n d  P o s i t io n . Soa

Ek
E °

IIh
s i

H o

Dato and Position.
t .
0a
n p

£

c 2
H

I a3Bc »
H wO

September 13th 

September 14 th

8
10

Midn.
2
4

6
8

10

D og.
Cont.
130
12-2
122
110
12-2
12*5
12-2
11-6

P * *Cont.
122
122
122
125
12-2
122
12-7
12-7

Abreast of Mull Noon.
2
4

6
8

10
Midn.

0 %
12-7
14-4 •
14-4
13*6
130
12-6
120

CoS.
130
13-3
133
127
13*3
13*0
13*0

I I .  S u r f a c e  T e m p e r a t u r e s  o b s e r v e d  d u r j n o  t h e  S u m m e r  o f  1870 .

E S3

Date and Position. iB ¡ I
it«CO
13®«o

Dato and Position.
S’
S

S3'
K
H

IB«  en

P

Dog.
Cent.

Dog.
Cont.

Dog.
Cent.

Dog.
Cont.

July 6th . . . 2 13*9 12*2 July 7th . . . 6 19*4 16*4
4 14*4 12*7 8 17*2 16*1
6 13*9 12*5 10 16*9 16*4
8 14*7 14*7 Midn. 16*6 16*4

10 15*3 13*6 July 8th . .  . 2 16*6 16*1
Off Scilly Islands Noon. 18*6 18*3 4 16*1 16*1

2 19*7 17*4 6 16*9 16*1
4 19*4 18*3 8 19*1 16*2
6 18*9 18*3 10 20*8 16*1
8 17*4 17*7 Lot. 48° 31' N. \. a w V > Noon. 19*6 17*2

10 16*6 17*2 Long. 10* 6 W. I
Midn. 10*1 17*2 2 200 17*6

July 7th . . . 2 16*6 16*6 4 18*6 17*5
4 ICC 16*0 6 19*1 17*5
6 16*6 16*6 8 17*7 17*2
8 16*9 16*9 10 16*9 17*2

10 17*7 10*4 Midn. 16*6 16*9
Lut. 48° 4 0 'N. 1 
Long. U* 35' W. ƒ Noon. 18*3 16*4 Ju ly  9th . . . 2

4
16*1
16*6

16*9
16*6

2 19*4 10*4 6 16*1 16*6
4 18*9 17*2 8 16*1 16*6



3 4 6 TH E D EPTH S OF TH E SEA. [ c h a p .  v i r .

f ee o

i l C o

P a t«  an il P ositio n . I I ! D a to  a n d  P ositio n . n
C If
P

V

C a|H
Ü
Ho

July 9th . . .
Dog.
C ent.

Dog.
C ont. 3 &

Dog.
C ont.

10 17-5 16-6 July 12th .  . 6 17-9 180
Lat. 48° 261 N. ) 
Long. 9° 43* W. j Noon. 175 16-6 8

10
16-6
16-6

180
17:2

2 16*4 16-6 Midn. 16-6 17-7
4 17-2 16-6 July 13th . . 2 17-2 17-7
6 16-4 16-6 4 17-5 18-3
8 16-4 16-1 6 17-7 17-7

10 166 166 8 18-6 175
Midn. 161 16-4 10 18-9 17-7

July 10th .  . 2
4

161
16-4

166
16-4

Lat. 44* 59' N. ) 
Long. 9*33' W. ) Noon. 19-7 18-2

6 16-6 16-4 2 21-1 18-9
8 16-4 16-4 4 225 18-9

10 17-3 16-6 6 211 18-3
Lat. 48* 28* N. ) 
Long. 9* 42' W. \ Noon. 161 16-6 8

10
175
17-5

18-3
180

2 17*7 16-9 Midn. 17-2 180
4 19-4 16-9 July 14th . . 2 17-7 17-9
6 19-6 16-6 4 17-2 17-2
8 16-2 16-6 6 16*9 161

10 16-1 16-1 8 18-3 161
Midn. 16-1 101 10 186 15-6

July 11th .  . 2 16-1 166 Cape Finisterre. )
4 16-4 16-4 * E. N. N. > Noon. 18-6 15 8
6 16-4 161 10 miles . .  )
8 18-3 161 2 18-6 15-8

10 18-6 166 4 191 158
L a t 48* 8 ' N . ) 
Long. 9° 18' W. j Noon. 18-6 16-9 6

8
17-5
16-6

15-8
16-5

2 18-4 17-2 10 16-6 16*8
4 191 17-3 Midn. 16-6 161
6 17-3 17-4 July 15th .  . 2 16-6 161
8 16-6 16-6 4 16-6 16-6

10 17-2 17-2 6 17-5 16-4
Midn. 17-2 17-7 8 18-3 16-9

July 12th .  . 2 17-2 17-7 10 18*9 17-2
4
6

17-7
17-4

17-7
180

L a t 42* 11' N. ) 
Long. 9*13 'W . j N o o d . 200 16-4

8 17-7 18-3 2 223 17-6
10 186 180 4 21-2 179

L a t 46° 26* N. i Noou 191 18*2 6 190 18-9
Long. 9* 31' W. j VVU» 8 17-9 18-9

2 19-4 18-0 10 17-7 18-9
4 17-7 180 Midn. 18*9 19-3
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Dato and Position.
i
3 Is -5 !

b
Date and Poeitlon. I

k
f lo IIc o 

H I s P
S  m

Dff.
Cent. s a t

Deg-
Cent. CenL

July 1 6 th  .  . 2 1 5 5 19-0 July 1 9 th  .  . 2 20-3 18-0
4 17-2 18-9 4 20-3 18*0
6 18*3 17-9 6 19-5 17-9
8 20-1 19-4 8 19-4 18*3

10 2 3 2 17-9 10 18-9 18-4
A t  Vigo .  .  . Noon. 23-6 17-8 Midn. 18-6 18-4

2 2 3 0 17-9 July 2 0 th  .  . 2 18-3 18-3
4 2 3 4 1 8 0 4 18-3 18-3
6 21*6 17-2 6 19-4 18-4
8 1 8 4 1 6 1 8 24-4 18-9

IO 17-7 16-6 10 23*3 20-6

July 17th . .
Midn.

2
17-2
177

16D
161

L a t 40“ O' N . I 
Long. 9° 4 9 'W. i Noon. 244 21-1

4 17-6 165 2 25-5 21-1
6 17-7 16-6 4 263 21-8
8 19-7 16-4 6 233 21-8

10 22*2 16-1 8 21-6 197
At Vigo . . . Noon. 3 2 2 16-4 10 21-3 20-8

2 2 6 0 16-9 Midn. 21-3 20-5
4 2 6 8 16-8 July 21st. . . 2 21-1 20-5
6 22*5 16-4 4 21-5 19-7
8 20-8 10-4 6 23-3 18-9

10 200 16-5 8 22-7 19-4
Midn. 180 16-2 10 24-5 19-4

July 16th . . 2
4

lfi-3
17-7

16-4 Lat. 39° 39' N. ) 
Long. 9° 3 6 'W. j Noon. 26-5 19-4

6 18-9 16*1 2 2 5 0 19-4
8 19-4 16-6 4 2 3 9 19-7

10 18-9 6 . 21-8 19-4
Lat. 41° 5 5 ' N. | 
LoDg. 9°30 'W . i Noon. 19-1 16-2 8

10
201
19-6

19-4
19-4

2 18-6 16-3 Midn. 19-6 19-1
4 18-9 1 6 3 July 22nd .  . 2 19-4 18-9
6 18-9 16-4 4 18-9 18-9
8 18-3 16-6 6 200 18-2

10- 18-3 16-6 8 21-2 18-3
Midn. 17*7 16-4 10 25-0 19-4

July 19th . . 2
4

17-7
1 7 7

16-9
16-9

The Fariihoes, j 
S.S.E. 5 miles i Noon. 2 5 0 18-9

6 19-4 16 9  : 2 2 3 9 19*1
8 20-8 17-6 j 4 2 3 3 20-5

10 201 1 7 7  1 6 2 3 9 19-4
Liit. 40“ 16* N. ) 
Loug. 9° 33' W . j Noon. 20-3 17-9

8
10

200
18-9

19-4
18-3

•
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D ato  an d  Position.

July 22ud . . 
July 23rd . .

A t Lisbon

July 24th

At Lisbon . .

July 25 th

Lat. 38* IV  N. | 
Long. 9* 29' W. |

July 26th

Dog. Dog.
Cont Cont.

Midn. 191 1 8 0
2 18-9 18-5
4 19-3 19-4
6 20-5 18-3
8 2 3 3 20*5

10 2 4 7 221)
Noon. 2 2 5 2 1 1

2 2 3 6 191
4 21-6 2 0 0
6 2 3 0 21*6
8 20-5 20-3

10 195 191
Midn. 201 19-5

2 19-4 18-6
4 19-4 20-5
6 201 21*6
8 2 0 8 2 0 8

10 21-2 2 0 1
Noon. 241 19-4

2 23*0 20-5
4 22-1 201
6 2 2 2 21-2
8 20-6 21-4

10 2 0 0 2 0 0
Midn. 19*4 197

2 191 2 0 0
4 19-0 2 0 0
6 20-3 191
8 20-4 19-4

10 20-8 191
Noon. 21-8 19-4

2 . 2 1 1 19-4
. 4 20-8 19-4

6 21*8 19-4
8 20-0 180

10 18-6 177
Midn. 180 177

2 18-3 17-4
4 18-3 177
6 191 191
8 19-4 191

10 20-3 19-3

D ato and Position.

Lat. 38* 1 r  N. ) 
Long. 9*23'W. j

July 27th

Lat. 37* IB' N. ) 
Long. 9* 1*  W. j

July 28th .  .

Lat. 36* N. ) 
Long. 8* 44' W. j

July 29th

Lat. 36* 46' N. ) 
Long. 8* 8' W. (

3o
H liE O 

£

1

l í
¿ 1

Dog. Dog.
Cent. Ccut

Noon. 2 0 0 18-9
2 2 0 0 191
4 2 0 0 191
C 2 0 0 19-4
8 19-4 191

10 2 0 0 191
Midn. 2 0 0 1 9 0 '

2 19-4 19*1
4 19*4 19*1
6 19-4 1 9 1  j
8 2 0 0 190

IO 21-3 2 0 0
Noon. 211 20-3

2 . 2 3 3 20-5
4 211 20-6
6 2 0 0 2 0 7
8 2 0 0 20-5

10 19-4 20-5
Midn. 19-5 20-8

2 19-4 20-3
4 19-4 20-5
6 191 20-0
8 21*1 211

10 211 2 1 2
Noon. 21-8 21-3

2 21-6 21-6
4 21-6 2 2 0
6 20-5 20-5
8 18-9 2 0 0

10 18-9 19-4
Midn. 18-6 19*1

2 18-3 19-7
4 18-3 19-7
6 2 1 1 21-6
8 221 2 2 4

10 2 3 0 22-2
Noon. 2 3 3 225

2 23-3 2 2 3
4 2 4 8 231

1
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§ £ £ 5

Dut«1 nini Pocillon Ho
ar

.

K
H

ij
g l

Dftto mid Potltlon. g
B

-3 !
H t .O

l>pg. Deg. D e Deg.Cont Cont. cent Cent.
July 29th .  . G 22‘2 22*6 August 2nd . . 8 21-7 23*2

8 21-1 22*3 10 22*8 24*4
10

Midu.
211
205

21-6
21-6

Lat. 36* N. i 
Long. 6 * 4 6 'W. j Noon. 228 23*0

July 30th . . 2 20-3 21*9 2 22*5 230
4 20-5 22*2 4 22-7 .23*0
G 20-5 22*8 6 21*8 22*8
8 224 22-5 8 21*2 22*2

10 233 22‘9 10 21*3 22*5
Lnt. 3(5* 27' N. ) Noon. 230 23*1 Midn. 211 22*2
Lon« 0° 39* W. j August 3rd . . 2 20-5 22*0

2 253 24*1 4 20*5 22*0
4 22*5 241 6 21-8 228
G 228 24*2 8 23*7 222
8 21*0 24*1 10 233 21*8

10
Midu.

210
21*5

24*3
24*3

Lat. 36* 39' N. | 
Long. 7* 4' W. J Noon. 21 G 22*0

July 31 »t. . . 2 211 22*8 2 226 22*2
4 210 23*3 4 241 22*2
6 21*9 23*6 6 23-2 22*2
8 225 24*1 8 21-8 22*2

10 245 23*9 10 21*8 22*0
At Cadiz . . . Noon. 26*2 24*0 Midn. 226 22*0

2 25-1 24*1 August 4th . . 2 22-2 22*2
4 24*0 24*3 4 22-2 22-2
6 240 24*4 6 23*2 22*2
8 23*4 24*4 8 23*9 22*2

10 22*7 24*1 10 24*4 23*3
Midn. 22*6 24*1 Lat. 36*35' N. ) Noon. 26*0 233August 1st . . 2 223 23*9 Lotfg. 6* 24' W. 1

4 21*6 22-8 2 27*2 23*4
G 226 23*9 4 26-6 233
8 24*4 241 6 24-4 23*3

10 24*1 24-4 8 22-2 21*8
At Cadix . . . Noon. 239 24-7 10 22*2 22*0

2 23*6 24-4 Midn. 22-2 22*2
4 23*6 24*4 Octobor 1st . . 2 17*4 18*9
G 216 233 4 17-8 18*9
8 21*6 23-G G 180 18*0

10 21*6 239 8 19*4 17*9
Midn. 21*8 239 10 221 21*6

August 2nd . . 2
4

21*9
21*3

233
23*0

In Strait of | 
Gibraltar . . | Noon. 23*3 22*2

6 21*0 233 2 24*1 23*4
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Date and Position. n
Lk
H

t ílí
Ho

Date and Position Û
H

¡ i
f o
s

flII
l|

October 1st . .
D eg.

C o n t .
D e g .
C e u t .

D eg.
L o u t .

D eg.
C e n t

4 22'5 22*8 October 5th . . 2 183 18-9
6 220 22*6 4 18-6 19-4
8 211 225 6 17-5 18-3

10 21-6 222 8 17-2 17-2
Midn. 20-8 226 10 198

AA. A
18-3

October 2nd . . 2 21-1 228 Lat. 43° 33' N. | Noon. 17-74 223 233 Long. 9° 3 ' W. i 200
6 226 229 2 205 101
8 24-7 232 4 198 19-3

10 24*7 233 6 18-3 19-4
Lat. 36* 27' N. ) 
Long. 8* 3 1 'W. \ Noon. 21-1 233 8

10
17-9
18-5

18-6
19-4

2 226 234 Midu. 18-3 18-9
4 237 230 October 6th . . 2 18-1 19-4
6 20-5 22-5 4 18-3 19*1
8 20-5 20-5 6 18-3 18-9

10 20-5 208 8 189 18-8
Midn. 20-5 21-6 10 201 18-6

October 3rd . . 2 200 211 Lat. 46° 1*  N. ) Noon. 200 18-44 19-4 18-3 Long. 8* 8 'W . (
6 191 20-5 2 19-5 18-6
8 18-3 20-8 4 19-3 18-4

10 18-6 20-5 6 18-3 180
Lat. 38* 39' N. | 
Long. 9* 30' W. ( Noon. 22*2 20-3 8

10
18-3
17-9

18-3
18-3

2 21-6 20'5 Midn. 18-3 17-7
4 21*1 21*1 October 7th . . 2 18-2 16-6
6 20-5 20-6 4 17-6 16-6
8 200 19-8 6 16-7 16-6

10 20-6 20-3 8 16-6 17-2
Midn. 20-5 20-5 10 17-5 17-2

October 4th .  . 2 20-8 21-1 Lat. 48* 51' N. ) Noon.4 20-6 21*1 Long. 5° 54' W. j 17*5 170
6 21-1 21-1 2 17-7 16-9
8 21-6 21-5 4 17-7 13-6

10 222 21-0 6 15-3 13-6
Lat. 40* 57' N. | 
Long. 9* 29* W. j Noon. 22-2 21-9 8

10
14-7
15-3

14-1
14-4

2 229 211 Midn. 161 16-5
4 22-2 210 October 8th . . 2 15-6 16-5
6 200 20-5 4 150 15-8
8 20-3 20-4 6 16-6 160

10 18-9 19-4 8 161 161
Midn. 19-3 19-4 10 16-6 16-4
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D ato  a u d  Position .
Ö
S

k
a «
£

D ate  a n d  Position. 1 f e ij

St. Alban’s Hd., \  
English Chan- > 
nel . . . . )

Noon.

2
4

Det .
Cont.

18-0

19-5
16-6

C e ? t

16*2

16‘0
15*8

October 8th . . 

A t CoweB . .

6
8

10
Midn.

SSL
160
147
15-5
15-3

Deg.
Cent.
16*8
16-7
16-6
16*5
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APPENDIX B.

T e m p e ra tu s  o f  the Sea  a t  d ifferen t D epths n ear the E a ste rn  
M arg in  o f  the N o r th  A tla n tic  B asin , as ascertained bíj S eria l 
a n d  by B ottom  Soundings.

S e r ia l  S o u n d in g s . B o t t o m  S o u n d in o s .

Depth.
Tempe
rature. 
8or. 28.

Tempe
rature. 
Ser. 42.

Tempe
ra tu re  
8er. 22 .

Tem pe
rature. 
Ser. 10.

Tem pe
rature. 
Ser. 20

Tem pe
rature. 

Ser. 21.

Tempo- 
raturo. 

Ser. 38.

S ta 
tion.
No.

Depth.
Surfaco
Terape-
raturo.

Bottom
Tem pe
rature.

Pm«.
p eg .
Ceut.

Dog.
Cent. C en t

Deg.
Cent. s&Cont.

Deg.
Ceut. Fni8.

Deg.
Oout.

p eg .
Cent.

0 1 4 0 17-0 13-8 12-6 13-0 13-4 17*7
50 . . . 11-8 2 7 54 13 1 9 0

34 76 18-9 9-8
6 90 12-2 1 0 0

35 96 17-4 10-7
100 9-1 10-6 8 106 12-8 10-6

24 109 14-3 8  0
150 . . . 10-5 7 159 11-8 10-2

14 173 1 1 8 9-7
18 183 11*8 9-6

200 8-9 10-2 13 208 1 2 0 9-7
250 . . . 10-1 9 1 8*9 9 1 9 0 10-2 4 251 1 2 0 9-7
300 8-7 9-7 26 345 1 4 1 8 1
850 • •• 9-5 1 370 12-2 9-4
400 8-6 9-1 15 422 11-2 8*3
450 • •• 8-6 45 458 16-9 8-9
500 7-7 8-5 8 1 8 1 8*3 8-6 8-8 40 517 17-4 8-7
550 8-0 39 557 17-2 8-3
600 6*9 7 5 41 684 17*4 8 0
630 6*3
650 6-8 236 664 1 4 1 5-8
700 • •• 6-4 12 670 11*2 5-9

3 723 12-5 6 1
36 725 17-7 6-6

750 ••• '5 - 8 55 5 1 5 3 5*7 5-2
800 • •• 5-5 2 808 12-3 6*2

16 816 11*6 4-1
862 • •• 4-3 44 865 16*2 4 1

1000 • •• • •• 3-7 3-6 3-7 3-6 3-5 43 1207 1 6 6 8 1
28 1216 14*2 2-8
17 1230 11-8 3-2

1250 . . . • •• . . . . . . 3 1 8*2 3 1 29 1264 13-8 2-7
1300 32 1320 13-8 3 0
1360 . .. • •• . . . 3 0 30 1880 13-3 2-8
1400
1443 • •• • •• . . . 2-7
1476 • •• ... . .. 2-7
1500 . . . • •• ... . .. . . . 2  9
1750 • •• . . . . .. . . . . . . 2-6
2090 • •• . . . .«• . . . 2-4

87 2435 18 6 2 5
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APPENDIX C.

C o m p a ra tive  R a te s  o f  R e d u c tio n  o f  T em p era tu re  w i th  In crea se  o f  

D e p th  a t  Three S ta tio n s  in  d iffe ren t L a ti tu d e s , a l l  o f  th em  on  
the  E a s te rn  M a r g in  o f  the  A t la n t ic  B a sin .

D e p th .

S t a t io n  42. 
L a t  4 0 °  I T .

St a t io n  23 . 
L o t .  6 0 °  18 '.

S t a t i o n  87. 
L a t .  6 9 °  35 '.

T e m p e ra 
t u r e . D iffe re n c e . T e m p e ra 

tu r e . D if fe re n c e . T e m p e r a 
tu r e .

D if fe re n c e .

F a th o m s .

Surface. 17°- 0  C. 14°* 0  C. I I o '  4 0 .
6°' 4  C. 4°* 9  O. 2°' 9 C.

100 10 • 6 9 * 1 8 - 5
0 - 4 0 - 2 0 * 3

200 10 * 2 8 ' 9 8 * 2
0 * 5 0 * 2 o - i

300 9 - 7

T
-

CO 8  * 1

0 * 6 0 '  1 0 - 3
400 9 • 1 8 ' 6 7 - 8

1  ‘ 0 1 - o 0 - 5
500 8  ‘ 1 7 ' 6 7 * 3

0 - 6 0 * 7 1  * 2

6 0 0 7 * 5 6 - 9 6 * 1

1 - 7

750 5 - 8 0  • 9

7 6 7 6  '  2
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APPENDIX D.

Temperature o f the Sea a t different Depths in  the W arm  and 
Cold Areas lying between Ou North, o f  Scotland, Ou Shetland- 
Islands, and Ou F¿¿roc Islands; as ascertaiiud by Serial and  
by Bottom Soundings.

N.B.—Tho Roman n um orals iudicata th e  * L ightning ' Te m pora turo  Soundings,
corroctod for proas uro.
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71 1 0 3 1 1 -6 9*2 61 1 1 4 10*2 7*2
81 1 4 2 1 1  8 9*5 6 2 1 2 6 9*7 7* 0

1 5 0 8-3 84 1 5 5 1 2 -3 9*5 15 0 6*2 8 0 6 0 1 6 7 9-7 6*8
85 1 9 0 1 2 1 9 2 I X . 1 70 11*1 6 0

2 0 0  • 8 -2 2 0 0 4*2 7*5
74 2 0 3 11*4 8*7

2 5 0 1*2 8*5
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47 6 4 2 12*2 6*5 V I I I . 65 0 11*6 - 1 * 8
X V . 5 7 0 11*1 6 3 55 0 - 1 1 7 7 66 0 1 0 -5 - 1 * 3

6 0 68 0 11*6 - 1 * 8
6 0 0 6 1 60 0 - 1 * 2

x v n . 6 2 0 1 1 1 6*8 6 6 60 5 11*4 - 1 8
X I V . 6 5 0 11*6 5*8 67 6 3 2 1 1 1 - 0 * 8

64 0 - 1 * 4
7 0 0

.  8 8 7 0 5 11*9 6*9
7 6 7 5 -2
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APPENDIX E.

In te r m e d ia te  B o tto m  T em pera tures, sh o w in g  the  In te r m ix tu r e  of. 
W a r m  a n d  Cold C u ire n ts  o n  th e  B o rd ers  o f  the  W a r m  a n d  
C old A rea s .

Station.
No. Depth.

Surface
Tempora-

ture.

Bottom
Tompera-

tnro.
Station.

No. Depth.
Surface

Tompero-
ture.

Bottom
Tempera

ture.

72
Fathoms.

76

Deg.
Ceut.
11*3

Deg.
Cent.
9 3 76

Fathoms.
250

Deg.
Cent.
1 0 8

Deg.
Cent.
6 5

79 76 11-2 9 3 78 290 11-2 6 3

73 84 11-6 9 3 82 312 11-3 6 1

71 103 11-6 9*2 83 362 11*8 3 0

74 203 11*4 8*7

66 267 11-4 7 6 16 440 10-9 5 6



CHAPTER V III .

T H E  G U L F  -  S T R E A M .

T h e  R ange o f th e  ‘ P o rc u p iu e ’ T em perature  O bservations.— Low 
T em peratures un iversal a t  g rea t D e p th s .— T h e  D ifficulty  o f  in 
vestigating  O cean C u rren ts .— T he D o c trin e  o f  a  general Oceanic 
C ircu la tion  advocated  b y  C ap ta in  M au ry  and  b y  D r. C arpen ter.—  
O pinion  expressed b y  S ir  J o h n  H erschel.— T h e  O rig in  an d  E x te n 
s io n  o f th e  G ulf-8tream .— T h e  V iew s o f  C ap ta in  M a u ry ; o f  P ro 
fessor B u ff ; o f D r. C arpen ter.—T h e  G ulf-stream  off th e  C oast o f 
N o rth  A m erica.— Professor B ache’s  * Sections.’— T h e  G ulf-stream  
traced  by  th e  Surface T em peratu res o f  th e  N o rth  A tlan tic .— M r. 
F in d lay ’s  V iew s.— D r. P e te rm a n n ’s  T em perature  C h a r ts .— Sources 
o f th e  u n d e rly in g  C o ld  W ate r.— -The A rc tic  R e tu rn  C urren ts .—  
A n ta rc tic  In d ra u g h t.—V e rtic a l D is tr ib u tio n  o f T em pera tu re  in 
th e  N o rth  A tla n tic  Basin.

A l l  th e  tem perature  investigations carried on in  
H .M .S .S . ‘ L ightn ing*  and ‘ Porcupine* during  th e  
years 1868-69 and  1870, w ith  th e  exception o f a 
series of observations already referred to  tak en  in  
th e  M editerranean under D r. C arpenter’s direction 
in  th e  sum m er of 1870, were included w ith in  an  area 
nearly  2,000 E nglish  m iles in  leng th  by 250 in  
w idth, extending from  a  li t t le  beyond th e  Eæroe 
Islands, la t. 62° 30* N ., to  th e  S tra it of G ibraltar, 
la t. 36° N.

T he greater p a rt of th is  belt m ay be described as
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th e  eastern  border of th e  N orth  A tlan tic  fringing 
W estern  Europe. A  sm all b u t very in teresting  por
tio n  of i t  form s th e  channel between th e  Faeroe 
Islands and  th e  N orth  of Scotland, one of th e  chan
nels of com m unication between th e  N o rth  A tlan tic  
and th e  N o rth  S ea; and a  few soundings in  shallow 
w ater to  th e  east of Shetland are in  th e  shallow 
N orth  Sea basin. I t  is evident, therefore, th a t  th e  
g reater p a r t if  n o t th e  whole of th is  be lt m ust par
tic ipa te  in  th e  general scheme of d istribu tion  of 
tem perature in  th e  N orth  A tlan tic , and m ust owe 
any  peculiarities which its  therm al conditions m ay 
present to  some very general cause.

A ll our tem peratu re observations, except th e  few 
taken  in  th e  ‘ L igh tn ing  ’ in  1868, were m ade w ith 
therm om eters protected from  pressure on Professor 
M iller’s plan, and th e  therm om eters were individually 
tested  by C aptain  D avis a t  pressures rising  to  about 
th ree tons to  th e  square inch before they  were fu r
nished to th e  vessel ; they  were also m ore th a n  once 
reduced to  th e  freezing-point during  th e  voyage to 
ascertain  th a t  th e  glass had been in  no w ay distorted. 
The results m ay therefore be received w ith  absolute 
reliance w ith in  th e  lim its of error of observation, 
w hich were reduced to a  m inim um  by th e  care of 
C aptain  Calver.

A  large num ber of scattered observations, most 
of which have unfortunately  been m ade w ith  in stru 
m ents which cannot thoroughly  be depended upon 
for accuracy of detail,— th e  error, however, being 
probably in  th e  direction of excess of heat,— esta
blished th e  singular fact th a t  a lthough th e  tem pera
tu re  of th e  surface of th e  sea in  equatorial regions
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m ay reach 30° C., a t  th e  g reatest depths both in  th e  
A tlantic and in  th e  Pacific th e  tem perature  is no t 
h igher th an  from  2° to  4° C., sometimes falling a t 
g reat depths to  0° C. I  quote from  Mr. P rest wich* s 
able presidential address to th e  Geological Society 
for th e  year 1871, a tab le  of th e  most im portan t of 
these earlier observations ' in  th e  A tlan tic  and the 
Pacific :l—

T e m p e r a t u r e s  o f  t h e  A t l a n t i c .

Latitudo. Longitude.
Depth

in
FatJifl.

Temperature.

Obsorvor and Doto.
Surface. Bottom.

42° O'N. 
29 0 

7  21 
4 25 

15 3 S. 
25 10 
29 33 
32 20 
38 12

34° 40' W . 
34 50 
20 40 
26 6 
23 14 

7 6 9  E .  
10 57 
43 50 
6 4  80 W .

780
1400
505

1006
1200

8 8 6
1051
1074

3 3 3

167° C. 
2 4 4  
266 
270 
2 5 0  
19-6 
19*1 
2 1 :6  
16-8

6 6 °  0 .
61
2 2
3 2
4 1
3 0
2 0
2 4
3 0

Chevalier. . 1837 
„ . . 1837 

L e n z  .  .  . 1832 
Tesson . .  1841 

. . 1841 

. . 1841 

. . 1841 
Lenz . . .  1832 
Tesson . . 1841

T e m p e r a t u r e s  o f  t h e  P a c i f i c .

Latitude. Longitude.
Depth

lii
Faths.

Temperature.

Observer and Date.
8urface. Bottom.

BÍ* 34 ' N . 
28  52  
18  5 

4  32  
E quato r. 
21 14 S. 
32  57 
43  47

161° 4 1 ' E .
173 9
174 10 
134 24 W . 
179 34 
196 1 
176 4 2  E.

80  6 W .

957
600
710

2045
1000

916
782

1066

11-8° C.
2 5 6
24-7
27-2
3 0 0
27*2
16-4
1 3 0

2-5° C . 
6 0  
4-8 
1-7 
2 5  
2 2  
5 4  
2 3

Tessnn .  .  1832 
B eechey .  .  1828 

.  .  1836 
T h e ‘B o n ite ’ 1837 
K o tzeb u e  . 1824 
L enz . .  . 1834 

„  .  . .  1834 
Tesson .  . 1841

1 A ddress delivered  a t  tlie  A nn iversary  M eeting  o f th e  G eological 
Society o f L ondon  on  th e  1 7 th  o f F eb ru a ry , 187 1 , by  Jo se p h  P res t- 
w ich, F .E .S . P p . 36, 37.
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To these m ay bo added th e  observations of Lieu
ten an t S. P . Lee, of th e  U nited S tates Coast Survey, 
who, in  A ugust 1847, recorded a  tem perature of 
2°-7 C. below th e  G ulf-stream  a t  a  depth  o f 1,000 
fathom s, la t. 35° 26' N ., long. 73° 12' W . ; and of 
L ieu tenan t D aym an, who found th e  tem perature a t 
1,000 fathom s in  la t. 51° N. and long. 40° W . to 
be — 0o,4 C., th e  surface tem perature being 12°*5 C. 
These results are fully borne ou t by th e  recent 
determ inations of C aptain Shortland, R .N ., who 
observed a  tem peratu re of 2°*5 C. in  deep w ater in 
th e  A rabian  Sea between A den and  Bombay,1 by 
those of Commander Chimmo, R .N ., and L ieutenant 
Johnson, R .N ., who found a t  various points in  th e  
A tlan tic  a tem perature of about 30,9 C. a t  1,000 
fathom s, and a  slow decrease from  th a t  poin t to  
2,270 fathom s, w here th e  tem perature registered by 
unprotected therm om eters was 6°*6 C., reduced by the 
necessary correction for pressure to  abou t 1°*6 C.,2 
and finally by th e  tem perature determ inations of the 
‘ Porcupine * expeditions, carefully conducted with 
protected instrum ents, b u t n o t carried nearer th e  
tropics th a n  th e  la titu d e  of th e  S tra it of G ibraltar ; 
and they  appear to  go far to  establish a nearly  un i
form tem perature for abyssal depths, not fa r from 
th e  freezing-point of fresh water.

As i t  was evident th a t th e  low tem perature for 
deep w ater in  tropical regions could no t be acquired

1 S ounding  V oyage o f H .M .S . ‘ H y d ra ,’ C aptain  P . F . Shortland . 
L o n d o n : 1869.

• Soundings and  T em peratures in th e  G ulf-stream . By Com m ander 
\V . C liim m o, R .N . (P roceedings o f th e  Iîoyal G eographical Society, 
vol. xiii.)
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by contact w ith  th e  surface of th e  crust of th e  
ea rth , th e  inevitable conclusion seems to  have been 
early  arrived a t th a t, if  such tem peratures existed, 
they  m u st be due to  a general oceanic circu lation ,— 
to  surface cu rren ts of w arm  w ater passing towards 
th e  poles, and com pensating counter-currents o f cold 
w ater from th e  poles tow ards th e  equator. H u m 
boldt states th a t he showed, in  1812, “  th a t th e  low 
tem perature of th e  tropical seas a t  g reat depths could 
only be owing to  curren ts from  th e  poles to  th e  
equator ” 1

D ’Aubuisson, in  1819, also a ttrib u ted  th e  low 
tem perature  of th e  sea a t  g reat depths a t  or near 
th e  equator to  th e  flow of currents from the poles.*

B ut although th e  fact of th e  existence of currents 
low ering th e  tem perature  of deep w ater in  equa
to ria l regions w as adm itted  by various authorities 
in  physical geography, little  lig h t was throw n upon 
th e  causes of th is  circulation. L atte rly , th e  whole 
subject becam e obscured by th e  very general adop
tio n  of th e  doctrine already referred to  of a  perm a
nent tem perature of 4° C. a ll over th e  w orld beyond 
a certain  d ep th ; and i t  was no t u n til th e  p u b li
cation of C aptain  M aury’s fascinating book on the 
1 Physical Geography of th e  Sea ’ had  given an  ex tra
ordinary stim ulus to  th e  study  of th is  departm ent 
of science, th a t th e  question was again  raised.

I t  was n a tu ra l from  its  geographical position, and 
from  th e  m uch greater opportunity  w hich i t  offered 
for th e  accum ulation of th e  alm ost infinite num ber

1 F ragm ents de  Géol. e t  de  C lim atol. A siat., 1831.
3 T raité  de  Gcognosie.— Q uoted  in  th e  A nn iversary  A ddress to  tho  

Geological Society o f London, 1871.
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of data required  for th e  consideration of such sub
jects, th a t  th e  basin  of th e  N orth  A tlan tic  should 
he selected for investigation, m ore particu larly  as 
peculiarities of clim ate seemed there  to  be lim ited in  
space, and  w ell defined and even extrem e in  character.

I t  seems a t  first somewhat singular th a t  there 
should he any room for question as to  th e  causes, 
th e  sources, and  th e  directions of th e  ocean currents 
w hich traverse th e  ocean in  our im m ediate neigh
bourhood, and exercise a  m ost im portan t influence 
on our economy and  well-being. The investigation 
is, however, one of singular difficulty. Some currents 
are palpable enough, going a t  a ra te  and w ith  a  force 
w hich m ake i t  easy to  detect them , and  even com
paratively  easy to  gauge th e ir volume and define 
th e ir  p a th ;  b u t i t  seems th a t  th e  great movements 
of th e  w ater of th e  ocean, those which produce th e  
m ost im portan t results in  th e  transfer of tem pera
tu re  and th e  modification of clim ate, are no t of th is 
character. These move so slowly th a t  th e ir surface 
movement is constantly  m asked by th e  drift of vari
able winds, and  they  th u s  produce no sensible effect 
upon  navigation.

The p a th  and  lim its of such bodies of moving 
w ater can only be determ ined by th e  use of the 
therm om eter. The equab'zing of th e  tem perature 
of bodies of w ater in  contact w ith  one another and 
differently heated, by conduction, diffusion, and 
m ixture, is however so slow, th a t we usually  have 
h u t little  difficulty in  distinguishing curren ts from 
different sources.

U p to th e  present tim e little  had been done in 
determ ining th e  depth  and mass of currents by the
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therm om eter, and under-currents were practically 
unknow n ; b u t th e  lim its of surface curren ts had 
been traced w ith considerable precision by observa
tions of the tem perature of th e  surface of th e  sea, 
even w hen th e  movement was so slow as n o t to  be 
otherwise perceptible. The am ount of heat received 
directly from th e  sun m ay be taken  approxim ately 
to  depend upon la titude  only, and  th is  heat is in  
addition to th e  heat of th e  surface w ater derived 
from  other sources, w hatever these m ay be. Observa
tions of surface tem perature accordingly give us the 
heat derived directly from  th e  sun in  th e  region, and 
th e  heat derived from  th e  sam e source during  the 
passage of th e  w ater to  the region, in  addition  to  th e  
original heat of th e  w ater ; if, therefore, th e  w ater of 
any  region be derived from —th a t  is to  say, form  p art 
of—a movement of w ater from  a  polar source, and 
if  th e  surface w ater of another area on th e  same 
parallel of la titude  form  part of an equatorial current, 
a lthough in  th a t  particu lar la titude  they receive in  
both  cases th e  same am ount of heat from  th e  sun, 
there  w ill be a  m arked difference in  th e ir tem pera
tu re . To take  an  extrem e case ; th e  m ean tem 
perature , of th e  sea in  th e  m onth of Ju ly  off the 
Hebrides, in  lat. 58° N., in  th e  p a th  of th e  Gulf- 
stream , is 13° C. ; while in  th e  sam e la titu d e  ofF the 
coast of Labrador, in  th e  course of th e  Labrador 
current, it  is 4°-5 C.

The d istribution of surface tem perature in  the 
N orth  A tlan tic  is certainly very exceptional. A 
glance a t th e  chart PL V II ., representing the general 
d istribution of heat for th e  m onth of Ju ly , shows 
th a t th e  isotherm al Hues for th a t m onth, instead of



P l a t e  V II .— Physical Chart o f the North Atlantic ; showing the depth, and the general distribution o f temperature
fo r  the month o f July.
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tending in  th e  least to  coincide w ith  th e  parallels 
of la titude , ru n  up  in to  a series of long loops, some 
of them  continued iu to  th e  A rctic Sea.

The tem pera tu re  of th e  bordering land  is not 
affected to any  perceptible degree by direct radia
tion  from th e  sea ; b u t i t  is greatly  affected by the 
tem perature  of th e  prevailing winds. S etting  aside 
th e  still m ore im portan t poin t of th e  equalization 
of sum m er and  w inter tem perature, th e  m ean annual 
tem perature of Bergen, la t. 60° 24' N ., subject to 
th e  am eliorating influence of th e  prevailing south
west w ind blow ing over th e  tem perate w ater of th e  
N o rth  A tlan tic , is 6°-7 C. ; while th a t  of Tobolsk, 
lat. 5S° 13' N  , is -  2° 4< C.

B u t th e  tem peratu re  of th e  N orth  A tlan tic  and 
its  bordering lands is n o t only raised above th a t 
of places on th e  sam e paralle l of la titude having a 
* continenta l ’ clim ate, b u t i t  is greatly  h igher th an  
th a t of places apparen tly  sim ilarly  circumstanced to 
itse lf in  th e  sou thern  hemisphere. Thus th e  mean 
annual tem peratu re  of th e  F æ roe Islands, lat. 62° 2'N ., 
is 7°T C., nearly  equal to  th a t  of th e  F alk land  Islands, 
la t. 52° S., w hich is 8°-2 C. ; and  th e  tem perature of 
D ublin, la t, 53° 21' N ., is  9 °6  C., while th a t  of Port 
Fam ine, la t. 53° 8' S., is 5°-3 C. A gain, th e  high 
tem peratu re  of th e  N o rth  A tlan tic  is no t equally 
distributed, b u t is very m arked in  its determ ination 
to th e  north -east coast. Thus th e  m ean annual 
tem peratu re  of H alifax  (Nova Scotia), la t. 44° 39' N., 
is 6°‘2 C., w hile th a t  of D ublin , lat. 53° 21' N., 
is 9°-6 C. ; and  th e  tem peratu re  of Boston (Mass.), 
la t. 42° 21' N., is exactly  th e  same as th a t of 
Dublin.
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This rem arkable diversion of th e  isotherm al lines 
from  th e ir  norm al direction is adm ittedly  caused 
by ocean curren ts affecting th e  tem pera tu re  of the 
surface while conveying th e  w arm  trop ical w ater 
tow ards th e  polar regions, whence th e re  is a con
s tan t counterflow of cold w ater beneath  to supply 
its  place.

W e th u s  arrive a t th e  well-known resu lt th a t th e  
tem perature of th e  sea bath ing  th e  north-eastern  
shores of th e  N orth  A tlan tic  is raised greatly  above 
its  norm al po in t by curren ts involving an  in te r
change of tropical and polar w a te r; and th a t  th e  
lands bordering on the N orth  A tlan tic  partic ipate  
in  th is am elioration of clim ate by th e  heat im parted 
by th e  w ater to  th e ir prevailing winds.

This phenom enon is not confined to  th e  N orth  
A tlantic, although from its  peculiar configuration 
and relation  to  th e  land th a t  ocean presents th e  
m ost m arked example. A corresponding series of 
loops, not so well defined, passes southw ards along 
th e  east coast of South  America, and a very m arked 
series occupies th e  north-eastern angle of th e  Pacific 
off the A leu tian  Islands and th e  coast o f California.

Two principal views have been held as to  th e  
causes of th e  currents in  th e  N orth  A tlan tic . One of 
these, which appears to  have been first advanced in  
a  definite form by C aptain M aury, and  w hich has 
received some vague support from  Professor Buff, is 
th a t the great currents and counter-currents o f w arm  
and cold water are due to  a  circulation in  th e  watery 
shell of th e  globe, comparable to  th e  circulation of 
th e  atmosphere,—th a t  is to say, caused by tropical 
heat and evaporation, and arctic cold.
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I t  is  not easy to  understand Captain M aury’s view. 
H e traces a ll ocean curren ts to  differences in  specific 
gravity. H e says : “  I f  we except th e  tides, and the 
partia l curren ts of th e  sea, such as those th a t m ay be 
created by th e  wind, we m ay lay  i t  down as a  ru le 
th a t a ll th e  curren ts of th e  ocean owe th e ir origin to 
th e  differences of specific g rav ity  between sea-water 
a t one place and sea-water a t  another ; for wherever 
there  is such a  difference, w hether i t  be owing to  dif
ference of tem perature  or to  difference of saltness, 
&c., i t  is a  difference th a t  d isturbs equilibrium , and 
curren ts are th e  consequence.” 1 These differences 
in  specific g rav ity  he a ttrib u tes  to  two principal 
causes ; differences in  tem perature, and excess of salts 
produced by evaporation. C aptain M aury explains 
his views as to  th e  first of these causes by an  illustra
tion. “  L e t us now suppose th a t all th e  w ater w ithin 
th e  tropics to  th e  depth of one hundred fathom s sud
denly becomes oil. T he aqueous equilibrium  of the 
p lanet would thereby  be disturbed, and a  general 
system of curren ts and  counter-currents would be 
im m ediately commenced, th e  oil in  an  unbroken sheet 
on th e  surface run n in g  tow ards th e  poles, and  the 
water as an  under-curren t tow ards th e  equator. The 
oil is supposed, as i t  reaches th e  polar basin, to  be re
converted in to  water, and  th e  w ater to  become oil as 
i t  crosses Cancer and Capricorn, rising  to  th e  surface 
in  in tertropical regions, and  re tu rn in g  as before.” 
“ Now, do no t th e  cold w ater of th e  north , and  the 
w arm  w ater of th e  g u lf made specifically ligh ter by 
tropical heat, and w hich we see actually  presenting

1 T he Physical G eography o f th e  Sea, and  its  M eteorology. By 
M . T . M aury, L L .D .
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sueli a  system of counter-currents, hold a t least, in  
some degree, th e  relation  of th e  supposed w ater and 
oil.” 1

“ There can be no doubt th a t M aury  concludes 
th a t  the waters in in tertropical regions are expanded 
hy heat, and  those in  polar regions are contracted by 
cold, and th a t th is tends to  produce a  surface-current 
from  th e  equator to th e  poles, and  an  under-current 
from  th e  poles to  th e  equator.” 2

W ith  regard to  increased specific g rav ity  produced 
by excess of salt, C aptain  M aury says,—

“  The brine of th e  ocean is th e  ley of th e  earth. 
P rom  i t  th e  sea derives dynam ical power, and  its  cur
rents th e ir  m ain  s treng th .” 3 “  One of th e  purposes 
w hich in  th e  g rand  design i t  was probably intended 
to  accomplish by leaving th e  sea salt and  no t fresh, 
was to  im part to  its  w aters th e  forces and  powèrs 
necessary to  m ake th e ir circulation complete.” 4 “  I n  
th e  present sta te  of our knowledge concerning th is  
wonderful phenom enon (for th e  G ulf-stream  is one 
of th e  m ost m arvellous th ings in  th e  ocean), we can 
do little  m ore th a n  conjecture. B u t we have th e  
causes in  operation, which we m ay safely assum e 
are am ong those concerned in  producing th e  Gulf- 
stream . One of these is th e  increased saltness of 
its w ater after th e  trade-w inds have been supplied 
w ith  vapour from it, be it  m uch or little  ; and  th e  
o ther is th e  dim inished quantum  of sa lt w hich the

1 C ap tain  M aury, op. cit.

2 O n Ocean Currents. P a r t  I I L  O n th e  P h y sica l C ause o f  Ocean 
C urrents. B y  Jam es Crol!, o f th e  Geological S u rvey  o f Scotland. 
(Philosophical M agazine, O ctober 1870.)

C aptain  M aury, op. cit. i ib id .
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B altic and  th e  northern  seas contain.” 1 “ Now, here
we have on one side the Caribbean Sea and G ulf of 
Mexico w ith  th e ir  w aters of b rine  ; on th e  other, 
th e  g rea t T olar Basin, th e  B altic, and  th e  N orth  Sea, 
the tw o la tte r  w ith  w aters th a t  are b u t little  more 
th a n  brackish. I n  one set of these sea-basins the 
w ater is heavy, in  th e  o ther i t  is ligh t. Between 
them  th e  ocean in tervenes; b u t w ater is bound to 
seek and to  m ain ta in  its  level ; and here, therefore, 
we unm ask one of th e  agents concerned in  causing 
th e  G ulf-stream .” a

As M r. Jam es Croll has very clearly pointed out, 
C aptain  M aury’s two causes ten d  to  neutralize each 
other.

“ Now i t  is perfectly obvious th a t if  difference in  
saltness is to  co-operate w ith  difference in  tem pera
tu re  in  th e  production of ocean currents, th e  saltest 
w aters, and  consequently th e  densest, m ust be in 
th e  polar reg ions; and  th e  w aters least salt, and 
consequently ligh test, m ust be in  equatorial and in 
tertrop ical regions. W ere th e  saltest w ater a t  th e  
equator and  th e  freshest a t  th e  poles, i t  would tend 
to  neutralize th e  effect due to  heat, and, instead of 
producing a  curren t, would simply tend  to  prevent 
th e  existence of th e  currents w hich otherwise would 
resu lt from  difference of tem perature.” “ According 
to  both  theories i t  is th e  differences of density be
tween tb e  equatorial and polar w aters th a t  gives rise 
to  cu rren ts  ; b u t according to  th e  one theory, the 
equatorial w aters are lighter th a n  th e  polar, w hilst 
according to  th e  o ther theory they  are heavier than  
th e  polar. E ith er th e  one theory or the other may 

1 C ap ta in  M aury , op. c it. 2 Ib id .
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be tru e , or neither ; b u t it  is logically impossible th a t 
both  of these can, for the simple reason th a t the 
w aters of th e  equator cannot a t th e  same tim e be 
both  ligh ter and heavier th an  th e  w ater a t  th e  poles.” 
“  So long as th e  tw o causes continue in  action, no 
curren t can arise unless th e  energy of th e  one cause 
should happen to  exceed th a t of th e  other, and even 
th en  a curren t w ill • only exist to  th e  ex ten t by 
w hich th e  streng th  of th e  one exceeds th a t  of the 
o ther.” 1

I t  seems scarcely necessary to  en ter fu rth e r in to  
detail in  reference to  C aptain M aury’s theory  of ocean 
currents, w hich is really  chiefly rem arkable for its  
am biguity, and for th e  pleasant popular style in  
whicli i t  is  advocated; since m y friend and  col
league D r. C arpenter has la tte rly  b rough t in to  g reat 
prominence w hat appears to  be a  modification of th e  
same view, p u t in  a  m ore definite form.

Professor Buff, in  his excellent little  volum e on th e  
Physics of th e  E a rth , speaking of th e  layer of cold 
w ater derived from th e  A rctic seas w hich underlies 
th e  tropical ocean, and its  m ethod of transport, says : 
“  The following well-known experim ent clearly illus
tra tes  th e  m aim er of th e  movement. A  glass vessel 
is to  be filled w ith  w ater w ith  w hich some powder 
has been mixed, and  is th en  to  be heated  a t  bottom . 
You w ill soon see, from th e  m otion of th e  particles 
of powder, th a t curren ts are set up  in  opposite direc
tions th rough  th e  water. "Warm w ater rises from th e  
bottom , up th rough  th e  m iddle of th e  vessel, and 
spreads over th e  surface ; while th e  colder, and th e re
fore heavier liquid , falls down a t  th e  sides of the

1 Jam c9 Croll, op. cit.
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glass. C urrents like these m ust arise in  a ll water- 
hasins, and even in  th e  oceans if  different parts of 
the ir surface are unequally  heated.” 1

This is of course a  common class-experiment illus
tra tin g  convection. I t  is evidently impossible th a t 
movements of ocean w ater can  he produced in  th is  
way, for i t  is well know n th a t  everywhere, except 
under certain  exceptional circum stances in  th e  polar 
basin, th e  tem peratu re  of th e  sea decreases from  th e  
surface to  a  m inim um  a t th e  bottom , and  tropical 
heat is applied a t  th e  surface only. I t  is singular 
th a t th is  irre levan t illu s tra tio n  should have been 
introduced by Professor Buff; for h is account of the 
origin and  extension of th e  Gulf-stream, which may 
be taken  as th e  ty p e  and exponent of ocean currents, 
is qu ite  consistent w ith  th e  commonly received 
opinions.

O n w orking up th e  tem peratu re results of th e  
‘ Porcupine5 expedition of 1869, D r. Carpenter satis
fied him self th a t  th e  m ass of com paratively w arm  
water, 800 fathom s deep, w hich we had established as 
existing, and probably m oving in  a  north-easterly 
direction, along th e  w est coasts of B rita in  and th e  
L usitanian  peninsula, could no t be an  extension of 
the G ulf-stream , b u t m ust be due to a general circu
lation of th e  w aters of th e  ocean comparable with 
th e  circulation of th e  atmosphere.

“ The influence of th e  G ulf-stream  proper (meaning

1 F am iliar L e tte rs  on  th e  P hysics  o f th e  E a rth  ; trea tin g  o f the  
ch ief M ovem ents o f th e  L and, th e  W a te r , an d  th e  A ir, a n d  th e  Forces 
th a t g ive rise  to  them . B y  H e n ry  Buff, P rofessor o f Physics in  th e  
U n iversity  o f Giessen. E d ite d  b y  A. W . H ofm ann, P h .D ., F .R ,S . 
L o n d o n : 1851.
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by th is the body of superheated w ater which issues 
through th e  ‘ narrow s’ from th e  G ulf of Mexico), if  
i t  reaches th is  locality a t  all— which is very doubtful 
— could only aifect th e  most superficial s tra tum  ; and 
th e  same may be said of th e  surface-drift caused 
by the prevalence of south-westerly winds, to which 
some have a ttribu ted  th e  phenomena usually ac
counted for by th e  extension of th e  G ulf-stream  to 
these regions. A nd th e  presence of th e  body of 
w ater which lies between 100 and 600 fathom s depth, 
and th e  range of whose tem perature is from  48° 
(8°*85 O.) to  42° (5°‘5 C.), can scarcely be accounted 
for on any other hypothesis th a n  th a t  of a  g reat 
general m ovement of equatorial w ater tow ards th e  
polar area, of which m ovement th e  G ulf-stream  con
stitu tes a  peculiar case, modified by local conditions. 
I n  like m anner th e  arctic stream  which underlies 
th e  warm superficial s tra ta  in  our cold area, con
stitu tes a  peculiar case, modified by th e  local condi
tions, to  be presently explained, of a  great general 
movement of polar water towards th e  equatorial 
area, which depresses th e  tem perature of th e  deepest 
p arts  of th e  great oceanic basins nearly  to  the 
freezing-point.” 1

A t first Dr. Carpenter appears to  have regarded 
th is oceanic circulation as a  case of sim ple convection. 
“ To w hat, then, is th e  north-east m ovem ent of th e  
w arm  upper stra tum  of th e  N orth  A tlan tic  a ttr i
butable ? I  have attem pted to  show th a t it  is p a rt 
of a  general interchange between polar and  equa
to ria l waters, which is quite independent of any such

1 A  L ec tu re  delivered  a t th e  R oyal In s titu tio n , abstrac ted  w ith  
th e  A uthor’s s ignature  in  N ature ,  vo l. i. p. 488  (M arch 1 0 th , 1870).
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local accidents as those w hich produce th e  Gulf- 
stream  proper, and which gives movement to  a m uch 
la rger and deeper body of w ater th a n  th e  la tte r  can 
affect. The evidence of such an  in terchange is tw o
fold—th a t  of physical theory, and  th a t  of actual 
observation. Such a  movement m ust take  place, as 
was long since pointed ou t by Professor Buff, w hen
ever an  extended body of water is heated a t  one part 
and cooled a t  ano ther ; i t  is made use of in  th e  warm
ing  of buildings by th e  hot-w ater apparatus, and i t  
was adm irably displayed a t th e  Royal In s titu tio n  a 
few m onths since in  th e  following experim ent kindly 
prepared for m e by D r. Odling.” D r. Carpenter 
th en  repeats Professor B uff's convection experim ent, 
th e  heat being applied by a steam  je t  introduced 
vertically a t  one end of a  narrow  glass trough  while 
a  block of ice was wedged into  th e  o ther end. 
“ Thus a  circulation was shown to  be m aintained 
in  th e  trough  by th e  application of heat a t  one of its  
extrem ities and  of cold a t  th e  other, th e  heated w ater 
flowing along th e  surface from  th e  w arm  to  th e  cold 
end, and th e  cooled w ater flowing along th e  bottom 
from  the cold to  th e  warm en d ; ju s t  as i t  has been 
m aintained th a t  equatorial w ater stream s on the 
surface tow ards th e  poles, and  th a t  polar w ater 
re tu rns along th e  bottom  towards th e  equator, if  
th e  movement be no t interfered w ith  by interposed 
obstacles, or prevented by antagonistic currents 
arising from  local peculiarities.” 1

T h at such a m ovement cannot take place on th is 
hypothesis has been already shown ; and  D r. Car-

1 T h e  G ulf-stream . A  le tte r  from  D r. C arpen ter to  th e  E d ito r  o f 
N ature , dated  G ibraltar, A ugust 1 1 th , 1870. (N a tu re , vol. ii. p . 334.)

B B 2
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penter in  a  lecture to  th e  Royal Geographical 
Society, in  an  illu stra tion  drawn from  two supposed 
basins, one under equatorial conditions and th e  other 
under polar, connected by a s tra it,1 says : “ The effect 
of surface-heat upon th e  w ater of th e  tropical basin 
w ill be for th e  most p a rt lim ited to  its upperm ost 
stratum , and m ay here be practically disregarded. 
B u t th e  effect of surface-cold upon th e  w ater of the 
polar basin will be to reduce th e  tem perature of its 
whole mass below the freezing-point of fresh water, 
th e  surface stra tum  sinking as i t  is cooled, by v irtue  
of its dim inished bulk  and increased density, and being 
replaced by w ater not yet cooled to  th e  same degree. 
The w arm er w ater w ill no t come up from  below, but 
w ill be drawn in to  th e  basin from th e  surface of the 
surrounding a re a ; and since w hat is th u s  drawn 
away m ust be# supplied from  a  yet greater distance, 
th e  continual cooling of th e  surface s tra tum  in  th e  
polar basin w ill cause a  ‘ set* of w ater tow ards i t  to 
be propagated backwards th rough  th e  whole in te r
vening ocean in  connection w ith  it, u n til  i t  reaches 
th e  tropical area.,, A nd fu rth er on in  th e  same 
address : “ I t  is  seen th a t th e  application of cold at 
the surface is precisely equivalent as a  m oving power 
to  th a t application of heat a t the bottom  by which 
th e  circulation of w ater is sustained in  every heating 
apparatus th a t m akes use of it.” N o doubt th e  
application of cold to th e  surface of a  mass of w ater 
previously a t  the same tem perature th roughou t, would

1 O n th e  G ib ra lta r  C urren t, th e  G ulf-stream , an d  th e  general 
Oceanic C irculation. B y  D r. W . B. C arpenter, F .R .S . R ep rin ted  
from  th e  Proceedings o f th e  R oyal G eographical Society o f London, 
1870 .
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have th e  same effect as th e  application of heat to 
th e  bottom , and in  either case we should have an 
instance of simple convection, th e  w arm er under
w ater rising  th rough  a  colder upper layer; hu t 
th a t  is no t w hat we have in  th e  polar sea ; for th e  
tem peratu re  of th e  arctic sea gradually  sinks from 
a few fathom s beneath  th e  surface to  a m inim um  
tem perature, and consequent m axim um  density, a t 
th e  bottom . Therefore in  th is  case th e  application 
of cold a t th e  surface is no t equivalent to  th e  appli
cation of h ea t to  th e  bottom  in  a hot-w ater heating 
apparatus, and  D r. C arpenter has shown th a t he is 
aware of th is by requiring  th e  backw ard propagation 
of a  sM7/«c<?-current.

T hat a certain  effect in  increase of specific gravity 
m ust be produced by th e  cooling of th e  surface film 
of th e  arctic ocean th e re  seems to  be little  doubt ; 
bu t th e  area of m axim um  effect is very lim ited, and 
during  th e  long arctic w in ter th e  greater p a r t of th a t 
area is protected  by a  th ick  layer of ice, one of the 
w orst possible conductors.

I t  certain ly  appears to  m e th a t  th is cause is 
to ta lly  inadequate to  induce a  powerful curren t of 
g rea t depth, six thousand miles long and several 
thousand  miles in  w idth , th e  effect which D r. Car
pen ter a ttrib u tes  to  it.

D uring  th e  sum m er of 1870, and afterwards in  
1871, D r. C arpenter m ade a series of observations on 
th e  cu rren t in th e  S tra it of G ibraltar. T he existence 
of an  under-curren t ou t of th e  M editerranean was 
considered to  be established by these observations, 
and  th e  conclusions arrived a t  as to  its cause did n o t 
differ m aterially  from  those already very generally
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accepted. D r. C arpenter believes, however, th a t  the 
conditions in  th e  S tra it of G ibraltar and  in  the 
B altic  Sound ap tly  illu stra te  th e  general circulation  
in  th e  ocean, and  confirm h is views.

I  quote from  th e  general sum m ary of D r. Car* 
pen ter's  address to  th e  Geographical Society :—

“  The application of th e  foregoing principles to 
th e  particu lar cases discussed in  th e  paper is as 
follows :—

“ V II I .— A  vertical circulation  is m aintained in 
th e  S tra it of G ibraltar by th e  excess o f evaporation 
in  th e  M editerranean over th e  am ount of fresh w ater 
re tu rned  in to  its  basin, w hich a t  th e  sam e tim e 
lowers its  level and  increases its  density ;  so th a t 
th e  surface inflow of sa lt w ater w hich restores its  
level (exceeding by  th e  w eight of sa lt contained 
in  i t  th e  w eight of fresh w ater w hich has passed off 
by evaporation) d isturbs th e  equilibrium  and  pro
duces a  deep outflow, w hich in  its  tu rn  lowers the 
level. The same m ay be assum ed to  be th e  case 
in  th e  S tra it of Babelm andeb.

“  IX .— A  vertical circu lation  is m ain ta ined  in  th e  
B altic  Sound by an  excess in  th e  influx of fresh 
w ater in to  th e  B a ltic ; w hich a t  th e  same tim e 
raises its  level and  dim inishes its  density, so as to 
produce a  surface outflow , leaving th e  B altic  colum n 
th e  lig h ter of th e  tw o, so th a t  a  deep inflow  m ust 
tak e  place to restore th e  equilibrium . The sam e 
m ay be assum ed to  be th e  case in  th e  B osphorus and 
Dardanelles.

“ X.— A  vertical circulation m ust, on th e  same 
principles, be m aintained betw een po lar and equa
to ria l w aters by th e  difference of th e ir  tem peratures :
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the level of th e  polar w ater being reduced, and its 
density increased by the surface-co/d to which i t  is 
subjected, w hilst a  downward m otion is also im parted 
to  each stra tum  successively exposed to  i t  ; and the 
level of equatorial w ater being raised and  its  density 
dim inished by th e  surface-A<?a¿ to  which i t  is  exposed. 
(The first of these agencies is by fa r th e  m ore effec
tive, since i t  extends to  th e  whole depth of th e  w ater, 
w hilst th e  second only affects, in  any considerable 
degree, the superficial stratum .) Thus a  m ovem ent 
w ill be im parted  to  th e  upper s tra tu m  of oceanic 
w ater from  th e  equator tow ards th e  poles, w hilst a 
movement w ill be im parted  to  th e  deeper stra tum  
from  th e  poles tow ards th e  equator.**

I t  seems to  m e th a t  th e  doctrine here propounded 
by m y distinguished colleague, if  I  understand  it 
a righ t, is open to  th e  objection to  w hich I  have 
already referred in  connection w ith th e  speculations 
of C aptain  M aury.

I f  th e  curren ts flow in  th e  direction and w ith  the 
perm anence accepted by D r. C arpenter in  th e  S trait 
o f G ibraltar and in  the Baltic Sound, if  th e ir flow 
and  its direction be due to  th e  causes to  which I}r. 
C arpenter a ttribu tes them , and i f  th e re  be any 
analogy w hatever between th e  conditions of equi
lib rium  of these in land  seas and th a t  of th e  outer 
ocean,—none of w hich propositions appear to m e a t 
a ll satisfactorily proved,— I  should th in k  th a t  the vast 
equatorial region, th e  p a th  of the trade-w inds and th e  
be lt of vertical solar radiation, m ust, so fa r as eva
poration  is concerned, resemble, or ra th e r greatly 
exaggerate, th e  conditions of th e  M editerranean. The 
consequent accum ulation of salt,— through the whole
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depth  of course, the brine sinking downwards,—m ust 
greatly  outweigh (I  give th is as w hat Peterm ann 
would call a. g ratu itous speculation) th e  sligh t ex
pansion caused by th e  heating  of the surface layer. 
The more restricted arctic basin on th e  o ther hand, 
as was long ago pointed ou t by Capt. M aury, partici
pates to  a  certain  ex ten t in  th e  characteristics of 
th e  B a ltic ; and  I  am  greatly  m istaken if  th e  low 
specific g rav ity  of th e  polar sea, th e  resu lt of th e  
condensation and  precipitation of vapour evaporated 
from  th e  in tertropical area, do no t fu lly  counter
balance th e  contraction of th e  superficial film by 
a rc tic  cold.

The N o rth  A tlan tic  ocean bears a proportion  
in  depth to  th e  mass of th e  ea rth  considerably 
less th a n  th a t of th e  paper covering an  eighteen- 
inch  globe to  th a t  of th e  globe i t  covers, while 
th e  film heated by direct solar rad ia tion  m ay be 
represented by its surface coating of varnish, 
and is n o t actually  th icker th a n  th e  he igh t of 
St. -Paul’s. Physicists seem to  find a  difficulty in  
giving us th e  am ount of palpable effect in  p ro
ducing currents in  th is shell of w ater, six thousand 
miles in  leng th  by th ree thousand in  w id th  and 
tw o miles in  thickness, w hich m ay be due to  causes 
such as those relied upon by D r. C arpenter, acting 
under th e  peculiar circumstances and  to  th e  am ount 
in  w hich we find them  in  n a tu re ; and  probably we 
are no t yet in  a position to  give them  sufficient data 
to  enable them  to  do so. Mr. Croll, a good au thority  
in  such m atters, has attem pted to  make some calcu
lo n s , and  comes to  the conclusion th a t none of them  
are sufficient to  overcome th e  friction of w ater and  to
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produce any curren t w h a te v e r;1 b u t in  this view he 
does no t certainly  receive universal support. I  am 
m yself inclined to  believe th a t  in  a  great body of 
salt w ater a t  different tem peratures, w ith unequal 
am ounts of evaporation, under varying barom etric 
pressures, and subject to  th e  d rift of variable winds, 
curren ts of all kinds, g reat and  sm all, variable and 
m ore or less perm anent, m ust be set u p ; 2 b u t the 
probable re su lt appears to  be reduced to  a  m inim um  
when we find th a t  causes, them selves of doubtful 
efficiency, actually  antagonize one another ; and th a t 
we are obliged to  tru s t for th e  final effect to  the 
am ount by w hich th e  least feeble of these exceeds 
th e  o thers in  streng th . Speaking in  th e  to ta l ab
sence of a ll reliable data, i t  is m y general impres
sion th a t, i f  we were to  set aside all o ther agencies, 
and to  tru s t for an  oceanic circulation to  those con
ditions only w hich are relied upon by Dr. Carpenter, 
if  the re  were any general circulation a t  all, which 
seems very  problem atical, th e  odds are rather, in  
favour of a  w arm  under-curren t travelling  north 
wards by v irtu e  of its  excess of salt, balanced by a 
surface re tu rn -cu rren t of fresher though  colder arctic 
water.

W ith  regard , then , to th is  question of a  general 
circulation caused by difference in  specific gravity, 
for th e  present I  cordially endorse th e  opinion ex
pressed by th e  la te  S ir Jo h n  H erschel in  a cautious

1 Jam e s  C roll, op. cib.
a O n th e  D is trib u tio n  o f T em peratures in  th e  N o rth  A tlantic. 

A n  A ddress delivered  to  th e  M eteorological Society o f Scotland a t  
th e  G eneral M eeting  o f th e  Society J u ly  5 th , 1871, by  Professor 
W y ville  Thom son.
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and excellent le tte r addressed to  D r. C arpenter— a 
le tter which there  is no im propriety in  m y quoting  in 
fu ll as i t  is already in  p rin t, and w hich has a  special 
in terest as being probably one of th e  la s t w ritten  
by Sir Jo h n  H erschel on scientific subjects :—

11 C o l l in g w o o d ,  A pril 9th, 1871 .

" M y  DEiVR S ie ,— M a n y  th a n k s  fo r  y o u r  p a p e r  o n  th e  G ib 
r a l t a r  c u r r e n t  a n d  th e  G u lf - s tre a m . A s s u re d ly , a f te r  w e ll  c o n 
s id e r in g  a l l  y o u  say , a s  w e ll a s  t h e  co m m o n  s e n s e  o f  t h e  m a tte r , 
a n d  th e  e x p e r ie n c e  o f  o u r  l io t-w a te r  c irc u la t io n  p ip e s  in  o u r  
g re e n h o u se s , &c., th e re  is  n o  re fu s in g  to  a d m it  t h a t  a n  o c ea n ic  
c irc u la t io n  o f  so m e  s o r t  m u s t  a r is e  fro m  m e re  h e a t ,  co ld , a n d  
e v a p o ra tio n , a s  verœ  causæ , a n d  y o u  h a v e  b ro u g h t  fo rw a rd  w ith  
s in g u la r  e m p h a s is  t h e  m o re  p o w e rfu l a c t io n  o f  t h e  p o la r  co ld , o r  
r a th e r  th e  m o re  in te n s e  a c tio n , as  i t s  m a x im u m  e ffec t is  l im ite d  
to  a  m u c h  s m a lle r  a re a  t h a n  t h a t  o f  t h e  m a x im u m  o f  e q u a to r ia l  
h e a t.

" T h e  a c tio n  o f  t h e  t r a d e  a n d  c o u n te r - tr a d e  w in d s , i n  l ik e  
m a n n e r , c a n n o t  b e  ig n o re d  ; a n d  h e n c e fo rw a rd  th e  q u e s t io n  o f 
o c ea n  c u r re n ts  w il l  h a v e  to  b e  s tu d ie d  u n d e r  a  tw o fo ld  p o in t  o f  
v ie w . T h e  w in d -c u r re n ts ,  h o w ev er, a r e  o f  e a s ie r  in v e s t ig a t io n  : 
a l l  t h e  c a u se s  l ie  o n  th e  s u r fa c e ;  n o n e  o f  t h e  a g en c ie s  e scap e  
o u r  n o tic e  ; t h e  c o n fig u ra tio n  o f  co as ts , w h ic h  m a in ly  d e te rm in e s  
t h e i r  d ire c tio n , is  p a te n t  to  s ig h t. I t  is  o th e rw is e  w i th  t h e  o th e r  
c la s s  o f  m o v em en ts . T h e y  t a k e  p la c e  in  th e  d e p th s  o f  th e  o c ea n  ; 
a n d  th e i r  m o v e m e n ts  a n d  d ire c tio n s  a n d  c h a n n e ls  o f  c o n c e n tra 
t io n  a r e  l im ite d  to  th e  c o n fig u ra tio n  o f  t h e  s e a -b o tto m , w h ic h  
h a s  to  b e  s tu d ie d  o v e r  i t s  e n t i r e  su rfa c e  b y  th e  v e ry  im p e rfe c t 
m e th o d  o f  so u n d in g .

"  I  a m  g la d  y o u  su cceed ed  in  g e t t in g  sp e c im e n s  o f  M e d ite r 
r a n e a n  w a te r  n e a r  t h e  p la c e  o f  th e  p re s u m e d  s a l t  s p r in g  o f 
S m y th  a n d  W o lla s to n , m a k in g  i t  c le a r  t h a t  th e  w h o le  a ffa ir  
m u s t  h a v e  a r is e n  fro m  so m e  a c c id e n ta l  s u b s t i tu t io n  o f  o n e  
b o tt le  fo r  a n o th e r , o r  fro m  e v ap o ra tio n . I  n e v e r  p u t  a n y  h e a r ty  
f a i th  in  it .
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“ So, a f te r  a ll , th e re  i s  a n  u n d e r -c u r re n t  s e tt in g  o u tw a rd s  in  
th e  S tr a i ts  o f  G ib ra l ta r .

“ R e p e a tin g  m y  th a n k s  fo r  th i s  in te r e s t in g  m em oir, b e liev e  
m e, d e a r  S ir ,

“ Y o u rs  v e ry  tru ly ,
“ J .  F .  W . H e r sc h e l .

“ Dr. W. B. Carpenter.” 1

The second view, supported by Dr. Peterm ann of 
G otha, and  by m ost of th e  leading authorities iá  
physical geography in  Germ any and  N orthern 
Europe, and  strongly  urged by th e  la te  Sir John  
H erschel in  his ‘ O utlines of Physical Geography* 
published in  th e  year 1846,. a ttribu tes nearly  th e  
whole of th e  sensible phenom ena of heat-distribution 
in th e  N o rth  A tlan tic  to  th e  Gulf-stream, and to  the 
arctic re tu rn -curren ts which are induced by the 
removal of tropical w ater tow ards the polar regions 
by th e  G ulf-stream . I f  we for a m om ent adm it th a t 
to  th e  G ulf-stream  is due alm ost exclusively the 
singular advantage in  clim ate which the eastern 
borders of th e  N o rth  A tlan tic  possess over the 
western, th e  origin  of th is  great current, its extent 
and direction, and th e  n a tu re  and am ount of its 
influence, become questions of surpassing interest. 
Before considering these, however, i t  will be well 
to  define w hat is here m eant by th e  term  ‘ Gulf- 
stream,* for even on th is  po in t there has been a  good 
deal of misconception.

I  m ean by th e  G ulf-stream  th a t mass of heated 
w ater which pours from the S tra it of F lorida across 
th e  N orth  A tlan tic , and likewise a wider b u t less 
definite w arm  curren t, evidently form ing p a r t of the 
same great movement of w ater, which curves north-

1 N ature , vol. iv. p. 7L
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wards to  th e  eastw ard of th e  W est In d ian  Islands. 
I  am  m yself inclined, w ithout hesitation, to  regard 
th is  stream  as simply th e  reflux of th e  equatorial 
current, added to no doubt during  its  north-easterly  
course, by th e  surface-drift of th e  anti-trades which 
follows in  the m ain th e  same direction.

The scope and  lim it of th e  G ulf-stream  w ill be 
b e tter understood if  we inquire in  th e  first place in to  
its  origin and cause. As is well know n,—in  two 
bands, one to  th e  no rth  and th e  o ther to  th e  south 
of th e  equator,—th e  north-east and south-east trade- 
winds, reduced to  m eridional directions by th e  east
w ard frictional im pulse of th e  ea rth ’s ro tation , drive 
before them  a m agnificent surface cu rren t of hot 
w ater 4,000 miles long by 450 miles broad a t  an 
average ra te  of th ir ty  m iles a day. Off th e  coast of 
A frica near its starting-poin t to  th e  south  of the 
Islands of S t. Thom as and A nna Bon, th is  ‘ E qua
toria! C urrent* has a  speed of forty  miles in  the 
tw enty-four hours, and a tem perature of 23° C.

Increasing quickly in  bu lk , and  spreading out 
m ore and more on both  sides of th e  equator, i t  flows 
rapidly due w est tow ards th e  coast of South America. 
A t th e  eastern po in t of South Am erica, Cape St. 
Roque, th e  equatorial curren t splits in to  two, and 
one portion  trends southwards to  deflect th e  isotherm s 
of 21°, 15°'5,10°, and 4° 5 C. in to  loops upon our maps, 
th u s  carrying a  scrap of comfort to  th e  F alk land  
Islands and Cape H oorn ; while th e  northern  portion 
follows th e  north-east coast of South Am erica, gaining 
continually in  tem perature under th e  influence of the 
tropical sun. I ts  speed has now increased to  sixty- 
eight miles in  tw enty-four hours, and by the union
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w ith  i t  of th e  w aters of th e  river Amazon, it  rises to 
one hundred  m iles (6*5 feet in  a  second), b u t i t  soon 
falls off again  w hen i t  gets in to  th e  Caribbean sea. 
P low ing slowly th ro u g h  th e  whole leng th  of th is sea, 
i t  reaches th e  G ulf of M exico through th e  S tra it of 
Y ucatan, w hen a p a r t of i t  sweeps im mediately round 
Cuba ; b u t th e  m ain stream  “  having made th e  circuit 
of the G ulf of M exico, passes th rough  th e  S tra it of 
F lorida ; thence i t  issues as the ‘ Gulf-stream ’ in  a 
m ajestic cu rren t upw ards of th ir ty  miles broad, two 
thousand two hundred  feet deep, w ith  an  average 
velocity of ftfur miles an  hour, and  a  tem perature of 
86° Fahr. (30° C).” 1 The h o t w ater pours from the 
s tra it w ith  a decided though  slight north-easterly 
im pulse on account of its g reat in itia l velocity. Mr. 
Croll calculates th e  G ulf-stream  as equal to  a  stream  
of w ater fifty miles broad and a thousand feet deep 
flowing a t  a ra te  of four miles an  hour; consequently 
conveying 5,575,680,000,000 cubic feet of w ater per 
hour, or 133,816,320,000,000 cubic feet per day. This 
mass of w ater has a  m ean tem peratu re of 18° C. as it  
passes ou t of th e  gulf, and  on its northern  journey it 
is cooled down to  4°*5, th u s  losing heat to  the am ount 
of 13°‘5 C. The to ta l q u an tity  of heat therefore trans
ferred from  th e  equatorial regions per day am ounts 
to  som ething like 154,959,300,000,000,000,000 foot
pounds.2

This is nearly equal to th e  whole of th e  heat

1 P hysical G eography. F rom  th e  ‘Encyclopæ dia B ritannica.* By 
S ir Jo h n  F . W . H ersch e l, B art., K .H .P . E d in b u rg h , 1861, p. 49.

2 O n Ocean C urren ts . By Jam es C roll, o f th e  Geological Survey o f 
Scotland. P a r t  I .  O cean C u rren ts  in  re la tion  to  th e  D istribu tion  of 
l l e a t  over the  G lobe (Philosophical Magazine. February  1870.)
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received from th e  sun by th e  A rctic regions, and, 
reduced by a half to  avoid all possibility of exaggera
tion, it  is  s till equal to  one-fifth of th e  whole am ount 
received from  th e  sun by th e  entire area of th e  N orth  
A tlan tic . The Gulf-stream , as i t  issues from  th e  S tra it 
of E lorida and expands in to  th e  ocean on its  north 
w ard course, is probably th e  m ost glorious n a tu ra l 
phenom enon on th e  face of th e  earth . The w ater is 
of a  clear crystalline transparency and  an  in tense 
blue, and long after i t  has passed in to  th e  open sea i t  
keeps itse lf apart, easily distinguished by its  w arm th, 
its colour, and its  clearness; and  w ith  its  edges so 
sharply defined th a t a  ship m ay have her stem  in  
th e  clear blue stream  while her s te rn  is s till in  the 
common w ater of th e  ocean.

“  The dynam ics of th e  G ulf-stream  have of late, 
in  th e  work of L ieu tenan t M aury already m entioned, 
been m ade th e  subject of m uch (we cannot b u t th in k  
misplaced) wonder, as if  there  could be any possible 
ground for doubting th a t  i t  owes its  o rig in  entirely 
to  th e  trade-w inds.”  1 Setting  aside th e  w ider ques
tion  of th e  possibility of a  general oceanic circulation 
arising from  heat, cold, and evaporation, I  believe 
th a t  Captain M aury and D r. C arpenter are th e  only 
au thorities who of la te  years have disputed th is 
source of th e  curren t w hich we see, an d  can gauge 
and m easure as i t  passes out of th e  S tra it of F lo rida  ; 
for i t  is scarcely necessary to  refer to  th e  earlier 
speculations th a t  it  is caused by th e  M ississippi river, 
or th a t i t  flows downwards by grav ita tion  from  a 
‘ head ’ of w ater produced by th e  trade-w inds in  th e  
Caribbean sea.

1 H erschel, op. cit. p. 51.
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C aptain  M aury  w rites1 th a t  “ th e  dynamical force 
th a t  calls fo rth  th e  G ulf-stream  is to  be found in  the 
difference as to  specific g rav ity  of in tertrop ical and 
polar w aters.” " T h e  dynam ical forces w hich are 
expressed by th e  G ulf-stream  m ay w ith  as m uch pro
priety  be said to  reside in  those no rthern  w aters as 
in  th e  W est In d ia  seas : for on one side we have th e  
Caribbean sea and G ulf of Mexico w ith  th e ir waters 
of b rine  ; on th e  o ther th e  g reat polar basin, th e  
Baltic, and  th e  N o rth  Sea, th e  tw o la tte r  w ith  w aters 
which are little  m ore th a n  brackish. I n  one set of 
these sea-basins th e  w ater is heavy; in  th e  o ther i t  is 
light. Between them  th e  ocean intervenes ; b u t w ater 
is bound to  seek and to  m ain tain  its  level ; and here, 
therefore, we unm ask  one of those agents concerned 
in  causing th e  Gulf-stream. W h at is th e  power of th is 
agent ? I s  i t  g reater th a n  th a t  of o ther agents ? and 
how m u ch ?  W e cannot say how m u c h ; we only 
know i t  is  one of th e  chief agents concerned. M ore
over, speculate as we m ay as to  a ll th e  agencies con
cerned in  collecting these w aters, th a t have supplied 
th e  trade-w inds w ith  vapour, in to  th e  Caribbean Sea, 
and th en  in  driving them  across th e  A tlan tic , we are 
forced to  conclude th a t  th e  sa lt w hich th e  trade-wind 
vapour leaves beh ind’ i t  in  th e  tropics has to  be con
veyed away from  th e  trade-w ind region, to  be mixed 
up again in  due proportion w ith  th e  o ther w ater of 
th e  sea—th e  B altic Sea and  th e  A rctic Ocean included 
— and th a t  these are some of th e  w aters, a t least, 
which we see ru n n in g  off th rough  th e  Gulf-stream. 
To convey them  away is doubtless one of th e  offices 
which in  th e  economy of th e  ocean has been assigned 

1 M aury’s P h y sica l G eography o f th e  Sea, op. cit.
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to it . B u t as for th e  seat of th e  forces w hich p u t 
and keep th e  G ulf-stream  in  m otion, theorists  may 
place them  exclusively on one side of th e  ocean w ith 
as much philosophical propriety  as on th e  other. 
I ts  w aters find th e ir way in to  th e  N o rth  Sea and 
A rctic Ocean by v irtue of th e ir specific gravity , while 
w ater thence, to  tak e  th e ir  place, is, by v irtue  of its 
specific gravity  and by counter-currents, carried  back 
in to  the gulf. The dynam ical force which causes th e  
G ulf-stream  m ay therefore be said to  reside bo th  in 
th e  polar and in  th e  in tertrop ical w aters of th e  
A tlan tic .”

According to  th is  view, th e  tropical w ater finds its 
way on account of its greater w eight tow ards th e  poles, 
while th e  polar w ater, owing to  its  less w eight, moves 
southw ards to  replace it. The general re su lt would 
be of course a  system  of w arm  under- and  cold 
surface-currents, and these we do no t find. I  m erely 
quote th e  passage as a  curious illu stra tio n  of th e  
adage th a t  on m ost questions a  good deal can  be 
said on bo th  sides.

W e have already considered th e  doctrine of a  general 
oceanic circulation, w hich has been so strongly ad
vocated of la te  by D r. C arpenter, and I  have merely 
to  advert in  th is  place to  th e  bearing  w hich th a t 
doctrine has upon  our views as to  th e  orig in  of th e  
G ulf-stream  ; its  bearings on th e  extension and  dis
trib u tio n  of th e  curren t w ill be discussed hereafter. 
As already stated, Dr. C arpenter a ttrib u te s  a ll the 
g rea t movements of ocean w ater to  a  general con
vective circulation, and of th is  general circulation 
he regards th e  G ulf-stream  as a  peculiarly  m odi
fied case. I n  the passage already quoted (p. 370) of
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his address to  th e  Royal In stitu tio n , D r. Carpenter 
states, th a t  “  th e  G ulf-stream  constitutes a peculiar 
case, modified by local conditions,” of “ a  great 
general m ovem ent of equatorial w ater tow ards the 
polar area.” I  confess I  feei m yself compelled to 
take  a  to ta lly  different view. I t  seems to  m e th a t 
th e  G ulf-stream  is th e  one n a tu ra l physical pheno
menon on tlie surface of th e  earth  whose origin and 
principal cause, th e  d rift of th e  trade-winds, can be 
m ost clearly and easily traced.

The fu rth er progress and extension of th e  Gulf- 
stream  th rough  th e  N orth  A tlan tic  in  relation to 
influence upon  clim ate has been, however, a fru itfu l 
source of controversy. The first p a r t of its  course, 
after leaving th e  stra it, is sufficiently evident, for 
its w ater long rem ains conspicuously different in  
colour and tem peratu re from  th a t of th e  ocean, 
and a  cu rren t having a  m arked effect on naviga
tion  is long perceptible in  th e  peculiar Gulf-stream  
water. “ N arrow  a t  first, i t  flows round th e  penin
su la  of F lorida , and, w ith  a speed of abou t 70 or 
80 miles, follows th e  coast a t first in  a due north, 
afterw ards in  a north-east direction. A t th e  la ti
tu d e  of W ashington  i t  leaves th e  N o rth  American 
coast altogether, keeping its  north-eastw ard course ; 
and  to th e  south  of th e  S t. George’s and New
foundland B anks i t  spreads its  w aters more and 
m ore over th e  A tlan tic  Ocean, as far as th e  Açores. 
A t these islands a  p a rt of i t  tu rn s  southw ards again 
tow ards th e  A frican coast. The G ulf-stream  has, 
so long as its  w aters are kep t together along the 
A m erican coast, a  tem perature of 26°*6 C. ; but, 
even under no rth  la titude  36°, Sabine found th a t
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23°3 C. a t tlie beginning of December, while the 
sea-water beyond th e  stream  showed only 16°'9 C. 
U nder no rth  la titude  40—41° th e  w ater is, accord
ing  to H um boldt, a t 22° 5 C. w ithin, and 17°'5 C. 
w ithout th e  stream .” 1

T he Gulf-stream off th e  coast of N orth  America 
has been m ost carefully exam ined by th e  officers of 
th e  U nited  States Coast Survey, a t  first under the 
superintendence o f Professor Bache, and la tterly  
under th e  direction of the present able head of th e  
bureau, Professor Pierce. I n  1860 Professor Bache 
published an  account of th e  general resu lt.2 F o u r
teen  sections th rough  th e  Gulf-stream had been care
fu lly  surveyed a t intervals of about 100 m iles along 
th e  coast—th e  first alm ost w ith in  th e  G ulf of Mexico, 
from Fortingas to H avana, and  th e  last off Cape 
Cod, lat. 41° N., w here th e  stream  loses a ll parallel
ism  w ith  th e  Am erican coast and trends to  th e  east
ward. These sections fully illu stra te  th e  leading 
phenom ena during  th is  earlier p a r t of its  course 
of th is  wonderful current, w hich Professor Bache 
well characterizes as “  th e  g reat hydrographic feature 
of th e  U nited States.”

Opposite Fortingas, passing along th e  Cuban coast, 
th e  stream is unbroken and the cu rren t feeble ; the 
tem perature a t th e  surface is ábout 26°-7 C. Issu ing  
from th e  S tra it of Bernini th e  curren t is tu rned  
nearly directly northw ards by the form  of th e  land ;

1 Professor Buff, op. cit. p . 199.
2 L ecture  on th e  Gulf-stream, prepared  a t  th e  request o f tho  

A m erican Association for the  A dvancem ent o f Science, by  A. D . Bache, 
S u p erin ten d en t U .S . Coast Survey. F rom  tho  Am erican J o u rn a l o f  
Science a n d  Ar f s f vol. xxx . N ovem ber 18G0.
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a  little  to  th e  no rth  of th e  stra it, th e  ra te  is from 
three to  five miles an  hour. The depth is only 325 
fathom s, and th e  bottom , w hich in  th e  S tra it of 
F lo rida  was a  simple slope and  counter-slope, is 
now corrugated. T he surface tem perature is about 
260,5 0 ., while th e  bottom  tem perature is 4°5 ; so 
th a t  in  the m oderate depth  of 325 fathom s th e  equa
to rial cu rren t above and  th e  .polar counter-current 
beneath have room to  pass one another, th e  current 
from th e  n o rth  being evidently tem pered consider
ably by m ixture. N orth  of M osquito in le t the 
stream  trends to  th e  eastw ard of north , and off St. 
A ugustine i t  has a  decided se t to  th e  eastward 
Between St. A ugustine and  Cape H atte ras  th e  set 
of th e  stream  and th e  trend  of th e  coast differ b u t 
little , m aking 5° of easting in  5° of north ing. A t 
H a tte ra s  it  curves to  th e  northw ard, and  th en  runs 
easterly. I n  th e  la titude  of Cape Charles i t  tu rn s  
qu ite  to  th e  eastw ard, having a  velocity of from a 
m ile to  a  m ile and a  h a lf in  th e  hour.

A brief account of one of th e  sections w ill best 
explain th e  general phenom ena of th e  stream  off the 
coast of Am erica. I  w ill take  th e  section following 
a  line a t  r ig h t angles to  th e  coast off Sandy Hook. 
F rom  th e  shore out, for a  distance of about 250 
miles, th e  surface tem perature gradually  rises from  
21° to 24° C.; a t  10 fathom s i t  rises from  19° to  22° C. ; 
and  a t  20 fathom s i t  m aintains, w ith  a  few irregu
larities, a  tem perature of 19° C. th roughout th e  whole 
space ; while a t  100, 200, 300, and 400 fathom s it 
m aintains in  like m anner the respective tem peratures 
of 8° 8, 5°*7, 4°5, and 2°*5 C. This space is therefore 
occupied by cold w ater, and observation has suffi-
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ciently proved th a t th e  low tem perature is due to 
a  branch  of the Labrador curren t creeping down 
along th e  coast in  a  direction opposite to  th a t 
of th e  Gulf-stream. I n  th e  S tra it of F lo rida  this 
cold stream  divides—one portion of i t  passing under 
th e  hot Gulf-stream w ater in to  th e  G ulf of Mexico, 
while th e  rem ainder courses round th e  w estern end 
of Cuba. 240 miles from th e  shore th e  whole mass 
of w ater takes a sudden rise of about 10° C. w ithin 
25 miles, a rise affecting nearly equally th e  w ater a t 
a ll depths, and th u s  producing th e  singular pheno
m enon of two masses of w ater in  contact—one 
passing slowly southwards, and th e  o ther more 
rapidly northw ards, a t  widely different tem peratures 
a t  th e  same levels. This abu tting  of th e  side of the 
cold curren t against th a t of th e  G ulf-stream  is so 
ab ru p t th a t  i t  has been aptly  called by L ieu tenan t 
George M. Bache th e  ‘ Cold wall.* Passing th e  cold 
w all we reach th e  Gulf-stream , presenting all its 
Rpecial characters of colour and transparency and of 
tem perature. I n  th e  section which we have chosen 
as an  example, upw ards of th ree hundred miles in 
length , th e  surface tem perature is abou t 260,5 C., 
b u t th e  heat is no t uniform  across th e  stream , for 
we find th a t  throughout its  en tire  length , as far 
south as th e  Cape Canaveral section, th e  stream  is 
broken up  in to  longitudinal a lternating  bands of 
w arm er and cooler w ater. Off Sandy Hook, beyond 
th e  cold wall, th e  stream  rises to  a m axim um  of 
27°'8C., and th is warm band extends for abou t 60 
miles. The tem perature then  falls to  a  m inim um  of 
26°*5 C., which i t  retains for about 30 miles, when 
a  second m aximum of 270,4 succeeds, which includes
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th e  axis of th e  Gulf-stream, and is about 170 miles 
wide. This is followed by a second m inim um  of 
25°*5 C., and  th is  by a th ird  maximum, when the 
bands become indistinct. I t  is singular th a t th e  
m inim um  bands correspond w ith  valley-like depres
sions in  th e  bottom , which follow in  succession th e  
outline of th e  coast and lodge de3p southw ard exten
sions of the polar indraught.

The last section of th e  Gulf-stream surveyed by 
th e  Am erican H ydrographers extends in  a  south
easterly direction from  Cape Cod, lat. 41° N ., and 
traces th e  Gulf-stream, still broken up  by its bands 
of unequal tem perature, spreading directly eastward 
across th e  A tlan tic ; its velocity has, however, now 
become inconsiderable, and its  lim its are best traced 
b y  th e  therm om eter.

The course of th e  G ulf-stream  beyond th is point 
has given rise to  m uch discussion. I  again quote 
Professor Buff for w hat m ay be regarded as th e  
view m ost generally received am ong Physical Geo
graphers :—

“ A  great p a rt of th e  w arm  w ater is carried partly  
by its  own motion, b u t chiefly by th e  prevailing west 
and north-w est winds, tow ards th e  coasts of Europe 
and even beyond Spitzbergen and N ova Zem bla; and 
th u s  a  p a r t of th e  h ea t of th e  south reaches far into 
th e  A rctic Ocean. Hence, on th e  n o rth  coast of the 
old Continent, we always find driftwood from  the 
southern regions, and on th is  side th e  A rctic Ocean 
rem ains free from ice du rin g  a  g reat p a rt of th e  year, 
even as far up as 80° no rth  la titu d e ; while on the 
opposite coast (of Greenland) th e  ice is no t quite 
thaw ed even in  sum m er.” The two forces invoked
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by Professor Buff to perform  th e  work are thus th e  
vis a tergo of th e  trade-w ind drift, and th e  direct 
driving power of th e  anti-trades, producing w hat 
has been called the an ti-trade drift. This is quite 
in  accordance w ith  th e  views here advocated. The 
proportion in  which these two forces act, it  is u n 
doubtedly impossible in th e  present sta te  of our 
knowledge to  determ ine.

Mr. A. G. F indlay, a high au thority  on all hydro- 
graphic m atters, read a  paper on th e  Gulf-stream 
before th e  R oyal Geographical Society, reported  in 
th e  13th  volum e of th e  Proceedings of th e  Society. 
M r. F indlay, while adm itting  th a t  th e  tem perature 
of north-eastern Europe is abnorm ally am eliorated by 
a surface-current of th e  w arm  w ater of th e  A tlan tic  
which reaches it, contends th a t th e  G ulf-stream  proper, 
th a t is to say th e  w ater injected, as i t  were, into 
th e  A tlan tic  th rough  th e  S tra it of F lorida by th e  
im pulse of th e  trade-winds, becomes entirely  th inned 
out, dissipated, and  lost, opposite th e  Newfoundland 
banks about 'lat. 45° N . The w arm  w ater of th e  
southern portion  of th e  N o rth  A tlan tic  basin is s till 
carried northw ards ; b u t M r. F ind lay  a ttribu tes  th is  
movement solely to  th e  anti-trades—th e  south-west 
winds—which by th e ir prevalence keep up a balance 
of progress in  a north-easterly  direction in  th e  surface 
layer of th e  water.

D r. Carpenter entertains a very strong opinion th a t  
th e  dispersion of th e  G ulf-stream  m ay be affirmed to 
be complete in  about lat. 45° N. and long. 35° W . 
D r. C arpenter adm its th e  accuracy of th e  projection 
of th e  isotherm s on th e  maps of Bergbaus, Dové 
Peterm ann, and K eith  Johnston , and he adm its like
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wise the conclusion th a t the abnorm al mildness of the 
clim ate on th e  north-w estern coast‘of Europe is due 
to  a  m ovem ent of equatorial w ater in  a  north-easterly 
direction. “ W hat I  question is th e  correctness of 
th e  doctrine tha t th e  north-east flow is an extension 
or prolongation of th e  Gulf-stream, still driven on 
by th e  vis a ¿ergo of th e  trade-w inds—a doctrine 
which (greatly to  m y surprise) has been adopted and 
defended by my colleague Professor W yville Thom
son. B u t w hile these authorities a ttr ib u te  th e  whole 
or nearly  the-w ho le  of th is flow to  th e  tru e  Gulf- 
stream , I  regard a large part, i f  no t th e  whole, of 
th a t which takes place along our own w estern coast, 
and  passes n o rth  and north-east between Iceland  and 
Norway towards Spitzbergen, as quite independent 
of th a t agency ; so th a t  i t  w o u ld . continue if  th e  
N orth  and  South A m erican continents were so com
pletely disunited th a t th e  equatorial currents would 
be driven stra igh t onwards by th e  trade-winds in to  
th e  Pacific Ocean, instead of being embayed in  th e  
G ulf of Mexico and driven ou t in  a  north-east direc
tion through th e  ‘ narrow s’ off Cape F lorida.” 1 D r. 
Carpenter does no t m ean by th is  to  endorse M r. 
F indlay’s opinion th a t th e  m ovement beyond th e  
45 th  parallel of la titude  is due solely to  th e  d rift of 
th e  anti-trades ; he says, “  On th e  view I  advocate, 
th e  north-easterly  flow is regarded as due to  th e  
vis a fro n te  o rig inating  in  th e  action of cold upon 
th e  w ater of th e  polar area, whereby its  level is 
always tending to  depression.” 2 The am elioration 
of th e  clim ate of north-w estern Europe is th u s

1 D r. C arpen ter : P roceedings o f tho  P o y a l G eographical Society for 
1870, op. cib. 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 
th e  anti-trade drift.

A lthough there are, up to th e  present time, very 
few trustw orthy observations of deep-sea tempera
tures, the surface tem perature of the N orth  A tlantic 
has been investigated w ith considerable care. The 
general character of the isothermal lines w ith the ir 
singular loop-like northern  deflections, has long 
been fam iliar th rough the tem perature charts of the 
geographers already quoted, and of late years a  p ro 
digious am ount of data have been accum ulated both 
abroad and by our own A dm iralty and Meteoro
logical D epartm ent.

I n  1870, D r. Peterm ann, of Gotha, published1 an  
extrem ely valuable series of tem perature charts, 
embodying th e  results of the reduction of upwards 
of 100,000 observations, derived chiefly from  the 
following sources:—

1. From  th e  wind and current charts of Lieu
ten an t M aury, embodying about 30,000 distinct 
tem perature observations.

2. F rom  60,000 observations made by D utch sea- 
captains, and published by th e  Government of the 
Netherlands.

3. From  th e  journal of th e  Cunard steamers be
tween Liverpool and New York, and of th e  steamers 
of th e  M ontreal Company between Glasgow and 
Belleisle.

4. From  the data collected by th e  secretary of the

1 D er Golf-Strom u n d  S tan d p u n k t d e r therm om etrischen K en n tn iss  
des N ord-A tlan tischen  Oceans u n d  Landgebietes im  Ja h re  1870. 
Ju s tu s  P e r th e 's 1 G eographische M it te i lu n g e n /  B and 16. G otha, 1870.
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Scottish M eteorological Society, M r. B uchan, w ith 
regard  to  th e  tem peratu re  of the sea on th e  coasts 
of Scotland.

5. P rom  th e  publications of th e  Norwegian In s ti
tu te  on sea-tem peratures between Norway, Scotland, 
and Iceland.

6. P ro m  th e  d a ta  furnished by th e  B anish  R ear- 
A dm iral Irm inger on sea-tem perature between Den
m ark  and th e  D anish settlem ents in  Greenland.

7. F rom  th e  observations m ade by E a rl DufFerin 
on board h is yach t ‘ F o a m ’ between Scotland, Ice 
land, Spitzbergen, and Norway.

A nd finally, from  th e  recent observations collected 
by th e  E nglish , Swedish, Germ an, and R ussian  ex
peditions to  th e  arc tic  regions and towards the 
N o rth  Pole.

D r. Peterm ann has devoted th e  special a tten tion  
of a g rea t p a r t  of his life to  th e  d istribu tion  of heat 
on th e  surface of th e  ocean, and th e  accuracy and con
scientiousness of h is w ork in  every detail are béyond 
th e  shadow of a doubt. P la te  V I I .  is  in  th e  m ain 
copied from  his charts, w ith  a  few modifications and 
additions derived from  additional data. The rem ark
able diversion of th e  isotherm al lines from  their 
norm al course is undoubtedly  caused by surface ocean- 
cu rren ts  conveying w arm  trop ical w ater tow ards the 
po lar regions. This is no m atte r of speculation, for 
th e  cu rren t is in  m any places perceptible th rough  
its  effect on navigation, and  the p a th  of th e  warm 
w ater m ay be traced by dipping th e  therm om eter 
in to  i t  and no ting  its  tem perature.

I n  th e  N orth  A tlan tic  every curve o f equal tem 
pera tu re , w hether for th e  sum m er, for th e  w inter, for
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a  single m onth, or for th e  whole year, instan tly  
declares itse lf as one of a  system of carves which 
are referred to  th e  S tra it of F lo rida  as a  source of 
heat, and th e  flow of w arm  w ater may be traced in  
a  continuous stream , indicated w hen its  movement 
can no longer be observed by its  form ,—fanning out 
from  th e  neighbourhood of th e  S tra it across th e  
A tlan tic , sk irting th e  coasts of F rance, B ritain , and 
Scandinavia, rounding  th e  N o rth  Cape and passing 
th e  W hite  Sea and  th e  Sea of K ari, bath ing  the 
w estern shores of N ovaja Semla and  Spitzbergen, 
and  finally coursing round th e  coast of Siberia, a 
trace of i t  s till rem aining to  find its  way th rough  
th e  narrow  and shallow B ehring’s S tra it in to  th e  
N o rth  Pacific (see P la te  V II.) .

Now, i t  seems to  m e th a t  if  we had only these 
curves upon th e  chart, deduced from an  alm ost in 
finite num ber of observations w hich áre themselves 
m erely laboriously m ultip lied corroborations of m any 
previous ones, w ithou t having any clue to  th e ir 
rationale, we should be compelled to  adm it th a t  
w hatever m ight be th e  am ount and  d istribu tion  of 
h ea t derived from  a  general oceanic circulation,— 
w hether produced by th e  prevailing winds of the 
region, by convection, by unequal barom etric pres
sure, by tropical heat, or by  arc tic  cold,— th e  Gulf- 
stream , th e  m ajestic stream  of w arm  w ater whose 
course is indicated by th e  deflections of th e  isother
m al lines, is sufficiently powerful to  m ask a ll th e  
rest, and, broadly speaking, to  produce of itse lf all 
th e  abnorm al therm al phenomena.

T he deep-sea tem peratures taken  in  th e  ‘ Porcu
p ine’ have an  im portan t hearing upon  th is question,
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since th ey  g ive u s  th e  d ep th  an d  volum e o f  th e  m ass 
o f w a te r w h ich  is  h ea ted  above i ts  n o rm a l tem p era
tu re , an d  w h ich  w e m u s t re g a rd  as th e  softener of 
th e  w inds b lo w in g  o n  th e  coasts  o f E urope. R efer
r in g  to  E ig . 60, in  th e  B ay  o f B iscay , a f te r  passing  
th ro u g h  a  shallow  band  su p e rh ea ted  b y  d irec t ra d ia 
tio n , a  zone o f  w arm  w a te r  ex ten d s  to  th e  dep th  of 
800 fa thom s, succeeded b y  cold w a te r to  a  d ep th  of 
n ea rly  tw o  m iles. I n  th e  R o ck a ll ch an n e l (F ig . 59) 
th e  w arm  la y e r h as  n e a rly  th e  sam e th ick n ess , and 
th e  cold u n d e r ly in g  w a te r  is  500 fa thom s deep. Off 
th e  B u t t  o f  th e  L ew s (F ig . 56) th e  bo ttom  tem 
p e ra tu re  is  5°*2 C. a t  767 fa th o m s, so t h a t  th e re  
th e  w arm  la y e r  ev id en tly  reaches to  th e  bo ttom . 
I n  th e  F æ ro e  ch an n e l (F ig . 55) th e  w arm  w a te r 
fo rm s a  su rface  lay er, an d  th e  cold w a te r u nderlies  
it, com m en cin g  a t  a  d ep th  o f  200 fa th o m s,— 567 
fa th o m s above th e  level o f  th e  b o tto m  o f  th e  w arm  
w a te r off th e  B u t t  o f  th é  Lew s. T h e  cold w ate r 
ab u ts  a g a in s t  th e  w arm — th e re  is  no  b a rr ie r  betw een 
them . P a r t  o f  th e  w arm  w a te r  flows over th e  
cold in d ra u g h t, a n d  fo rm s th e  u p p e r lay e r in  th e  
Fdferoe c h a n n e l  W h a t  p rev en ts  th e  cold w a te r  from  
slip p in g , b y  v ir tu e  o f  i ts  g re a te r  w e ig h t, u n d e r  th e  
w arm  w a te r  o ff th e  B u t t  o f  th e  L ew s ? I t  is  q u ite  
ev id en t t h a t  th e re  m u s t  b e  som e force a t  w ork 
k eep in g  th e  w arm  w a te r  in  t h a t  p a r tic u la r  position , 
o r, i f  i t  b e  m o v in g , com pelling  i t  to  follow  th a t  
p a r tic u la r  course. T h e  co m p ara tiv e ly  h ig h  te m 
p e ra tu re  fro m  100  fa th o m s to  900  fa th o m s I  have 
a lw ays a t t r ib u te d  to  th e  n o r th e rn  accu m u la tio n  of 
th e  w a te r o f  th e  G u lf-s tream . T h e  am o u n t o f  h ea t 
derived d ire c tly  from  th e  su n  by th e  w a te r as i t
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passes th ro u g h  any  p a r tic u la r  reg ion , m u s t b e  re 
g arded , as I  hav e  a lread y  said , as depend ing  a lm ost 
e n tire ly  u p o n  la titu d e . T a k in g  th is  in to  acco u n t, 
th e  su rface  te m p e ra tu re s  in  w h a t w e w ere  in  th e  
h a b it  o f  c a llin g  th e  ‘ w arm  a r e a ’ coincided precisely  
w ith  P e te rm a n n ’s cu rves in d ic a tin g  th e  n o rth w a rd  
p a th  o f  th e  G u lf-stream .

I  e x tra c t  th e  fo llow ing  from  a le t te r  d a ted  23rd  
S ep tem ber, 1872, from  P ro fesso r H .  M ohn , d irec to r o f 
th e  N orw eg ian  M eteoro log ica l I n s t i tu te  a t  C h ris tian ia , 
to  M r. B u ch an , th e  excellen t sec re ta ry  o f th e  S co ttish  
M eteoro log ica l Society  :— “  I  h av e  th is  su m m er go t 
som e deep-sea te m p e ra tu re s  w h ich  m ay  b e  o f  genera l 
in te re s t  fo r o u r  c lim ate . I n  th e  T h rondh jem s-fjo rd  
I  fo u n d  16°5  C. on  th e  surface, a n d  fro m  50  fa thom s 
to  th e  b o tto m  (200 fa thom s) a  v e ry  u n ifo rm  tem p e ra 
tu r e  o f  6° 5 C . in  one  p lace, an d  6° C. in  a n o th e r  
p lace  fu r th e r  in . I n  th e  Sceguefjord I  fo u n d  16° C. 
o n  th e  surface, an d  6°*5 C. c o n s ta n tly  fro m  10 to  
700 fa th o m s. B etw een  Ic e la n d  a n d  E £ ro e , L ie u 
te n a n t  M ü lle r, com m ander o f th e  B erg en  an d  Ice lan d  
s team er, h a s  found  th is  su m m er 8° C. a t  th e  b o tto m  
in  300 fa thom s. T h is  p roves t h a t  th e  G u lf-stream  
w a te r  fills th e  w ho le  o f th e  ch an n el, c o n tra ry  to  
w h a t is  th e  case in  th e  P æ ro e -S h e tla n d  chan n e l, 
w h ere  th e re  is  ice-cold, w a te r  in  a  d e p th  o f  300 
fa th o m s.”  T h e  fac ts  h e re  m en tio n ed  a re  very  
im p o rta n t, an d  en tire ly  confirm  o u r re su lts  ; b u t  m y  
ch ie f ob jec t in  g iv in g  th e  q u o ta tio n  is  to  show  th e  
u n h e s ita tin g  w ay in  w h ich  th e  ex p la n a tio n  w h ich  
a t tr ib u te s  th e  h ig h  te m p e ra tu re  o f  th e  sea on  th e  
S can d in av ian  coast to  th e  G u lf-stream  is  adop ted  by  
th o se  b e s t qualified  to  form  an  opinion.
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T lie N o r th  A tla n t ic  an d  A rc tic  seas fo rm  to g e th e r  
a  cu l de sac  closed to  th e  n o rth w a rd , fo r th e re  is 
p ra c tic a lly  n o  p assag e  fo r a  body  o f w a te r th ro u g li 
B e h r in g ’s S tra it . W h ile , therefo re , a  la rg e  p o rtio n  
o f  th e  w a te r, f in d in g  n o  free o u tle t tow ards th e  
n o r th -e a s t, tu rn s  so u th w ard  a t  th e  A çores, th e  re 
m a in d e r, in s te a d  o f  th in n in g  oif, h a s  r a th e r  a  te n 
dency  to  a c c u m u la te  a g a in s t th e  coasts  b o und ing  
tlie  n o r th e rn  p o rtio n s  o f  th e  tro u g h . W e  accord ing ly  
find  th a t  i t  h as  a  d e p th  off th e  w est coast o f  Ic e lan d  
o f  a t  le a s t  4 ,800  feet, w ith  a n  u n k n o w n  la te ra l 
ex ten sio n . D r. C arp en te r, d iscussing  th is  opin ion, 
says : “  I t  is  to  m e  physica lly  inconceivable th a t  
th is  su rface  film  o f  ligh ter  (because w arm er) w ate r 
shou ld  co llect i ts e lf  to g e th e r  ag a in — even supposing  
i t  s t i l l  to  r e ta in  an y  excess o f te m p e ra tu re — and  
shou ld  b u rro w  dow nw ards in to  th e  * tro u g h ,’ d is
p la c in g  co lder a n d  heavier w a ter , to  a  d e p th  m u ch  
g re a te r  th a n  th a t  w h ich  i t  possesses a t  th e  p o in t o f 
i ts  g re a te s t ‘ g lo ry ’— its  passage  th ro u g h  th e  F lo rid a  
N arrow s. T h e  u p h o ld e rs  o f th is  h y p o th esis  h av e  to  
e x p la in  how  su ch  a  re -co llec tion  an d  d ipping-dow n 
o f  th e  G u lf-s tream  w a te r  is  to  be accounted  fo r on 
p h y sica l p rin c ip le s .” 1 I  believe th a t  a s  a  ru le , 
e x p e rim e n ta l im ita tio n s  on  a  sm all scale a re  o f l i t t le  
use  in  th e  il lu s tra tio n  o f  n a tu ra l  phenom ena ; a  very  
s im ple  ex p e rim e n t w ill, how ever, show  th a t  su ch  a 
p rocess is  possible. I f  w e p u t  a  tab lespoon fu l o f 
coch ineal in to  a  can  o f  h o t w a te r, so as to  g ive i t  
a  re d  t in t ,  an d  th e n  r u n  i t  th ro u g h  a  p iece o f  ind ia- 
ru b b e r  tu b e  w ith  a  considerab le  im p u lse  a long  th e  
surface o f  a  q u a n ti ty  o f co ld  w a te r in  a  b a th , w e see 

1 D r. C arpen ter’s  A ddress to G eographical Society, op. cit.
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th e  re d  s tream  w iden ing  o u t a n d  b ecom ing  p a le r 
over th e  g en e ra l su rface o f th e  w a te r t i l l  i t  reaches 
th e  opposite  edge, a n d  very  sh o rtly  th e  ra p id ly  
h e ig h ten in g  co lour o f a  b a n d  a long  th e  opposite  
w a ll in d ica tes  a n  accu m u la tio n  o f  th e  co loured  w a te r 
w here  i ts  c u r re n t is  a rrested . I f  w e now  d ip  th e  
h a n d  in to  th e  w a te r  o f th e  ce n tre  o f th e  b a th , a  w arm  
b race le t m ere ly  encirc les th e  w ris t ; w h ile  a t  th e  end  
o f  th e  b a th  opposite  th e  w arm  in flux , th e  h o t w ate r, 
th o u g h  considerab ly  m ixed , envelopes th e  w hole hand .

T h e  N o r th  A tla n tic  fo rm s a  b a s in  closed to  th e  
n o rth w ard . I n to  th e  co rner o f  th is  b as in , as in to  a  
b a th ,— w ith  a  n o rth -e as te rly  d irec tio n  g iven  to  i t  by  
i ts  in i t ia l  ve locity , as i f  th e  supp ly  p ip e  o f  th e  b a th  
w ere  tu rn e d  so as to  g ive th e  h o t w a te r  a  defin ite 
im p u lse ,— th is  enorm ous flood is  p o u red , day  an d  
n ig h t,  w in te r  an d  sum m er. W h e n  th e  b as in  is fu ll 
— and  n o t  t i l l  th e n — overcom ing i ts  n o r th e rn  im pu lse , 
th e  su rp lu s  w a te r  tu rn s  so u th w ard s  in  a  so u th e rn  
eddy , so t h a t  th e re  is  a  c e r ta in  ten d en cy  fo r th e  
h o t  w a te r  to  accu m u la te  in  th e  n o r th e rn  b as in , 
to  c b a n k  d o w n 11 a long  th e  n o r th -e a s te rn  coasts.

I t  is  scarcely  necessary  to  say  th a t  fo r every  u n i t  
o f  w a te r  w h ich  e n te rs  th e  b a s in  o f  th e  N o r th  
A tla n tic , an d  w h ich  is n o t evapora ted , a n  eq u iv a len t 
m u s t re tu rn . A s co ld  w a te r  can  g ra v ita te  in to  th e  
deep er p a r ts  o f th e  ocean from  a ll d irec tions, i t  is 
on ly  u n d e r  p ecu lia r c ircum stances  t h a t  a n y  m ove
m e n t h av in g  th e  ch a rac te r o f a  c u rre n t is  in d u ced ;

1 Ocean C urren ts . A n  A ddress delivered to  th e  R oyal U n ited  
Service In s titu tio n  J u n e  15 th , 1871. By J .  K . L aughton , M.A., 
N aval In s tru c to r a t  tho  Royal N aval College. (F rom  th e  Jo u rn a l of 
th e  In stitu tio n , vol. xv .)
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th e se  c ircu m stan ces  occu r, how ever, i n  th e  confined 
a n d  c o n tra c te d  co m m u n ica tio n  b e tw een  th e  N o rth  
A tla n t ic  a n d  th e  A rc tic  Sea. B etw een  C ape B are- 
w ell an d  N o r th  C ape th e re  a re  on ly  tw o  channels  
o f  an y  co n sid e rab le  d e p th , th e  one v e ry  n a rro w  
a lo n g  th e  ea s t coast o f  Ic e la n d , an d  th e  o th e r 
a lo n g  th e  e a s t  co as t o f  G reen land . T h e  shallow  
p a r t  o f  th e  sea is  e n tire ly  occupied , a t  a l l  even ts 
d u rin g  su m m er, b y  th e  w arm  w a te r  o f  th e  G ulf- 
s tream , ex cep t a t  one  p o in t, w here  a  ra p id  c u rre n t 
o f  cold w a te r , v e ry  re s tr ic te d  an d  v e ry  shallow , 
sweeps ro u n d  th e  so u th  o f  S p itzbergen  a n d  th e n  
d ips u n d e r  th e  G u lf-s tre am  w a te r  a t  th e  n o rth e rn  
e n tra n c e  o f  th e  G erm an  Ocean.

T h is  cold flow, a t  f irs t  a  c u rre n t, finally  a  m ere 
in d ra u g h t, affects g re a tly  th e  te m p e ra tu re  o f  th e  
G erm an  O cean ; b u t  i t  is  e n tire ly  lo s t, fo r th e  s lig h t 
c u r re n t w h ich  is ag a in  p roduced  b y  th e  g re a t con
tra c tio n  a t  th e  S tra i t  o f  D over, h a s  a  su m m er tem 
p e ra tu re  o f  7°-5 C. T h e  p a th  o f  th e  cold in d ra u g h t 
fro m  S p itzb erg en  m ay  b e  re ad ily  tra c e d  o n  th e  m ap  
b y  th e  depressions in  th e  su rface  iso th e rm a l lines, and  
in  d red g in g  b y  th e  ab u n d an ce  o f g ig a n tic  am phi- 
podous a n d  isopodous c ru stacean s, a n d  o th e r  w ell- 
k n o w n  A rc tic  a n im a l form s.

P ro m  i ts  low  in i t ia l  ve locity  th e  A rc tic  r e tu rn  
c u r re n t, o r in d ra u g h t, m u s t doubtless- te n d  s lig h tly  
in  a  w este rly  d irec tio n , a n d  th e  h ig h e r specific g ra v ity  
o f  th e  co ld  w a te r  m ay  p ro b a b ly  even  m o re  pow er
fu lly  lead  i t  in to  th e  deepest ch an n e ls  ; o r possib ly  
th e  tw o  causes m ay  com bine, a n d  in  th e  course o f 
ages th e  c u rre n ts  m ay  ho llow  o u t deep so u th 
w este rly  grooves. A t  a l l  ev en ts , th e  m a in  A rc tic
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r e tu rn  c u rre n ts  a re  very  v isib le  o n  th e  c h a r t  ta k in g  
th is  d irec tion , in d ica ted  by  m ark e d  deflections of 
th e  iso th e rm a l lines. T h e  m o st m ark e d  is  th e  
L a b ra d o r  c u rre n t, w h ich  passes dow n  in s id e  th e  
G u lf-s tream  a lo n g  th e  coasts  o f  C aro lin a  an d  N ew  
Je rse y , m ee tin g  i t  in  th e  s tra n g e  a b ru p t  ‘ cold 
w a l l /  d ip p in g  u n d e r  i t  as i t  issues from  th e  G ulf, 
co m in g  to  th e  surface ag a in  o n  th e  o th e r  side, 
an d  a  p o rtio n  o f  i t  ac tu a lly  passing , u n d e r  th e  G ulf- 
s tream , as a  cold co u n te r-cu rren t in to  th e  G u lf  o f 
M exico.

F if ty  o r  s ix ty  m iles o u t  fro m  th e  w est coast o f 
S co tland , I  believe th e  G u lf-s tream  fo rm s an o th er, 
th o u g h  a  v e ry  m itig a te d , ‘ cold w a l l /  I n  1868, 
a f te r  o u r firs t in v es tig a tio n  o f  th e  very  re m a rk ab le  
cold in d ra u g h t in to  th e  channel betw een  S h e tla n d  and  
Faeroe, I  s ta ted  m y  b elief th a t  th e  c u r re n t w as en tire ly  
b an k e d  u p  in  th e  F æ ro e  C h an n e l b y  th e  G u lf-stream  
p ass in g  its  gorge. - S ince t h a t  tim e  I  h av e  been  led  
to  su sp ec t t h a t  a  p a r t  o f th e  A rc tic  w a te r oozes dow n 
th e  S co ttish  coast, m u c h  m ixed , an d  suffic ien tly  
shallow  to  b e  affected th ro u g h o u t b y  so lar ra d ia tio n . 
A b o u t s ix ty  o r  seven ty  m iles  from  shore  th e  iso th e r
m a l lin es  h av e  a  s lig h t b u t  u n ifo rm  deflection . 
W ith in  th a t  lin e  ty p e s  c h a rac te r is tic  o f  th e  S cand i
n a v ia n  fau n a  a re  n u m ero u s  in  shallow  w a te r , an d  
in  th e  course o f m an y  y e a rs ’ u se  o f th e  to w in g  n e t 
I  hav e  never m e t w ith  an y  o f  th e  G u lf-s tream  
p teropods, o r o f th e  lovely  P o ly cy s tin a  an d  A can tho - 
m e tr in a  w h ich  ab so lu te ly  sw arm  beyond  th a t  l im it. 
T h e  difference in  m ean  te m p e ra tu re  b e tw een  th e  
e a s t an d  w est coasts  o f  S co tland , a m o u n tin g  to  
a b o u t I o C ., is  a lso  som ew hat less th a n  m ig h t be
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expected  i f  th e  G u lf-s tream  cam e close to  th e  w estern  
shore.

W h ile  th e  com m unication  betw een  th e  N o rth  
A tla n tic , a n d  th e  A rc tic  S ea— itse lf  a  second cul 
de sac— is th u s  re s tr ic te d , l im itin g  th e  in te rch a n g e  of 
w arm  an d  cold w a te r in  th e  n o rm a l d irec tio n  o f th e  
flow o f th e  G ulf-stream , an d  cau sin g  th e  d iversion  of 
a  la rg e  p a r t  o f  th e  s tre a m  to  th e  sou thw ards, th e  
co m m u n ica tio n  w ith  th e  A n ta rc tic  b as in  is  as open as 
th e  day  a  co n tin u o u s a n d  w ide valley  upw ards o f 
2,000 fa thom s in  d ep th  s tre tc h in g  n o rth w ard s  a long  
th e  w este rn  coasts o f A frica  an d  E urope .

T h a t th e  so u th e rn  w a te r w ells u p  in to  th is  valley  
th e re  cou ld  b e  l i t t le  d o u b t fro m  th e  form  of th e  
g ro u n d ; b u t  h e re  ag a in  w e h av e  cu rio u s co rrobora tive  
evidence on  th e  m ap in  th e  rem ark ab le  reversa l o f th e  
curves o f  th e  iso therm s. T h e  te m p e ra tu re  o f th e  b o t
to m  w a te r a t  1 ,230 fa thom s off R o ck a ll is  30,22 C., 
ex ac tly  th e  sam e as th a t  o f w ate r a t  th e  sam e d ep th  in  
th e  se ria l sound ing , la t . 47° 38' N ., long. 12° 0 8 'W . in  
th e  B ay  o f B iscay , w h ich  affords a  s tro n g  p resu m p tio n  
th a t  th e  w a te r  in  b o th  cases is  derived  from  th e  sam e 
source ; an d  th e  b o tto m  w a te r  off l lo c k a ll  is  w arm er 
th a n  th e  b o tto m  w a te r  in  th e  B ay  o f  B iscay  (2°‘5 C.), 
w h ile  a cordon  o f  te m p e ra tu re  sou n d in g s d raw n  from  
th e  n o rth -w e s t o f  S co tland  to  a  p o in t on  th e  Ic e la n d  
shallow  gives no  te m p e ra tu re  low er th a n  6°*5 C. T h is  
m akes i t  very  im pro b ab le  th a t  th e  low  tem p e ra tu re  
o f  th e  B ay  o f  B iscay  is due  to  an y  considerable p o r
t io n  o f  th e  S p itzb erg en  c u r re n t p ass in g  dow n th e  w est 
coast o f  S co tland ; an d  a s  th e  co ld  c u r re n t to  th e  
ea s t o f Ic e la n d  passes so u th w ard s  considerab ly  to  th e  
w estw ard , as in d ica ted  on  th e  m ap  b y  th e  successive
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depressions in  th e  su rface  iso th erm s, th e  b a lan c e  of 
p ro b a b ility  seem s to  b e  in  fav o u r o f  th e  view  th a t  th e  
cond itions o f  te m p e ra tu re  a n d  th e  slow  m o v em en t of 
th is  v a s t m ass o f m o d era te ly  co ld  w a te r, n e a r ly  tw o  
s ta tu te  m iles in  d ep th , a re  to  b e  re fe rred  to  a n  
A n ta rc tic  r a th e r  th a n  to  a n  A rc tic  orig in .

T h e  N o r th  A tla n t ic  O cean seem s to  co n sis t f irs t  o f 
a  g re a t shee t o f  w arm  w ate r, th e  g en era l n o r th e r ly  
re flux  o f th e  eq u a to ria l c u rre n t. O f th is  th e  g re a te r 
p a r t  passes th ro u g h  th e  S tr a i t  o f  F lo rid a , an d  i ts  
n o rth -e a s te rly  flow  is  a id ed  a n d  m a in ta in e d  b y  th e  
an ti- trad e s , th e  w ho le  h e in g  g e n e ra lly  ca lled  th e  
G u lf-s tream . T h is  la y e r  is  o f  v a ry in g  d ep th s , ap 
p a re n tly  from  th e  o bserva tions o f C ap ta in  C him m o 
an d  o th ers , th in n in g  to  a  h u n d re d  fa th o m s o r  so in  
th e  m id -A tlan tic , b u t  a t ta in in g  a  d e p th  o f  700 to  800 
fa th o m s off th e  w est coasts  o f  I re la n d  a n d  S pain . 
S econdly  o f a  ‘ s t r a tu m  o f  in te rm ix tu r e 5 w h ich  ex 
te n d s  to  a b o u t 200 fa th o m s in  th e  B ay  o f  B iscay , 
th ro u g h  w h ich  th e  te m p e ra tu re  fa lls  r a th e r  ra p id ly  ; 
a n d  th ird ly , o f a n  u n d e r ly in g  m ass o f co ld  w a te r, 
in  th e  B ay  o f  B iscay  1 ,500 fa th o m s deep, d erived  as 
a n  in d ra u g h t fa llin g  in  by  g ra v ita tio n  fro m  th e  
deepest av a ilab le  source, w h e th e r  A rc tic  o r  A n ta rc tic . 
I t  seem s a t  f irs t  s ig h t a  s ta r t l in g  suggestion , 
th a t  th e  co ld  w a te r f illin g  deep ocean  v a lley s in  th e  
n o r th e rn  hem isphere  m ay  b e  p a r tly  d erived  from  
th e  s o u th e rn ; b u t  th is  difficulty, I  believe, a rises 
from  th e  id ea  t h a t  th e re  is  a  k in d  o f  d ia p h ra g m  a t  
th e  e q u a to r  b e tw een  th e  n o r th e rn  an d  so u th e rn  ocean 
b asin s, one o f  th e  m an y  m isconcep tions w h ich  follow  
in  th e  t r a in  o f  a  n o tio n  o f  a  convective c irc u la tio n  in  
th e  sea  s im ila r to  t h a t  in  th e  a tm o sp h ere . T h e re  is
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u n d o u b ted ly  a  g ra d u a l e lev a tio n  o f  a n  in te rtro p ic a l 
b e lt  o f  tb e  u n d e r ly in g  co ld  w a te r, w h ich  is  be ing  
ra ised  b y  th e  su b s id in g  o f  s t i l l  co lder w a te r  in to  its  
bed  to  su p p ly  th e  p lace  o f th e  w a te r  rem oved  b y  th e  
e q u a to r ia l c u r re n t  an d  by  excessive ev ap o ra tio n  ; b u t  
su ch  a  m ovem en t m u s t be w idely  a n d  irre g u la rly  
d iffused a n d  excessively  slow , n o t  in  an y  sense com 
p a ra b le  w ith  th e  d ia p h ra g m  p ro d u ced  in  th e  a tm o 
sp h ere  b y  th e  ru s h in g  u p w a rd s  o f  th e  n o rth -e a s t an d  
so u th -ea s t trad e -w in d s  in  th e  zone o f ca lm s. P e rh a p s  
one  o f  th e  m o s t conclusive p roofs o f th e  ex trem e  
slow ness o f  th e  m o v em en t o f  th e  deep in d ra u g h t  is  
th e  n a tu r e  o f  th e  b o tto m . O ver a  g re a t  p a r t  o f  th e  
floor o f  th e  A tla n t ic  a  deposit is  b e in g  fo rm ed  o f 
m icroscop ic  shells . T hese  w ith  th e ir  l iv in g  in h a 
b i ta n ts  differ l i t t l e  in  specific w e ig h t fro m  th e  w a te r 
itse lf, an d  fo rm  a  c ream y  floccu len t lay e r , w h ich  m u s t 
b e  a t  once rem oved  w h erev er th e re  is  a  p ercep tib le  
m ovem en t. I n  w a te r  o f  m o d era te  d e p th , in  th e  
co u rse  o f an y  o f th e  c u rre n ts , th is  deposit is  en tire ly  
ab se n t, an d  is  rep laced  b y  coarser o r fin er g ravel.

I t  is  on ly  on  th e  su rface  o f th e  sea  t h a t  a  lin e  is  
d ra w n  b e tw een  th e  tw o  hem isp h eres  b y  th e  eq u a to ria l 
c u r re n t, w hose effect in  sh ed d in g  a  v a s t in te r tro p ic a l 
d r if t  o f w a te r  on  e ith e r  s ide  as i t  b re ak s  a g a in s t th e  
e a s te rn  shores o f e q u a to r ia l la n d  m ay  b e  seen  a t  a  
g lan ce  o n  th e  m o st e lem en ta ry  p h y sica l ch a rt.

T h e  G u lf-s tream  loses a n  en o rm o u s a m o u n t o f  h e a t 
in  i ts  n o r th e rn  to u r . A t  a  p o in t 200 m iles  w est o f 
U sh a n t, w h ere  o b se rv a tio n s  a t  th e  g re a te s t dep ths 
w ere m ad e  on  b o a rd  th e  ‘ P o rc u p in e ,’ a  sec tion  o f 
th e  w a te r  o f  th e  A tla n t ic  show s th re e  su rfaces a t 
w h ich  in te rc h a n g e  o f te m p e ra tu re  is  ta k in g  p lace.
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F ir s t ,  th e  su rface  o f  th e  sea— th a t  is  to  say , th e  
u p p e r  surface o f th e  G u lf-s tre am  la y e r— is lo sin g  
h e a t ra p id ly  by  ra d ia tio n , b y  c o n ta c t w ith  a  la y e r  o f 
a ir  w h ich  is  in  c o n s ta n t m o tio n  an d  b e in g  p e r
p e tu a lly  cooled b y  convection , an d  h v  th e  con 
version  o f  w a te r iu to  v a p o u r .1 A s th is  coo ling  of 
th e  G u lf-stream  lay e r tak es  p lace  p rin c ip a lly  a t  th e  
surface, th e  te m p e ra tu re  o f  th e  m ass is k e p t p re t ty  
u n ifo rm  b y  convection . S econdly , th e  h a n d  o f  con 
t a c t  o f  th e  low er su rface  o f  th e  G u lf-s tream  w a te r 
w ith  th e  u p p e r  su rface  o f th e  co ld  in d ra u g h t. H e re  
th e  in te rc h a n g e  o f  te m p e ra tu re  m u s t b e  very  slow, 
th o u g h  th a t  i t  does ta k e  p lace  is  show n  by  th e  
s l ig h t depression  o f th e  su rface  iso th e rm s over th e  
p rin c ip a l p a th s  o f  th e  in d ra u g h t. B u t  th e re  is  a  
good deal o f  in te rm ix tu re  ex te n d in g  th ro u g h  a  con
siderab le  layer. T h e  co ld  w a te r  b e in g  ben ea th , 
convection  in  th e  o rd in a ry  sense c a n n o t occur, an d  
in te rch a n g e  o f  te m p e ra tu re  m u s t depend  m a in ly  
u p o n  conduc tion  a n d  diffusion, causes w h ich  in  th e  
case o f m asses o f  w a te r  m u s t b e  a lm o st se c u la r  in  
th e i r  ac tio n , and  p ro b ab ly  to  a  m u c h  g re a te r  e x te n t 
u p o n  m ix tu re  p roduced  b y  local c u rre n ts  a n d  by  
th e  tides. T h e  th ird  su rface  is th a t  o f  c o n tac t b e
tw een  th e  cold in d ra u g h t a n d  th e  b o tto m  o f  th e  
sea. T h e  te m p e ra tu re  o f th e  c ru s t o f  th e  e a r th  
h as  b een  v a rio u s ly  ca lc u la te d  a t  fro m  4° to  11° C., 
b u t  i t  m u s t be com plete ly  cooled dow n b y  a n y th in g  
lik e  a  m ovem ent an d  c o n s ta n t renew al o f co ld  w a te r.

O n D eep-sea C lim ates. T h e  Substnnco o f a  L ec tu re  delivered  to 
th e  N a tu ra l Science C lass in  Q ueen’s College, B elfast, a t  th e  close o f 
th e  Sum m er Session 1870, by  Professor AVyville Thom son. (N ature, 
J u ly  2 8 th , 1870.)
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A ll w e can  say , th e re fo re , is  th a t  co n tac t w ith  th e  
b o tto m  c a n  n ev e r b e  a  source o f depression  o f tem 
p e ra tu re . As a  g en e ra l re su lt th e  G u lf-stream  w a te r 
is  nea rly  u n ifo rm  in  te m p e ra tu re  th ro u g h o u t th e  
g re a te r  p a r t  o f  i ts  d ep th  ; th e re  is  a  m ark ed  zone 
o f in te rm ix tu re  a t  th e  ju n c tio n  betw een  th e  w arm  
w a te r  an d  th e  cold, an d  th e  w a te r  o f  th e  cold 
in d ra u g h t  is  re g u la r ly  s tra tif ied  b y  g ra v ita tio n  ; 
so t h a t  in  deep w a te r  th e  co n to u r lines o f  th e  
sea-bo ttom  are, sp eak in g  gen era lly , lines o f  equal 
te m p e ra tu re . K eep in g  in  view  th e  enorm ous in 
fluence w h ich  ocean c u rre n ts  exercise  in  th e  d is
tr ib u tio n  o f c lim ates a t  th e  p re se n t tim e , I  th in k  
i t  is  scarce ly  g o in g  too  fa r  to  suppose t h a t  su ch  
c u r re n ts— m ovem en ts  co m m u n ica ted  to  th e  w a te r  by  
c o n s ta n t w inds— ex is ted  a t  a ll geological p e rio d s as 
th e  g re a t m eans, I  h a d  a lm o st sa id  th e  sole m eans, 
o f p ro d u c in g  a  g en era l oceanic c ircu la tio n , and  th u s  
d is tr ib u tin g  h e a t in  th e  ocean. T hey  m u s t have 
ex isted , in  fac t, w h erev er e q u a to r ia l la n d  in te r 
ru p te d  th e  p a th  o f  th e  d r if t  o f th e  trade -w inds. 
W h e rev e r a  w arm  c u rre n t w as deflected to  n o r th  
o r  so u th  from  th e  eq u a to ria l b e lt  a  p o la r  in d ra u g h t 
c rep t in  b en e a th  to  su p p ly  its  p lace  ; an d  th e  ocean 
co n seq u en tly  consisted , as in  th e  A tla n tic  and  
d o u b tle ss  in  th e  Pacific  a t  th e  p re se n t day , o f  an  
u p p e r  w a rm  s tra tu m , an d  a  low er la y e r  o f  cold 
w a te r  becom ing  g ra d u a lly  co lder w ith  in c reas in g  
dep th .

I  fear, th e n , th a t  in  opposition  to  th e  view s o f 
m y  d is tin g u ish ed  colleague, I  m u s t re p e a t th a t  I  
hav e  seen a s  y e t n o  reason  to  m odify  th e  op in ion  
w h ich  I  h av e  co n sis ten tly  he ld  from  th e  firs t, th a t
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th e  rem arkab le  conditions o f c lim ate  on  th e  coasts 
o f N o rth e rn  E u ro p e  a re  due in  a  b road  sense solely 
to  th e  G ulf-stream . T h a t is  to  say, th a t  a lth o u g h  
m ovem ents, som e o f th em  possibly o f considerable 
im portance, m u s t be p roduced  by  differences o f spe
cific g rav ity , y e t th e  in fluence o f th e  g re a t c u rre n t 
w hich  w e ca ll th e  G ulf-stream , th e  re flu x  o f  th e  
g re a t eq u a to ria l c u rre n t, is  so p a ra m o u n t as to  reduce 
a ll o th e r causes to  u t te r  insignificance.

T U B  G I A N T  ANI» T I I B  I I A U .



CHAPTER IX.

T H E  D E E P -S E A  FA U N A .

T lie  Protozoa o f th e  Deep-sea.— Bathybius .— * Cocco] i  tb s /  and  ‘ Cocco- 
splieres.’— T h e  Foram inifera o f th e  W arm  and  Cold A jeas.— Deep- 
sea Sponges. —  T h e  H exactinellidæ . — Rossella.— H yalonem a .—  
D eep-sea Corals.— T h e  S ta lked  C rinoids.— Rentac lin u s .— Rhizo
crinus . —  B athycrinus. — T h e  S ta r fishes o f th e  Deep-sea.— The 
general D is trib u tio n  and  R elations o f D eep-sea U rchins.— The 
C rustacea, th e  M ollusca, an d  th e  F ishes o f  th e  ‘ P o rc u p in e ' E x p e 
ditions.

T h e  t im e  lias  n o t  y e t  a rriv ed  fo r g iv ing  a n y th in g  
lik e  a  d e ta iled  acco u n t o f th e  deep-sea fa u n a ;  even 
i f  i t  w ere  possib le  to  do so in  a  p o p u la r sk e tch  o f 
th e  g en e ra l re su lts  o f  a  w ide investiga tion . I  m u st 
th e re fo re  confine m y se lf  a t  p re se n t to  a  b rie f  o u tlin e  
o f  th e  d is tr ib u tio n  o f  th e  form s o f  a n im a l life  w hich  
w ere  m e t w ith  in  th e  b e lt  p a r tia lly  ex am in ed  d u rin g  
tlie  * P o rcu p in e  * d redg ings, a  b e lt  w h ich  carries th e  
B r it ish  zoological a re a  a b o u t a  h u n d re d  m iles fu r th e r  
o u t to  seaw ard  a lo n g  th e  n o r th e rn  an d  w este rn  coasts 
o f  th e  B ritish  I s le s , an d  in to  d ep th s  ex ten d in g  from  
200 fa th o m s, th e  p rev io u s lim it o f  a c cu ra te  know 
ledge, to  800 an d  1 ,000 fa th o m s, an d  in  one o r  tw o 
iu stan ces  to  th e  ex trem e d e p th  o f u p w ard s  o f 2,000 
fathom s.
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T h e  re m a rk ab le  g en e ra l re su lt  th a t  even  to  th e se  
g re a t d ep th s  th e  fa u n a  is  varied  a n d  rich  in  a ll th e  
m arin e  in v e rte b ra te  g roups, h as  in u n d a te d  u s  w ith  
new  m a te r ia l  w hich  in  several o f th e  la rg e r  d e p a r t
m en ts  i t  w ill ta k e  years  o f th e  la b o u r  o f  spec ia lists  
to  w ork  u p . W h ile  re fe rr in g  very  b riefly  to  th o se  
o rders w h ich  i t  h a s  b een  fo u n d  im possib le  a s  y e t to  
o vertake , I  w ill e n te r  a  l i t t l e  m ore  fu lly  in to  th e  
h is to ry  o f  c e r ta in  re s tr ic te d  g ro u p s  w h ich  m ore  p a r 
tic u la r ly  i l lu s tra te  th e  cond itions o f  th e  ab y ssa l 
reg io n , an d  th e  re la tio n s  o f  i ts  spec ia l fa u n a  to  th e  
fa u n æ  o f  o th e r  zoological p rovinces, o r  to  th o se  o f 
e a rlie r  tim es. A n d  v e ry  p ro m in e n t am o n g  th ese  
specia l g ro u p s  w e find  th e  f irs t  an d  s im p le s t o f th e  in 
v e r te b ra te  sub -k ingdom s, th e  P ro tozoa , rep resen ted  
b y  th re e  o f  its  classes,— th e  m o n era , th e  rh izopoda , 
a n d  th e  sponges.

T h e  m o n era  h av e  b een  la te ly  defined  a s  a  distinct- 
c lass by P ro fesso r E rn s t  H a e c k e l,1 fo r a  v a s t assem 
b lage o f a lm o st form less beings, a p p a re n tly  abso
lu te ly  devoid o f  in te rn a l s tru c tu re , a n d  co n sis tin g  
s im p ly  o f  liv in g  an d  m ov ing  expansions o f  je lly -lik e  
p ro to p la s m ; a n d  a lth o u g h  th e  spec ia l c h a ra c te r  on  
w h ich  H a e c k e l sep a ra tes  th e m  fro m  th e  re m a in d e r of 
th e  p ro tozoa ,— th a t  th e y  a re  p ro p a g a ted  b y  no  form  
o f  sex u a l rep ro d u c tio n , b u t  s im p ly  by  sp o n tan eo u s 
d iv ision ,— m ay  p ro b ab ly  p rove decep tive  as o u r  k now 
ledge increases, s t i l l  th e i r  n u m b e r, th e i r  g en e ra l 
resem blance  to  one a n o th e r , p re se n tin g  obviously  
d iffe ren t an d  recogn izab le  k in d s  a lth o u g h  w ith  v e ry  
indefinab le  ch a rac te rs , an d  th e  im p o r ta n t  p a r t  w hich

1 Biologische S tud ien . V o n  D r. E rn s t  Ifacchel, P rofessor an der 
U n iv e rs itä t Jen a . Leipzig, 1870.
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th e y  p lay  in  th e  econom y of n a tu re , w ou ld  seem  to  
e n ti t le  th e m  to  a  sy s tem a tic  p o sitio n  o f m ore th a n  
o rd in a l value. T h e  G erm an  n a tu ra lis ts  o f  th e  new  
school, in  th e i r  e n th u s ia s tic  ad o p tio n  o f  th e  D a r
w in ian  th e o ry  o f  ev o lu tio n , n a tu ra lly  w elcom e in  
th ese  c m o n e rs 9 th e  essen tia l a t t r ib u te  o f  th e  c U r 
sch le im ,’ a n  in fin ite  cap ac ity  fo r im p ro v em en t in  
every  conceivab le  d irec tio n  ; an d  to  m ore  p ro sa ic  
p h y sio lo g is ts  th e y  a re  o f  th e  deepest in te re s t, as 
p re se n tin g  th e  essen tia l phenom ena o f  life, n u t r i 
t io n  an d  ir r i ta b il i ty ,  ex is tin g  ap p a ren tly  s im p ly  as 
th e  p ro p e rtie s  o f  a  hom ogeneous chem ical com pound, 
and  in d ep en d e n t o f o rgan iza tion .

T h e  m o n e ra  pass  in to  th e  rh izopoda, w h ich  give 
a s l ig h t in d ic a tio n  o f  advance, in  th e  defin ite  fo rm  
of th e  g racefu l ca lcareous sh e ll-lik e  s tru c tu re s  w hich  
m o st o f  th e m  secre te , an d  th e  tw o  g ro u p s  m ay  be 
ta k e n  toge th er.

T h e  d red g in g  a t  2,435 fa th o m s a t th e  m o u th  o f 
th e  B ay  o f  B iscay  g av e  a  v e ry  fa ir  idea o f  th e  con
d itio n  o f  th e  b o tto m  o f  th e  sea over a n  enorm ous 
area , as w e k n o w  from  m an y  observa tions w hich  
h av e  no w  b een  m ade, w ith  th e  v ario u s sound ing  
in s tru m e n ts  co n trived  to  b r in g  u p  a  sam ple  o f  th e  
b o tto m . O n th a t  occasion th e  d redge  b ro u g h t u p  
a b o u t 1^ cw t. o f  ca lcareous m u d . T h ere  cou ld  be 
l i t t le  d o u b t, from  th e  appearance  o f  th e  con ten ts  of 
th e  d redge, t h a t  th e  h eav y  d redge-fram e h a d  gone 
dow n w ith  a  p lu n g e , an d  p a r tly  b u rie d  i ts e lf  in  
th e  soft, y ie ld in g  b o tto m . T h e  th ro a t  o f th e  dredge 
th u s  becam e p a r tly  choked, an d  th e  free en tran ce  
o f th e  o rg an ism s on  th e  sea-floor h ad  been  th u s  
p reven ted . T h e  m a tte r  co n ta in ed  in  th e  d redge con
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sisted  m ain ly  o f a  co m p ac t ‘ m o r ta r /  o f  a  bluish 
colour, passing  in to  a  th in — ev id en tly  superfic ia l—  
lay er, m uch  so fter an d  m ore  cream y  in  consistence, 
an d  o f a  yellow ish colour. U n d e r  th e  m icroscope th e  
surface-layer w as fo u n d  to  consist chiefly  o f  en tire  
shells  o f  G lobigerina bulloides  (F ig . 2, p. 22), la rg e  
an d  sm all, and  frag m en ts  o f  su ch  sh e lls  m ixed 
w ith  a  q u a n tity  o f  am orphous ca lcareous m a tte r  in  
fine partic les , a  l i t t le  fine san d , a n d  m an y  spicules, 
po rtio n s o f  sp icules, a n d  shells  o f  R ad io la ria , a  few 
spicules o f  sponges, an d  a  few  fru s tu le s  o f  d iatom s. 
B elow  th e  su rface-layer th e  sed im en t becom es 
g ra d u a lly  m ore  com pac t, an d  a  s lig h t g rey  colour, 
due  p ro b ab ly  to  th e  decom posing  o rg an ic  m a tte r , 
becom es m ore p ronounced , w h ile  p e rfec t shells o f 
g lob igerina  a lm o st en tire ly  d isappear, frag m en ts  b e
com e sm alle r, a n d  ca lcareous m u d , s tru c tu re le s s  an d  in  
a  fine s ta te  o f d iv ision , is  in  g re a tly  p re p o n d era tin g  
p ro p o rtio n . O n e  c a n  h av e  no  d o u b t, o n  ex am in in g  
th is  sed im en t, th a t  i t  is  fo rm ed  in  th e  m a in  b y  th e  
accu m u la tio n  an d  d is in te g ra tio n  o f  th e  shells  of 
g lo b ig e rin a -^ th e  shells  fresh , w ho le , a n d  liv in g  in  
th e  surface-layer o f  th e  deposit, an d  in  th e  low er 
lay e rs  dead, an d  g ra d u a lly  c ru m b lin g  dow n b y  th e  
decom position  o f th e ir  o rgan ic  cem en t, a n d  by  th e  
p re ssu re  o f  th e  lay e rs  above— a n  a n im a l fo rm ation  
in  fac t be ing  form ed very  m u ch  in  th e  sam e w ay  as in  
th e  accum ulation , o f  vege tab le  m a tte r  in  a  p e a t  bog, 
by  life  an d  g ro w th  above, an d  d ea th , re ta rd e d  de
com position , an d  com pression  beneath .

I n  th is  d redg ing , as in  m o s t o th e rs  in  th e  bed 
o f  th e  A tla n tic , th e re  w as ev idence o f a  considerab le  
q u a n tity  o f  soft g e la tin o u s  o rg an ic  m a tte r , enough
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to  g ive a  s l ig h t  v iscosity  to  th e  m u d  o f  th e  surface 
layer. I f  th e  m u d  b e  sh ak en  w ith  w eak sp ir it  o f 
w ine, fine flake9 se p a ra te  lik e  coagu la ted  m u c u s ; 
an d  i f  a  l i t t le  o f th e  m u d  in  w h ich  th is  v iscid  con
d itio n  is m o s t m ark e d  he p laced  in  a  drop o f sea
w a te r  u u d e r  th e  m icroscope, w e can  u su a lly  see, 
a f te r  a  tim e , a n  ir re g u la r  ne tw o rk  o f  m a tte r  resem 
b lin g  w h ite  o f  egg, d is tin g u ish ab le  by  i ts  m a in ta in in g  
i ts  o u tlin e  an d  n o t  m ix in g  w ith  th e  w a te r. T his 
n e tw o rk  m ay  be seen  g ra d u a lly  a lte r in g  in  form , and 
e n ta n g le d  g ran u le s  a n d  fo re ig n  bodies change th e ir  
re la tiv e  positions. T h e  g e la tin o u s  m a tte r  is  therefo re  
capab le  o f  a  c e r ta in  a m o u n t o f  m ovem ent, an d  th e re  
can  be no  d o u b t th a t  i t  m an ifests  th e  phenom ena  o f 
a  very  sim ple  fo rm  o f  life.

T o th is  o rgan ism , i f  a  b e in g  can  be so called  w hich 
show s n o  tra c e  o f  d iffe ren tia tion  o f  o rgans, consist
in g  a p p a re n tly  o f  a n  am orphous sh ee t o f  a  p ro te in  
com pound, ir r i ta b le  to  a  low  degree an d  capab le o f 
a ss im ila tin g  food, P ro fesso r H u x le y  h a s  g iven  th e  
n am e o f  B a th yb iu s  haeckelii (P ig . 63). I f  th is  h av e  a  
c la im  to  he recognized  as a  d is tin c t liv in g  en tity , ex
h ib itin g  i ts  m a tu re  an d  final form , i t  m u s t  b e  referred  
to  th e  s im p les t d iv ision  o f  th e  shell-less rh izopoda, or 
i f  w e ad o p t th e  class proposed  b y  P rofessor H aeckel, 
to  th e  m onera . T h e  c ircu m stan ce  w h ich  gives its  
specia l in te re s t  to  B a th y b iu s  is  its  enorm ous e x te n t : 
w h e th e r i t  b e  co n tin u o u s  in  one  v a s t sheet, o r broken  
u p  in to  c ircum scribed  in d iv id u a l partic les , i t  appears 
to  ex ten d  over a  la rg e  p a r t  o f  th e  bed o f  th e  ocean ; 
and  as n o  liv in g  th in g , how ever slow ly  i t  m ay  live, 
is  ever p erfec tly  a t  re s t, b u t  is  co n tin u a lly  ac tin g  and  
re ac tin g  w ith  its  su rro u n d in g s , th e  b o tto m  o f  th e
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sea becom es like  th e  su rface  o f th e  sea  a u d  o f th e  
la n d ,— a  th e a tre  o f change , p e rfo rm in g  i ts  p a r t  in  
m a in ta in in g  th e  ‘ ba lance  o f  o rg an ic  n a tu re .’

P in . A3.—•* Eino gro88oro Cytode von Datliyblu* m it  elngnbettotun Coccollthen. Dos Proto- 
jilamna. welches viole DlscoliUien und Cyatholithon en th ä lt, b ildu t oln NoUwerk m it broiton 
Strongon.» (x .7 0 0 .)i

1 Biologische S tud ien . V o n  D r. E rn s t  H aeckel, P rofessor a n  der 
U n iversitä t Jen a . Leipzig, 1870.
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E n ta n g le d  an d  b o rn e  a long  in  th e  viscid  stream s 
o f  B a th y b iu s , w e so c o n s ta n tly  find  a  m u lti tu d e  o f 
m in u te  ca lcareous bodies o f a  p ecu lia r shape, th a t  
th e  tw o  w ere fo r lo n g  supposed to  h av e  some 
m u tu a l re la tio n  to  one an o th er. T hese sm all bodies, 
w h ich  h av e  b een  carefu lly  s tu d ied  b y  H u x ley ,1 
Sorby,2 H aeck e l,8 C a rte r ,4 G üm bel,5 an d  o thers, are 
in  shape  som ew hat lik e  oval sh irt-s tu d s . T here  is 
firs t a  l i t t le  oval d isk  a b o u t 0 #01 m m . in  len g th , w ith  
a n  oblong  ru d e ly  face tted  e leva tion  in  th e  cen tre , 
an d  ro u n d  th a t ,  in  fre sh  specim ens, w h a t seem s to  be 
a  k in d  o f  fr il l  o f o rg an ic  m a tte r , th e n  a  sh o rt neck, 
an d  la s tly  a  second sm a lle r  fla t d isk , l ik e  th e  disk 
a t  th e  b ack  o f a  s tu d . To th ese  bodies, w hich  a re  
m et w ith  in  a ll s tag es  o f developm ent, P rofessor 
H u x le y  h as  g iven  th e  n am e o f  c coccoliths.’ Som e
tim es th ey  a re  fo u n d  agg reg a ted  on  th e  surface o f 
sm all tra n s p a re n t m em b ran o u s ba lls , an d  these  
w h ich  seem ed a t  f irs t to  h av e  som eth ing  to  do w ith  
th e  p ro d u c tio n  o f  th e  4 co cco lith s9 D r. W a llich  has 
called  ‘ coccospheres1 (E ig . 64). P rofessor E rn s t  
H aeck e l h as  la te ly  described  a  v e ry  e leg a n t o rg an 
ism  belong ing  to  th e  ra d io la r ia  an d  ap p a ren tly  
a llied  to  Thalassicolla ,— M yxobrach ia  rhopalum ,— an d  
a t  th e  ends o f som e cu rio u s d iv erg in g  appendages 
o f th is  c rea tu re  h e  h as  d e tec ted  accu m u la tio n s of 
bodies closely resem b ling , i f  n o t id en tica l w ith , th e  
coccoliths an d  coccospheres o f  th e  sea-bottom . These

1 Q uarterly  Jo u rn a l o f M icroscopical Science, 1868, p. 203.
3 Proceedings o f  th e  Sheffield L iterary  an d  Philosophical Society,

O ctober I8 6 0 . 3 O p. cit.
4 A nn. and  Mag. N at. H is t. 1871, p. 184.
5 Jah rb u ch  M ünch. 1870, p. 753.
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bodies seem  to  h av e  been  ta k e n  in  to  th e  M yxo
brachia  as  food, th e  h a rd  p a r ts  a c c u m u la tin g  in  
cavities in  th e  a n im a l’s body  a f te r  a l l  th e  ava ilab le  
n o u rish m en t h ad  been  absorbed . I t  is  undo u b ted  
th a t  a  la rg e  n u m b er o f  th e  o rgan ism s w hose skele
to n s  a re  m ixed  w ith  th e  ooze o f  th e  b o tto m -o f  th e  
sea live  on  th e  surface, th e  d e lica te  silic ious o r cal
careous sh ie lds o r sp ines fa llin g  g ra d u a lly  th ro u g h

Fio . <M.—‘ Coccosphuro.’ (x. 1000.)

th e  w ate r an d  fina lly  reach in g  th e  b o tto m , w h a t
ev er b e  th e  dep th . I  th in k  th a t  now  th e  b a lan c e  o f 
op in ion  is in  fav o u r o f th e  view  th a t  th e  coccoliths 
a re  jo in ts  o f a  m in u te  u n ic e llu la r  a lg a  liv in g  on  th e  
sea-surfaee an d  s in k in g  dow n an d  m ix in g  w ith  th e  
sarcode o f  B athyb ius, very  p robab ly  ta k e n  in to  i t  w ith  
a  purpose, fo r th e  sake  o f  th e  v eg e tab le  m a tte r  
♦hey m ay  co n ta in , an d  w hich  m ay  afford food fo r 
th e  an im al je lly . W h a t th e  coccospheres a re , and
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w lia t re la tio n , i f  a n y , th e y  h av e  to  th e  coccoliths, 
we do n o t  know .

L iv in g  u p o n  a n d  am o n g  th is  B a th yb iu s , w e find  
a  m u lti tu d e  o f  o th e r  p ro tozoa ,— foram in ife ra  and  
o th e r  rh izopoda, rad io la rian s , and  sponges; an d  we 
as y e t  k n o w  very  l i t t le  o f  th e  life -h isto ry  o f  these  
g roups. T h e re  c a n  b e  no  d o u b t t h a t  w h en  th e ir  
deve lopm en t h a s  b een  fu lly  tra c ed  m an y  o f  th em  
w ill b e  fo u n d  to  b e  di- o r  po ly-m orphic, a n d  th a t  
w h en  w e a re  a c q u a in te d  w ith  th e ir  m ode  o f  m u lt i 
p lic a tio n  w e sh a ll  m eet w ith  m an y  cases o f  pleo- 
m o rp h ism  an d  w ide differences betw een  th e  o rgans 
an d  p ro d u c ts  invo lved  in  p ro p a g a tio n  a n d  in  re p ro 
duction . I  feei b y  no  m eans satisfied  t h a t  B athyb ia*  
is  th e  p e rm a n e n t fo rm  o f  an y  d is tin c t l iv in g  being. 
I t  h a s  seem ed to  m e  th a t  d iffe ren t sam ples h av e  been  
d iffe ren t in  ap p earan ce  a n d  consistence ; an d  a lth o u g h  
th e re  is n o th in g  a t  a l l  im p ro b ab le  in  th e  ab undance  
o f  a  v e ry  sim ple  shell-less  ‘ m o n e r’ a t  th e  bo ttom  
o f  th e  sea, I  th in k  i t  n o t im possib le  th a t  a  g re a t 
deal o f  th e  ‘ b a th y b iu s ,’ th a t  is  to  say  th e  diffused 
form less p ro to p lasm  w h ich  w e find  a t  g re a t dep ths, 
m a y  b e  a  k in d  o f  m ycelium — a  form less condition  
connected  e ith e r  w ith  th e  g ro w th  an d  m u ltip lica tio n  
o r  w ith  th e  decay— o f m an y  d iffe ren t th in g s .

M an y  fo ram in ife ra  o f  d iffe ren t g ro u p s  in h a b it 
th e  deep w ate r, ly in g  u p o n  o r m ix ed  in  th e  u p p er 
la y e r  o f th e  g lo b ig e rin a  ooze, o r fixed to  som e foreign  
body, su ch  as a  sponge, co ral, o r s to n e ; and  a ll o f 
th e se  a re  re m a rk ab le  fo r th e ir  la rg e  size. I n  th e  
‘w arm  a re a ,’ and  w herever th e  b o tto m  is covered w ith  
ooze, ca lcareous fo rm s p red o m in a te , an d  la rg e  sandy  
c ris te lla rian s , w ith  th e ir  san d -g ra in s  bound  to g e th e r
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by  ca lcareous cem ent, so th a t  th e  san d -g ra in s  show 
o u t, d a rk  an d  conspicuous, sca tte red  on  th e  su rface 
o f  th e  w h ite  shell. M ilio lines a re  a b u n d a n t, and  
th e  specim ens o f C ornuspira  an d  B ilo cu lin a  are  
g re a tly  la rg e r  th a n  a n y th in g  w hich  h as  b een  h ith e rto  
m e t w ith  in  tem p e ra te  reg ions, reca llin g  th e  . tro p ica l 
fo rm s w h ich  ab o u n d  am o n g  th e  Pacific  Is lands.

I n  th e  cold area , an d  in  th e  p a th s  o f  co ld  cu rren ts , 
fo ram in ife ra  w ith  san d y  te s ts  a re  m ore  n u m ero u s  ; 
som e o f those  o f  th e  gen era  A stro rh iza , L itu o la , 
a n d  B o te llin a  a re  g ig a n tic —la rg e  exam ples 30 m m . 
lo n g  by  8 m m . in  d iam eter.
. T h e  few h a u ls  o f  th e  d redge  w h ich  w e h av e  a lready  
h ad  in  deep w a te r h av e  b een  en o u g h  to  teach  us th a t  
o u r know ledge o f  sponges is  in  its  in fan cy ,— th a t  those  
w h ich  w e h av e  collected  fro m  shallow  w a te r  along  
o u r  shores, a n d  even  th o se  few  w h ich  h av e  been  
b ro u g h t u p  from  deep w a te r o n  fish in g  lines, and  
h av e  su rp rised  u s  b y  th e  b e a u ty  o f  th e ir  fo rm s and  
th e  delicacy o f  th e i r  lu s tre , a re  th e  m ere  m a rg in  an d  
re m n a n t o f a  w onderfu lly  d iversified sponge-fauna 
w h ich  appears to  ex ten d  in  endless v a rie ty  over th e  
w hole o f  th e  b o tto m  of th e  sea. I  c an n o t a tte m p t 
here  m ore  th a n  a  m ere  o u tlin e  o f  th e  g en era l ch a 
ra c te r  o f  th e  ad d itio n s  w h ich  have been  m ade to  our 
know ledge o f th is  g roup . T h e  sponges o f th e  c P o r 
cupine* E x p ed itio n  a re  now  in  th e  h an d s  o f M r. 
H e n ry  C arte r, P .R .S ., fo r d e sc rip tio n ; an d  an  ex 
ce llen t sk e tch  o f th e  sponge-fauna o f  th e  deep A tla n 
tic , b r in g in g  in fo rm ation  o n  c e r ta in  g ro u p s  u p  to  a  
la te  date , h as  b een  pu b lish ed  b y  th e  b es t a u th o r ity  
w e h av e  on  sponges, P rofessor O scar S ch m id t o f 
G ratz.
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A s I  h av e  a lre ad y  sa id , th e  m ost re m a rk ab le  new  
fo rm s a re  re ferab le  to  th e  g ro u p  w h ich  seem s to  be, 
in  a  sense  specia l to  deep w ate r, th e  H exactinellidae. 
I  hav e  a lread y  (p. 70) b riefly  described  one o f  th e  
m ost a b u n d a n t an d  s in g u la r  fo rm s b e lo n g in g  to  th is  
o rder, H o lten ia  ca rp e n te r i;  an d  a l l  th e  o thers, 
th o u g h  ru n n in g  th ro u g h  m o st rem ark ab le  v aria tions 
in  fo rm  an d  g e n e ra l appearance , ag ree  w ith  H olten ia  
in  e ssen tia l s tru c tu re . I n  th e  H exactinellidae a ll th e  
sp icules, so fa r  as 'w e know , a re  fo rm ed  on  th e  hex- 
ra d ia te  p la n ;  t h a t  is  to  say, th e re  is  a  p r im a ry  axis, 
w h ich  m ay  b e  lo n g  o r sh o rt, a n d  a t  one p o in t fo u r 
secondary  ra y s  cross th is  c e n tra l  sh a ft a t  r ig h t  angles. 
V ery  o ften  o n e-h a lf o f th e  c e n tra l sh a ft is  ab sen t o r 
is  rep resen ted  b y  a  s l ig h t ro u n d ed  boss, an d  in  th a t  
case w e hav e  a  sp icu le  w ith  a  cross-shaped head , a 
very  fav o u rite  fo rm  in  th e  m a n u fa c tu re , defence, an d  
o rn a m e n t o f th e  su rface  la y e r o f th e se  sponges ; and  
often  th e  secondary  ra y s  a re  u n d ev e lo p ed : b u t  i f  
t h a t  b e  so ,— as in  th e  long  fibres o f  th e  w hisp  
o f  H ya lonem a ,— in  y o u n g  sp icu les a n d  in  o thers 
w h ich  a re  s lig h tly  ab n o rm a l, fo u r  l i t t le  e levations 
n e a r  th e  m id d le  o f th e  sp icu le , w h ich  co n ta in  four 
secondary  b ra n c h e s  o f  th e  c e n tra l can a l, m a in ta in  th e  
p erm an en ce  o f  th e  ty p e . I n  m a n y  o f  th e  H exac- 
tin e llid æ  th e  sp icu les a re  a ll d is tin c t, a n d  com bined, 
as in  H o lten ia , b y  a  sm a ll q u a n ti ty  o f  n e a rly  t r a n s 
p a re n t  sa rc o d e ; b u t  in  o th e rs , as in  ‘ V en u s’s flower- 
b a sk e t,’ a n d  th e  n e a rly  eq u a lly  b e a u tifu l genera  
Ip h iteo n , A phroca llis tes , an d  F arrea , th e  sp icules 
r u n  to g e th e r  an d  m ak e  a  co n tin u o u s  s ilic ious n e t
w ork . W h e n  th is  is  th e  case th e  sponge m ay  be 
boiled  in  n i t r ic  acid , an d  a l l  th e  o rgan ic  m a tte r  and
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o th e r  im p u ritie s  th u s  rem oved, w hen th e  skeleton  
com es o u t a  lovely lacy s tru c tu re  o f  th e  c lea rest 
glass. T h e  six -rayed  fo rm  o f  th e  sp icules g ives th e  
n e tw o rk  w h ich  is th e  re su lt  o f  th e i r  fu sio n  g re a t 
flex ib ility  o f design , w ith  a  c h a rac te r is tic  tendency , 
how ever, to  sq u are  m eshes.

O n th e  3 0 th  o f A u g u s t, 1870, M r. G w yn  Jeffreys 
dredged in  651 fa th o m s in  th e  A tla n tic  off th e  m o u th  
o f th e  S tra i t  o f  G ib ra lta r  a n  ex q u is ite  sponge, 
resem b ling  H olten ia  in  its  genera l appearance, b u t 
differing from  i t  in  th e  s in g u la r  and  b e a u tifu l ch a 
ra c te r  o f  h av in g  a  de lica te  o u te r  veil a b o u t a  cen ti
m e tre  from  th e  surface o f th e  sponge, form ed b y  th e  
in te rlac in g  o f  th e  fo u r secondary  ray s  o f  la rg e  five- 
rayed  spicules, w h ich  send th e ir  long  sh afts  from  th a t  
p o in t v e rtica lly  in to  th e  sponge body (F ig . 65). T he 
surface o f  th e  sponge is  form ed o f  a  ne tw o rk  o f large  
five-radiate sp icules, a rran g ed  very  m u ch  as in  H o l
ten ia  ; b u t  th e  sp icu les o f  th e  sarcode— th e  sm all 
spicules w h ich  a re  im bedded in  th e  liv in g  sponge-jelly  
— are  o f  a  to ta lly  d ifferen t form . A  sing le  la rg e  
‘ o sc u lu m ’ opens, as in  H olten ia , a t  th e  top  o f  th e  
sponge, b u t in s tead  o f  fo rm in g  a  cup  un ifo rm ly  
lin ed  w ith  a  n e tte d  m em brane, th e  oscu lar cav ity  
divides a t  th e  b o tto m  in to  a  n u m b er o f b ran ch in g  
passages as in  P heronem a <mnœy described by  D r. 
Leidy. I  w as inc lined  a t  firs t to  p lace  th is  species 
in  th e  g en u s P heronem a , b u t D r. L eidy’s descrip 
tio n  an d  figure a re  by  no  m eans satisfacto ry , an d  
m ay re fer to  some o th e r  form  o f  th e  H olten ia  group. 
T h e  spicules o f  th e  ‘ beard  ’ are m ore rig id  an d  th ick e r 
th a n  those o f H olten ia , and  sca ttered  am ong them  
are  som e very  large four-barbed  g rap p lin g  hooks.
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Kio. O b.-B o ssc llti r t la la ,  W w i l l *  T hom sox . N a tu ra l size. (No. 32, 1S70. )
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Off th e  B u t t  o f th e  L ew s, in  w a te r o f  450 to  500 
fa thom s, w e m e t on  tw o  occasions w ith  fu ll-g row n 
specim ens o f  a  species o f th e  re m a rk ab le  genus 
H yalonem a  (F ig . 6 6 ), w ith  th e  coils in  th e  la rg e r 
exam ples u p w ard s o f  40 cen tim etre s  in  len g th . 
H yalonem a  is  ce rta in ly  a  v e ry  s tr ik in g  o b je c t;  and  
a lth o u g h  o u r  specim ens belong  a p p a re n tly  to  th e  
sam e species, H . lusitan icum , w hich  h as  a lread y  been 
recorded  b y  P ro fesso r B arboza d u  B ocage from  th e  
coast o f  P o rtu g a l, it  is  one o f th e  m o st in te re s tin g  
add itions m ade to  th e  B ritish  fa u n a  d u rin g  o u r 
cruise.

A  b u n d le  o f  fro m  200 to  300 th re a d s  o f  t ra n s 
p a re n t silica, g lis te n in g  w ith  a  silky  lu s tre , lik e  th e  
m ost b r i l l ia n t  spun-g lass,— each th re a d  from  30 to  40 
cen tim etre s  long , in  th e  m id d le  th e  th ick n ess  o f a 
k n i t t in g  needle, an d  g ra d u a lly  ta p e r in g  tow ards e ith e r  
end  to  a  fine p o in t ; th e  w hole b u n d le  co iled  lik e  a 
s tra n d  o f  ro p e  in to  a  len g th e n e d  sp ira l, th e  th rea d s  of 
th e  m id d le  an d  u p p er po rtio n s re m a in in g  com pactly  
co iled  by  a  p e rm a n e n t tw is t o f  th e  in d iv id u a l th rea d s  ; 
th e  low er p a r t  o f th e  coil, w h ich , w h en  th e  sponge is 
liv in g , is  im bedded  in  th e  m ud , frayed  o u t so t h a t  th e  
g lassy  th re a d s  s ta n d  sep ara te  fro m  one an o th e r , like  
th e  b ris tle s  o f  a  g li t te r in g  b ru sh  ; th e  u p p e r  p o rtio n  
o f  th e  coil close an d  com pact, im bedded  p e rp en 
d ic u la rly  in  a  con ical o r cy lin d rica l sp o n g e ; and  
u su a lly  p a r t  o f  th e  u p p e r  p o rtio n  o f  th e  silicious 
coil, a n d  p a r t  o f  th e  sponge - substan ce , covered 
w ith  a  b row nish  lea th e ry  co a tin g , w hose surface is 
s tu d d ed  w ith  th e  po lyps o f  a n  a lcy o n a rian  zoophy te  : 
— such  is  th e  g en era l effect o f  a  com p le te  specim en 
o f  H yalonem a.



K iü . 'iii. — liunUntma tuxUunñ'um, B a h p o z a  n r  B o « -a o f . TTalf l l i c  natural atze. (N o .  9 0 . ISCü
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T h e  genus w as firs t know n in  E u ro p e  by specim ens 
b ro u g h t from  Ja p a n  by  th e  ce leb ra ted  n a tu ra lis t  and  
trav e lle r , Y o n  S iebo ld ; a n d  Jap an ese  exam ples of 
H yalonem a sieboldi, G r a y , m ay  now  be fo u n d  m ore 
o r  less perfect in  m ost o f th e  E u ro p ean  m useum s. 
W hen  th e  firs t specim en o f H ya lonem a  w as b ro u g h t 
hom e, th e  o th e r v itreo u s sponges w h ich  app roach  i t  
so closely in  a ll essen tia l p o in ts  o f  s tru c tu re  w ere 
unknow n , a n d  th e  h is to ry  o f op in ion  as to  its  re la 
tions is  curious.

T he be ing  consisted  o f th re e  very  d is tin c t p a r ts  : 
firs t, an d  g re a tly  th e  m ost re m a rk ab le , th e  coil 
o f silicious needles ; th e n  th e  sponge, a n d  fo r long  
i t  was supposed th a t  th is  w as th e  base  o f  th e  s tru c 
tu re ,— from  w h ich  th e  glossy b ru sh  p ro jec ted , spread
in g  o u t above i t  in  th e  w ater ; a n d  th ird ly , th e  
ap p a ren tly  c o n s tan t en c ru s tin g  zoophyte.

T h is com plica ted  association  su ggested  m a n y  pos
sib ilities. W as  H yalonem a  a  n a tu ra l  p ro d u c tio n  a t  
a ll ? W a s  i t  com plete ? W ere  a ll th e  th re e  p a r ts  
essen tia lly  connected  to g e th e r ? A n d  if  no t, w ere a ll 
th e  th re e  in dependen t, o r  d id  tw o  o f  th re e  p a r ts  
b e lo n g  to  th e  sam e th in g  ? an d  i f  so, w h ich  tw o  ?

H ya lonem a  w as firs t described  a n d  nam ed  in  
1835 b y  D r. J o h n  E d w ard  G ray , w ho lias since, 
in  one o r  tw o  no tices in  th e  ‘ A n n a ls  o f N a tu ra l  
H is to r y ’ a n d  elsew here, v igorously  defended th e  
essen tia l p a r t  o f  h is  o rig in a l position . D r. G ray  
associated  th e  silic ious w hisp  w ith  th e  zoophyte, 
an d  reg ard ed  th e  sponge as a  sep a ra te  o rgan ism . 
H e  looked  u p o n  th e  silic ious coil as th e  re p re se n ta 
tiv e  o f  th e  h o rn y  ax is  o f  th e  sea-fans ( Gorgonia!), 
and  th e  lea th e r-lik e  co a t h e  reg a rd ed  as i ts  fleshy
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r in d . H e  supposed  t h a t  betw een  th is  zoophyte and 
th e  sponge a t  i t s  base, th e re  subsisted  a  re la tio n  o f 
g u e s t a n d  h o s t, th e  zoophy te  be ing  co n stan tly  asso
c ia ted  w ith  th e  sp onge  ; a n d  in  accordance w ith  th is  
view  h e  p roposed  fo r th e  recep tio n  o f th e  zoophyte 
a  new  g ro u p  o f  a lcy o n a rian s  u n d e r  th e  n am e of 
‘S pong ico læ ,’ as d is tin g u ish e d  fro m  th e  ‘S ab u lico læ ’ 
(P e n n a tu la )  a n d  th e  ‘ E u p ic o læ ’ (G orgonia).

D r. G ra y ’s v iew  seem ed in  m an y  respects  a  n a tu ra l  
one, a n d  i t  w as ad o p ted  in  th e  m a in  b y  D r. B ran d t 
o f  S t. P e te rs b u rg , w ho in  1859 p u b lish ed  a  lo n g  
m em oir, d e sc rib in g  a  n u m b e r o f  specim ens b ro u g h t 
fro m  J a p a n  to  R u ssia . D r. B ra n d t re fe rred  w h a t he 
be lieved  to  b e  a  zoophy te  consisting  o f th e  co il and  

■ th e  c ru s t, to  a  sp ec ia l g ro u p  o f sclerohasic zoan th - 
ca rian s  w ith  a  silic ious axis.

O ne co n s id e ra tio n  m ili ta te d  s tro n g ly  a g a in s t th is  
h y p o th es is  o f  D r . G ra y  an d  P ro fesso r B ra n d t. N o 
k n o w n  zo o p h y te  h a d  a  p u re ly  silic ious a x is ;  and  
su ch  a n  a x is  m ad e  u p  o f  loose sep ara te  spicules 
seem ed s tra n g e ly  in c o n s is te n t w ith  th e  h a rm o n y  of 
th e  class. O n  th e  o th e r  h a n d , silic ious sp icu les of 
a l l  fo rm s a n d  sizes w ere  conceivab le in  sponges ; 
a n d  in  1857 P ro fe sso r M iln e-E d w ard s, on  th e  
a u th o r i ty  o f  V a len c ien n es, w ho  w as th o ro u g h ly  
v ersed  in  th e  s t ru c tu re  o f  th e  G orgonia, com bined 
th e  sp onge  w ith  th e  s ilic ious ro p e , an d  deg raded  th e  
zoophy te  to  th e  r a n k  o f  a n  e n c ru s tin g  p a ras ite .

A n y th in g  v e ry  s tra n g e  com ing  from  J a p a n  is to 
h e  re g a rd e d  w ith  som e d is tru s t .  T h e  Jap an ese  are  
w o n d erfu lly  in g en io u s , a n d  one  fav o u rite  a im  of 
th e i r  m isd irec ted  in d u s try  is  th e  fab rica tio n  o f  im 
possib le  m o n s te rs  by  th e  cu rio u s  com bination  o f th e
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p a r ts  o f different anim als. I t  was therefore qu ite  
possible th a t  th e  whole th in g  m ig h t be an  im posi
tio n  : th a t  som e beau tifu l spicules separated  from  
an  unknow n organism  had been tw isted  in to  a  whisp 
by th e  Japanese , and th en  m an ipu la ted  so as to 
have th e ir  fibres n a tu ra lly  bound to g e th er by  th e  
sponges and  zoophytes w hich are doubtless rapid ly  
developed in  th e  M ongolian rock-pools. E hrenberg , 
w hen h e  exam ined H yalonem a , took  th is  view. H e  
a t  once recognized th e  silicious s trands as th e  spicules 
o f  a  sponge q u ite  independent o f th e  zoophyte w ith  
w hich th ey  w ere encrusted  ; b u t  h e  suggested  th a t  
these m ig h t have been artific ially  com bined in to  th e  
sp ira l coil an d  p laced  u n d er a rtific ia l circum stances 
favourab le to  th e  g row th  o f  a  sponge o f a  different 
species ro u n d  th e ir  base. T he condition  in  w hich 
m any  specim ens reach  E u rope  is ce rta in ly  calcu la ted  
to  th ro w  som e doub t on th e ir  genuineness. I t  seems 
th a t  th e  bundles o f  spicules m ade u p  in  various 
w ays, are  la rge ly  sold as o rnam en ts  in  C h ina  and  
Jap a n . T he coils o f spicules a re  o ften  s tu c k  u p rig h t 
w ith  th e ir  upper ends in  c ircu la r holes in  stones. 
M r. H u x le y  exh ib ited  a  few  years ago a t  th e  
L innæ an  Society a  b eau tifu l specim en o f  th is  k in d  
now  in  che B ritish  M u se u m :— a stone h as  been 
bored, p robab ly  by  a  colony o f b o rin g  m olluscs, and  
a  w hole colony o f H yalonem asy o ld  an d  young, are 
ap p a ren tly  g row ing  o u t o f  th e  burrow s, th e  la rg e r 
ind iv idua ls m ore th a n  a  foo t in  len g th , an d  th e  
yo u n g  ones dow n to  a n  in ch  o r so, lik e  t in y  c a m e lV  
h a ir  pencils. A ll these a re  en c ru sted  by  th e  u su a l 
zoophyte, w hich  also  ex tends h ere  an d  th e re  over 
th e  stone (glued on p robab ly ), b u t th e re  is  no  trace
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o f  th e  sponge. S u ch  a n  association  is undoub ted ly  
a rtific ia l.

D r. B ow erbank , a n o th e r g re a t sponge a u th o r ity , 
tak es  y e t a n o th e r  view. H e  m a in ta in s  “ th a t  th e  
silic ious ax is , its  envelopm ent, an d  th e  b asa l sponge 
a re  a ll p a r ts  o f th e  sam e a n im a l."  T h e  polyps 
he reg a rd s  as * o scu la ,’ fo rm in g  w ith  th e  coil a 
* co lu m n ar cloacal sy s tem .’

P ro fesso r M ax  Schultze, o f  B onn , exam ined  w ith  
g re a t care  several p e rfec t and  im perfect specim ens o f 
H ya lonem a  in  th e  M useum  of L eyden , an d  in  1860 
p u b lish ed  a n  e lab o ra te  descrip tion  o f  its  s tru c tu re . 
A ccord ing  to  Schultze, th e  con ica l sponge is th e  
body-m ass o f  H yalonem a , a  sponge allied  in  every 
respec t to  E up lec te lla  ;  an d  th e  siliceous coil is  an  
appendage o f th e  sponge form ed o f m odified spicules. 
T h e  zoophy te  is o f course a  d is tin c t an im al a ltoge ther, 
an d  i ts  on ly  connection  w ith  th e  sponge is one o f 
‘ com m ensalism .’ I t  ‘ c h u m s ’ w ith  th e  sponge fo r 
som e purpose o f i ts  ow n ,—certa in ly  g e ttin g  su p p o rt 
from  th e  coil, p robab ly  sh a rin g  th e  oxygen  and 
o rg an ic  m a tte rs  ca rried  in  b y  th e  c ilia ry  system  of 
tlie  sponge passages. T h is  s ty le  o f  association  is 
very  com m on. W e hav e  a n o th e r exam ple  o f th e  
sam e th in g  in  P a ly th o a  axinellae, S c h m i d t ,  a  con
s ta n t  ‘ com m ensal ’ w ith  A x in e l la  cinnam om ea  and  
A . verrucosa, tw o  A d ria tic  sponges.

I n  1864  P ro fesso r B arboza d u  B ocage, d irec to r 
o f  th e  M useum  o f  N a tu ra l  H is to ry  in  L isbon, com 
m u n ica ted  to  th e  Z oological Society  o f  L ondon  th e  
u n ex p ec ted  new s th a t  a  species o f  H yalonem a  had  
been  discovered off th e  coast o f  P o r tu g a l ; an d  in  1865 
he pub lished , in  th e  P roceed ings o f  th e  sam e Society,
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a n  ad d itio n a l n o te  on  th e  h a b i ta t  o f  H ya lonem a  lusi
tan icum . I t  ap p ears  t h a t  th e  fisherm en  o f  S e tu b a l 
f re q u e n tly  b r in g  u p  on  th e i r  lines, fro m  a  consider
ab le  d ep th , coils o f  silic ious th re a d s  closely resem 
b lin g  th o se  o f  th e  Ja p a n e se  species, w h ich  th e y  
even  su rp ass  in  size, som etim es a t ta in in g  a  le n g th  o f 
a b o u t 50 cen tim etres. T h e  fisherm en  seem  to  be very  
fam ilia r w ith  th em . T hey  ca ll th e m  ‘ sea-w h ips,’ 
b u t  w ith  th e  ch a rac te ris tic  su p e rs titio n  o f  th e i r  class 
th ey  re g a rd  a ll th e se  e x tra n eo u s  m a tte rs  as ‘ u n lu c k y ,' 
a n d  u su a lly  te a r  th em  in  pieces an d  th ro w  th e m  
in to  th e  w ate r. J u d g in g  fro m  som e specim ens in  
th e  B r it ish  M u seu m , an d  fro m  S enho r d u  B ocage’s 
figure , th e  ‘ g la ss -ro p e ' of th e  P o rtu g u e se  form  is 
n o t  so th ic k  as th a t  o f  H  sieboldi. T h ere  is  also  
som e s lig h t difference in  th e  scu lp tu re  o f  th e  long  
needles, b u t  th e  s tru c tu re  o f th e  sponge an d  th e  very  
ch a rac te ris tic  fo rm s o f th e  sm all sp icules a re  iden tica l 
in  th e  tw o . I  d o u b t i f  th e re  b e  m ore  th a n  v a rie ta l 
d is tin c tio n s  b e tw een  th e  tw o  form s ; and  i f  th a t  be 
so, i t  adds a n o th e r to  th e  l is t  o f species com m on to  
o u r  seas an d  th e  seas o f  J a p a n .

P e rh a p s  th e  m o st s in g u la r c ircum stance  connected  
w ith  th is  d iscussion  w as th a t  a l l  th is  tim e  w e h ad  
b een  look ing  a t  th e  sponge upside  dow n, an d  th a t  i t  
h a d  never occurred  to  anyone to  reverse i t .  "We had  
p robab ly  tak en  th is  n o tio n  from  th e  specim ens stuck  
in  stones, b ro u g h t fro m  Ja p a n , and th e  sponge ce r
ta in ly  looked v e ry  lik e  th e  base  o f th e  edifice. W h e n 
ever th e  sponges w ere d redged  on  th e  coasts o f  E u rope  
an d  com pared w ith  allied  th in g s , i t  becam e ev iden t 
th a t  th e  w hisp w as a n  o rg an  o f su p p o rt p assing  ou t 
o f  th e  low er p a r t  o f th e  sponge, an d  th a t  th e  flat,
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o r s lig h tly -cu p p ed  d isk , w ith  a  p ap illa  in  th e  cen tre  
rece iv in g  th e  u p p e r end  o f  th e  coi!, w ith  la rg e  o scu lar 
openings, an d  a  frin g e  o f  de lica te  ra d ia tin g  spicules 
ro u n d  th e  edge, w as th e  to p  o f  th e  sponge, sp read ing  
o u t p ro b ab ly  level w ith  th e  surface o f  th e  ooze.

I n  e ssen tia l s t ru c tu re  H ya lonem a  v e ry  closely re 
sem bles H o lten ia , a n d  th e  m ore  c h a rac te r is tic  form s 
o f  th e  H exactinellidae. T h e  su rface  o f  th e  sponge is 
su p p o rted  b y  a sq u are  n e tw o rk , fo rm ed  b y  th e  sym 
m e tr ic a l a rra n g e m e n t o f th e  fo u r  secondary  ra y s  o f  
five-rayed sp icu les, an d  th e  sarcode w h ich  b in d s these  
b ran ch es to g e th e r  is  fu ll o f  m in u te  fea th e red  five- 
ray ed  sp icu les, w h ich  p ro jec t fro m  th e  b ran ch es lik e  
a  d e lica te  fringe . T he oscu la  a re  chiefly o n  th e  u p p e r 
d isk , a n d  lead  in to  a  n u m b e r o f ir re g u la r  passages 
w h ich  trav e rse  th e  body  o f th e  sponge in  a ll d irec
tio n s . W h e n  w e tra c e  i ts  developm ent, th e  coil 
loses its  m y ste ry . O n  one  o f th e  H olten iœ  from  th e  
B u t t  o f th e  Lew s, th e re  w as a  l i t t le  accum ula tion  
o f g reen ish  g ra n u la r  m a tte r  am ong  th e  fibres. O n 
p la c in g  th is  u n d e r  th e  m icroscope i t  tu rn e d  o u t to  
be a  n u m b e r o f very  y o u n g  sponges, scarcely  o u t o f 
th e ir  g e rm  s ta te . T hey  w ere a ll a t  firs t s ig h t very  
m u ch  a like , m in u te  pear-shaped  bodies, w ith  a  long  
d e lica te  p en c il o f  s ilk y  sp icu les ta k in g  th e  p lace  o f 
th e  p e a r-s ta lk . O n closer ex am in a tio n , how ever, these 
l i t t le  germ s p roved  to  belong  to  d ifferen t species, 
each  show ing  u n m is ta k eab ly  th e  ch a rac te ris tic  form s 
o f  i ts  spec ia l sp icules. M ost o f  th em  w ere th e  you n g  
o f Tisiphonia , b u t  am o n g  th em  w ere several H olten iœ , 
a n d  one o r  tw o  w ere a t  once re ferred  to  H yalonem a . 
I n  tw o  o r th re e  h a u ls  in  th e  sam e loca lity  w e go t 
th em  in  every  su b seq u en t s tage— b eau tifu l l i t t le
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p ea r-sh ap ed  th in g s , a  ce n tim e tre  lo n g , w ith  a  sing le  
o scu lu m  a t  th e  top , an d  th e  w h isp  lik e  a  sm all 
b ru sh . A t  th is  s tag e  th e  P a ly th o a  is  u su a lly  ab sen t, 
b u t  T^hen th e  body o f  th e  sponge h as  a tta in e d  15 m m . 
o r so in  le n g th  v e ry  g en e ra lly  a  l i t t le  p in k  tu b e rc le  
m ay  be d e tec ted  a t  th e  p o in t o f  ju n c t io n  betw een  
th e  sponge body  an d  th e  coil, th e  g e rm  o f  th e  firs t 
po lyp .

H yalonem a lusitan icum , B a r b o z a  d u  B o c a g e , th e  
species m e t w ith  in  th e  B r it ish  seas an d  along  
th e  coast o f  w este rn  E u ro p e , ap p ears  to  be local, 
b u t  very  ab u n d a n t a t  th e  s ta tio n s  w here  i t  occurs. 
I  am  s t i l l  in  d o u b t w h e th e r w e a re  to  re g a rd  i t  
a s  id en tica l w ith  th e  Ja p a n e se  species, H . sieboldi, 
G r a y .

D u rin g  M r. G w yn  Je ffreys’ c ru ise  in  1870, tw o  
specim ens o f  a  w onderfu l sponge b e lo n g in g  also  to  th e  
H exactinellidae w ere d redged  in  374 fa th o m s in  rocky  
g ro u n d  off C ape S t. V in cen t. T h e  la rg e r  o f  th e se  
fo rm s a  com plete  vase o f  a  v e ry  e leg a n t fo rm , nea rly  
n in e ty  cen tim etre s  in  d iam ete r a t  th e  to p  an d  ab o u t 
s ix ty  in  h e ig h t (F ig . 67 ). T h e  sponge cam e u p  folded 
to g e th e r, an d  h a d  m u c h  th e  appearance  o f  a  piece 
o f  coarse, grey ish-co loured  b la n k e t. I t s  m in u te  
s tru c tu re  is , how ever, very  b eau tifu l. I t  consists, 
lik e  H olten ia , o f tw o  n e tte d  layers , a n  o u te r  and  
a n  in n e r, fo rm ed  b y  th e  sy m m etrica l in te r la c in g  o f 
th e  fo u r cross b ran ch es o f five-rayed sp ic u le s ; and , 
as in  H o lten ia  an d  R ossella , th e  sarcode is  fu ll o f 
ex trem e ly  m in u te  five and  s ix -ray ed  spicules, w hich , 
how ever, hav e  a  th o ro u g h ly  d is tin c t ch a rac te r of 
th e ir  ow n, w ith  h e re  an d  th e re  a  v e ry  b eau tifu l 
ro se tte -lik e  sp icule, a n o th e r  s in g u la r  m odification  of



e n  a i*, v u . T H E  D E E P -SE A  FAU NA. 4 2 9

th e  liex rad ia te  ty p e  c h a rac te r is tic  o f th is  group. 
B etw een  th e  tw o  n e tte d  surfaces th e  sponge su b 
stan ce  is fo rm ed  o f  loose cu rv in g  m eshes o f  loosely 
ag g reg a ted  bu n d les  o f  lo n g  sim ple  fib res, sparse ly  
m ix ed  w ith  sp icu les o f  o th e r  form s. T h is sponge 
seem s to  liv e  fixed  to  a  stone. T h ere  a re  no 
an ch o rin g  sp icu les, an d  th e  b o tto m  o f  th e  vase,

F io . 67.—A»konema setubalen*, K b k t. One-eighth the  n a tu ra l alze. (No. 25, 1870.)

w hich  in  o u r  tw o  specim ens is a  good deal con 
tra c te d  an d  h as  a  sq u are  shape  so m eth in g  lik e  an  
o ld  I r is h  ‘ m e th e r ,’ h a s  ap p a ren tly  been  to rn  from  
som e a tta c h m e n t. T h is  fine species w as nam ed  
A sko n em a  setubalense , an d  very  * briefly  described 
from  a  specim en  in  th e  L isbon  M useum  by  M r. 
Saville  K e n t, in  a p ap e r in  w hich  h e  noticed  some
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of th e  sponges dredged from  M r. M arsh a ll H a ll 's  
y ac h t.1

Sponges belong ing  to  o th e r  g roups from  th e  deep 
w a te r w ere n e a rly  eq u a lly  in te re s tin g . I  have 
a lread y  a lluded , p. 188, to  th e  handsom e b ra n ch in g  
sponges b e lo n g in g  to  th e  E sp erad iæ , w h ich  abound  
off th e  coasts o f  S co tland  an d  P o r tu g a l. N e a r  th e  
m o u th  o f  th e  S tra i t  o f  G ib ra lta r  a  n u m b er o f  species 
w ere ta k e n  in  considerab le q u a n tity , b e lo n g in g  to  a 
g ro u p  w h ich  w ere  a t  f irs t confused w itli th e  H e x a c 
tinellidae, on  acco u n t o f  th e ir  f re q u e n tly  fo rm in g  a 
s im ila r a n d  eq u a lly  b e a u tifu l co n tin u o u s  n e tw o rk  o f 
silica, so as to  assum e th e  sam e resem blance  to  d e li
ca te  lace  w h en  boiled  in  n it r ic  ac id . T h e  C orallio- 
spong iæ  differ, how ever, from  th e  H exactinellidae in  
one  very  fu n d am en ta l charac te r. W h ile  in  th e  la t te r  
th e  sp icu le  is  liex rad ia te , in  th e  fo rm er i t  consists 
o f  a  sh a ft w ith  th re e  d iverg ing  ray s  a t  one  end. 
T hese  freq u en tly  sp read  in  one p lan e , an d  th e y  often 
re-d iv ide , an d  freq u en tly  th e  spaces betw een  th e m  are  
filled u p  w ith  a  secondary  expanse o f  silica, v a rio u sly  
frilled  a n d  n e tte d  o n  th e  edge, so as to  g ive th e  sp icule 
th e  appearance  o f  a n  o rn a m e n ta l fla t-headed  tack . 
T hese th ree -ray ed  s ta rs  o r  d isks, in  com bination , s u p 
p o r t th e  o u te r  m em b ran e  o f  sponges o f  th is  o rd e r ; 
an d  sp icu les o f th e  sam e type , fu sed  to g e th e r  accord 
in g  to  various p lan s , fo rm  th e  sponge skeleton.

T h is  g ro u p  o f sponges a re  as y e t im perfec tly  
know n . T hey  seem  to pass  in to  su ch  fo rm s as 
G eodia  an d  T e th y a ;  an d  th e  ty p ica l ex am p le  w ith  
w h ich  w e a re  m o st fam ilia r is  th e  g en u s  D a c ty 
localyx, rep resen ted  by  th e  cup-sliaped  pum ice-like  

i M onthly M icroscopic Jo u rn a l, N ovem ber 1, 1870.
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m asses w h ich  a re  th ro w n  ashore  from  tim e  to  tim e  
on  th e  W e s t In d ia n  Is lands.

P ro fesso r P . M a r tin  D u n c a n  h as  a lread y  pu b lish ed  
a n  acco u n t o f  th e  s to n y  corals (th e  M ad rep o ra ria ) of 
th e  c ru ise  o f  th e  ‘ P o rcu p in e  ’ in  1869, an d  h e  has 
now  in  h a n d  th o se  p ro cu red  off th e  coast o f  P o r tu g a l 
in  1870, som e o f  w h ich  a re  o f  even  g re a te r  in te re s t 
from  th e i r  close resem blance  to  c e r ta in  cretaceous 
fo rm s. T w elve species o f  s to n y  co ra ls  w ere d redged  
in  1869.

C aryophyllia  borealis, F l e m i n g  (F ig . 4 , p. 27), is 
very  a b u n d a n t a t  m o d era te  dep ths, p a r tic u la r ly  a long  
th e  w est coast o f  I re la n d , w here  m an y  v arie ties  a re  
fou n d . T h e  g re a te s t d ep th  a t  w h ich  th is  species w as 
d redged  is 705 fa th o m s. I t  is  fo u n d  fossil in  th e  
m iocene an d  p liocene  beds o f  S icily.

C eratocyathus orna tus , S e g u e n z a .— O f th is  p re tty  
co ra l o n ly  a  s ing le  specim en  w as ta k e n  in  705 
fa th o m s, off th e  B u t t  o f  th e  L ew s. I t  h a d  n o t p re 
v iously  b een  k n o w n  as a  re c e n t species, an d  was 
described by  S eguenza  fro m  th e  S ic ilian  m iocene 
te rtia rie s . F labellum  lacin ia tum , E d w a r d s  an d  
H a i m e ,  w as fre q u e n t in  w a te r  from  100- to  400 
fa thom s, fro m  Fsèroe to  C ape C lear. F ro m  th e  
ex tre m e  th in n e ss  o f  th e  o u te r  c ru s t, th is  co ral is 
excessively  b r i t t le ;  an d  a lth o u g h  m a n y  h u n d red s  
cam e u p  in  th e  dredge, scarce ly  half-a-dozen exam ples 
w ere en tire . A n o th e r  fine species o f  th e  sam e genus, 
F labellum  d istinc tum  (F ig . 68), w as d redged  on 
several occasions off th e  P o rtu g u e se  coast in  1S70. 
T h e  spec ia l in te re s t  a t ta c h in g  to  th is  species, is 
t h a t  i t  ap p ears  to  be id en tica l w ith  a  fo rm  liv in g  in  
th e  seas o f J a p a n .
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Lophohelia  p ro life ra , P a l l a s  (F ig . 80, p . 169). 
— M an y  v a rie tie s  ; a b u n d a n t a t  d ep th s  fro jn  150 
to  500 fa thom s a ll  a long  th e  w est coasts o f  Scot
lan d  an d  Ire la n d , a t  te m p e ra tu re s  v a ry in g  from  
0° to  10° C. I n  som e p laces,— as, fo r exam ple , a t  
S ta tio n  54, betw een  S co tland  an d  F& roe, an d  S ta tio n  
15, betw een th e  w est coast o f I re la n d  an d  th e  
P o rcu p in e  B an k ,— th e re  seem  to  b e  re g u la r  b an k s 
o f  i t ,  th e  d redge com ing  u p  loaded w ith  frag m en ts , 
liv in g  an d  dead.

F iv e  a llied  species o f th e  g en u s A m p h ih e lia  oc-. 
cu rred  m ore  sparing ly .

F io . 08.—Flabellum distinctum  Twlc* tho n a tu ra l alca. (No. 28, 1870.)

A llo p o ra  oculina , E h r e n b e r g , a  v e r y  b e a u t i f u l  
f o r m ,  o f  w h ic h  a  f e w  s p e c im e n s  w e r e  p r o c u r e d  i n  t h e  
• c o ld  a r e a , ’- a t  d e p t h s  a  l i t t l e  o v e r  3 0 0  f a th o m s .

Thecopsam m ia socialis , P o u r t a l e s  (F ig . 69), a  form  
closely a llied  to  B a lanophy llia , an d  re sem b lin g  som e 
c rag  species. I t  h ad  been  p rev io u sly  d redged  by 
C o u n t P o u rta le s  in  th e  G u lf  o f F lo rid a . Theco
psam m ia  is  to le ra b ly  com m on in  deep w a te r  in  th e  
‘ cold a re a ,’ g row ing  in  pa tches, five o r  six  exam ples 
som etim es com ing  u p  on one stone.
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I  h av e  a lre ad y  ad v e rted  to  th e  danger w e ru n  in  
e s tim a tin g  th e  re la tiv e  p ro p o rtio n s in  w h ich  any  
specia l g roups m ay  e n te r  in to  th e  su m  o f  th e  abyssal 
fau n a , b y  th e  p ro p o rtio n  in  w h ich  th e y  a re  recovered 
by  an y  sing le  m e th o d  o f  cap tu re . P ro m  th e ir  con
siderab le  size, th e  le n g th  an d  r ig id ity  o f  th e i r  s tra g 
g lin g  ray s, an d  th e ir  h a b it o f  c lin g in g  to  fixed ob
je c ts , th e  E ch in o d e rm a ta  a re  n o t very  re ad ily  tak en

F io . 00.—Thecopsammia sodalis, P o u r t a l e s .  Onos and  a  h a i i  th o  n a tu ra l size. (No. 57 3889.)

by  th e  d redge, b u t  th e y  fa ll a n  easy  prey  to  th e  
‘ hem pen  tan g le s .’ I t  is  possib le  t h a t  th is  c ircum 
stan ce  m ay  to  a c e rta in  e x te n t ex ag g e ra te  th e ir  
a p p a re n t ab u n d an ce  a t  g re a t d ep th s , b u t  w e have 
d ire c t evidence in  th e  a c tu a l n u m b ers  w h ich  are  
b ro u g h t u p , th a t  in  som e p laces th e y  m u s t be won
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d erfu lly  n u m ero u s; a n d  we fre q u e n tly  d redge  sponges 
a n d  corals a c tu a lly  covered  w ith  th e m  in  th e  a t t i 
tu d e s  in  w hich  th ey  lived , n e s tlin g  am o n g  th e ir  fibres 
a n d  in  th e  ang les o f  th e ir  b ranches. I  h av e  coun ted  
sev en ty -th ree  exam ples o f  A m p h iu ra  abyssicola, sm all 
a n d  la rg e , s tic k in g  to  one  H o lten ia .

B o th  on  acco u n t o f  th e ir  b e a u ty  a n d  ex trem e  
ra r i ty , an d  o f th e  im p o rta n t p a r t  th e y  h av e  borne 
in  th e  fa u n a  o f  som e o f th e  p a s t periods o f th e  
e a r th ’s h is to ry , th e  firs t o rd e r o f  th e  E ch inoderm s, 
th e  C rinoidea, h as  a lw ays h a d  a  spec ia l in te re s t  to  
n a tu r a l is ts ;  an d , o n  th e  w a tch  as w e w ere  for 
m iss in g  lin k s  w h ich  m ig h t connect th e  p re se n t w ith  
th e  p as t, w e eagerly  w elcom ed a n y  in d ica tio n  o f th e ir  
presence. C rino ids w ere  v e ry  a b u n d a n t in  t h e  seas 
o f  th e  S ilu r ia n  p e r io d ; deep b ed s  o f carbon iferous 
lim esto n e  a re  o ften  fo rm ed  b y  th e  ac cu m u la tio n  o f 
l i t t le  else th a n  th e i r  skele tons, th e  s tem  jo in ts  and  
cups cem en ted  to g e th e r  b y  lim y  se d im e n t; and  
dozens o f  th e  p e rfec t crow ns o f  th e  e le g a n t lily - 
e n c rin ite  a re  o ften  sca tte red  over th e  su rface  of 
slabs o f  th e  m uschelka lk . B u t  d u r in g  th e  lap se  o f 
ages th e  w hole o rd e r seem s to  h av e  b een  w orsted  
in  th e  ‘ s tru g g le  fo r life .’ T hey  becom e scarce in  th e  
new er m ezozoic beds, s t i l l  sca rcer in  th e  te r tia r ie s , 
a n d  u p  to  w ith in  th e  la s t  few  y ea rs  on ly  tw o 
liv in g  s ta lk ed  crino ids w ere  k n o w n  in  th e  seas 
o f  th e  p re sen t period , an d  th ese  appeared  to  be 
confined to  deep w a te r  in  th e  seas o f  th e  A n tille s , 
w hence fisherm en  from  tim e  to  tim e  b r in g  u p  m u ti
la te d  specim ens on  th e ir  lines. T h e ir  ex is ten ce  lias 
b een  know n  fo r m ore th a n  a  ce n tu ry  ; b u t  a lth o u g h  
m any  eyes h av e  been  w a tc h in g  fo r th em , u n t i l  very
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la te ly  n o t m ore th a n  tw e n ty  specim ens h ad  reached  
E u ro p e , a n d  o f th ese  o n ly  tw o  show ed a l l  th e  jo in ts  
an d  p la te s  o f  th e  skele ton , an d  th e  so ft p a r ts  w ere 
lo s t in  a ll.

These tw o  species b e lo n g  to  th e  g en u s P en ta cr in u s , 
w h ich  is  w ell rep resen ted  in  th e  beds o f th e  lia s  an d  
oolite , a n d  sp a rin g ly  in  th e  w h ite  c h a lk ;  a n d  a re  
n am ed  respective ly  P e n ta c r im is  asteria , L ., an d  P .  
m ulleri, O e r s t e d . F ig . 70 rep resen ts  th e  firs t o f these. 
T h is species h as  b een  k n o w n  in  E u ro p e  s ince  th e  yea r 
1755, w h en  a  specim en w as b ro u g h t to  P a r is  from  
th e  is la n d  o f M artin iq u e , an d  described  b y  Q u e tta rd  
in  th e  M em oirs o f  th e  R o y a l A cadem y o f Sciences. 
F o r  th e  n e x t h u n d re d  y ea rs  a n  exam ple  tu rn e d  u p  
now  an d  th e n  fro m  th e  A n tilles . E llis  described 
one, now  in  th e  H u n te r ia n  M u seu m  in  G lasgow  
U n iv e rs ity , in  th e  P h ilo so p h ica l T ran sac tio n s, fo r 
1761. O ne o r tw o  fo u n d  th e ir  w ay  in to  th e  m useum s 
o f  C openhagen , B ris to l, an d  P a r is ;  tw o  in to  th e  
B r it ish  M u s e u m ; a n d  one  fo r tu n a te ly  fe ll  in to  th e  
h an d s  o f  th e  la te  P ro fesso r Jo h a n n e s  M u lle r  o f 
B e rlin , w ho  p u b lish ed  a n  e lab o ra te  acco u n t o f i t  in  
th e  T ra n sac tio n s  o f  th e  R o y a l B erlin  A cadem y fo r 
1813. W ith in  th e  la s t  few  years, M r. D am o n  o f 
W ey m o u th , a  w ell-know n co llecto r o f  n a tu ra l  h is 
to ry  objects, h as  p ro cu red  several v e ry  good speci
m ens, w h ich  a re  now  lodged  in  th e  m useum s o f 
M oscow , M elbou rne , L iverpoo l, an d  L ondon.

P en ta cr in u s  a ster ia  m ay  b e  ta k e n  as th e  ty p e  o f 
its  o rd e r ;  I  w ill th e re fo re  describe  i t  briefly . T he 
a n im a l consists  o f  tw o  w ell-m arked  p o rtio n s , a  stem  
and  a  head . T h e  stem , w h ich  is o ften  from  40 to 
60 cen tim e tre s  in  len g th , consists  o f a  series of



F i r .  T o  — I ' »  » i « - 1 ! , > » . <  n f i , I . i s s  r i  s  O i i c . f o i i i i l i  l i n ’ i i i i l n m l  s i / . r .
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fla tten ed  ca lcareous jo in ts  ; i t  m ay  b e  snapped  over 
a t  th e  p o in t o f  ju n c tio n  betw een  an y  tw o  o f  these 
jo in ts , a n d  b y  s lip p in g  th e  p o in t o f a  pen-kn ife  in to  
th e  n e x t s u tu re  a  s ing le  jo in t  m ay  b e  rem oved en tire . 
T h e  jo in t  h as  a  ho le in  th e  cen tre , th ro u g h  w hich  
one m ig h t pass a  fine needle. T h is ho le  fo rm s p a r t  
o f a  can a l filled  d u rin g  life  w ith  a  g e la tin o u s  n u t r i 
e n t  m a tte r  w h ich  ru n s  th ro u g h  th e  w hole le n g th  
o f th e  s tem , b ran ch es in  a  com plicated  w ay  th ro u g h  
th e  p la te s  o f  th e  cup , a n d  fina lly  passes th ro u g h  
th e  ax is  o f each o f th e  jo in ts  o f  th e  a rm s, and  of 
th e  u lt im a te  p in n u le s  w h ich  frin g e  th em . O n  th e  
u p p e r  a n d  low er su rfaces o f  th e  s tem -jo in t th e re  
is a  very  g racefu l an d  c h a ra c te r is tic  figu re  o f five 
ra d ia tin g  oval leaf-like  spaces, each  space su rro u n d ed  
b y  a  b o rd e r o f  m in u te  a lte rn a te  rid g es  and  grooves. 
T h e  rid g es  o f th e  u p p e r su rface  o f a  jo in t  f it in to  
th e  grooves o f  th e  low er surface o f th e  jo in t  above 
i t  ; so th a t ,  th o u g h  from  b e in g  m ad e  u p  o f  m an  
jo in ts  th e  s tem  ad m its  o f a  c e rta in  a m o u n t o f 
m otion , t h a t  m o tion  is  very  lim ited .

A s th e  b o rd e r o f  each  s ta r- lik e  figu re  exac tly  
fits th e  b o rd er o f  th e  s ta r  above a n d  below , th e  five 
leaflets w ith in  th e  b o rd e r a re  likew ise  p laced  d irec tly  
one  above th e  o ther. W ith in  th e se  leaflets th e  
lim y  m a tte r  w h ich  m akes u p  th e  g re a t b u lk  o f th e  
jo in t  is  m ore loosely a r ra n g e d  th a n  i t  is  ou tside , and  
live oval b an d s  o f s tro n g  fibres pass  in  th e  in te r 
spaces r ig h t  th ro u g h  th e  jo in ts , from  jo in t  to  jo in t, 
from  one  end  o f  th e  stem  to  th e  o ther. These 
fibrous b an d s g ive th e  co lum n  g re a t s tre n g th . I t  
is  by  no  m eans easily  b ro k e n  even  w hen  dead  and 
d ry . T hey  also , by th e ir  e las tic ity , a d m it a  c e rta in
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a m o u n t o f passive  m o tion . T h e re  a re  no  m uscles 
betw een  th e  jo in ts  o f  th e  s tem , so th a t  th e  a n im a l 
does n o t a p p e a r to  be ab le  to  m ove i ts  s ta lk  a t  
w ill. I t  is  p ro b ab ly  on ly  g e n tly  w aved b y  th e  tid e s  
a n d  c u rre n ts , an d  by  th e  m ovem en ts o f  i ts  ow n arm s.

I n  P en ta crin u s  a ster ia  a b o u t every  seven teen th  
jo in t  o f  th e  low er m a tu re  p a r t  o f  th e  stem , is  a  l i t t le  
deeper o r  th ic k e r  th a n  th e  o th ers , a n d  b ea rs  a  w h o rl 
o f  five lo n g  te n d rils  o r  c irr i. T h e  s tem  is, even 
n e a r  th e  base, s lig h tly  p e n ta g o n a l in  sec tion , and 
i t  becom es m ore  m ark e d ly  so to w ard s  th e  head. 
T h e  c irr i s ta r t  from  shallow  grooves b e tw een  th e  
p ro jec tin g  ang les o f  th e  p e n ta g o n , so t h a t  th e y  are  
ran g ed  in  five s tr a ig h t  row s u p  a n d  dow n th e  stem . 
T h e  c ir r i  a re  m ad e  u p  o f  a b o u t th ir ty -s ix  to  'th ir ty -  
seven  sh o r t jo in ts  ; th e y  s ta r t  s t ra ig h t  o u t fro m  th e  
s tem  r ig id  a n d  stiff, b u t  a t  th e  en d  th e y  u su a lly  
cu rve  dow nw ards, an d  th e  la s t  jo in t  is  sh a rp  an d  
claw like . T hese te n d rils  h av e  n o  t r u e  m uscles ; 
th e y  h av e , how ever, som e pow er o f  c o n tra c tin g  ro u n d  
re s is tin g  ob jects w h ich  th e y  to u c h , an d  th e re  a re  
o ften  star-fishes an d  o th e r  sea an im a ls  en tan g led  
am o n g  th e m . T h e  spec im en  fig u red  h a s  th u s  be
com e th e  tem p o ra ry  abode o f a  v e ry  e le g a n t species 
o f A steroporpa .

N e a r  th e  h ead  th e  c ir r i  becom e sh o r te r  and  
sm alle r, a n d  th e ir  w h o rls  closer. T h e  reaso n  o f 
th is  is  th a t  th e  s tem  grow s im m ed ia te ly  below  th e  
head , an d  th e  c irru s-b earin g  jo in ts  a re  fo rm ed  in  
th is  p o sitio n , th e  in te rm e d ia te  jo in ts  b e in g  p ro d u ced  
a fte rw ard s  below  an d  above each c ir ra te d  jo in t ,—  
w hich  th e y  g ra d u a lly  sep a ra te  from  th e  one on  e i th e r  
side o f  i t ,  t i l l  th e  n u m b er o f seven teen  o r  e ig h te e n
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in te rm e d ia te  jo in ts  is  com plete. A t th e  top  o f  th e  
s tem  five l i t t le  ca lcareous lu m p s  lik e  b u tto n s  s tan d  
o u t from  th e  p ro jec tin g  ridges, an d  upon  th e se  and  
u p o n  th e  u p p e r  p a r t  o f  th e  stem  th e  cup  w hich  
ho lds th e  v iscera  o f  th e  a n im a l is p laced . These 
b u tto n s  a re  o f  b u t  l i t t le  m o m en t in  th is  form , b u t 
th e y  re p resen t jo in ts  w h ich  a re  o ften  developed in to  
la rg e , h ig h ly -o rn am en ted  p la te s  in  th e  v ario u s tribes 
o f  i ts  fossil ancesto rs. T hey  a re  ca lled  th e  c b asa l * 
p la te s  o f  th e  cup . N e x t, in  a n  u p p e r tie r , a lte rn a tin g  
w ith  th e  la s t, w e hav e  a row  o f  five ob long  p la tes  
opposite  th e  grooves o f  th e  stem , a n d  a l l  cem ented  
in to  a  r in g . T hese p la te s  a re  sep ara te  w hen  th e  
a n im a l is y o u n g  ; th ey  a re  called  th e  4 firs t ra d ia l * 
p la te s . T hey  a re  th e  firs t o f  lo n g  cha in s o f  jo in ts  
w h ich  a re  con tinued  to  th e  ends o f th e  arm s. Im m e 
d ia te ly  above th ese  p la te s , a n d  re s tin g  u p o n  th em , 
th e re  is  a  second row  o f  p la te s  n e a rly  o f th e  sam e 
size an d  shape, on ly  th e y  re m a in  sep a ra te  from  one 
a n o th e r , never u n i t in g  in to  a  rin g . T hese a re  th e  
4 second ra d ia is ,’ an d  im m ed ia te ly  u p o n  th ese  re s t  
a  th ird  series o f five, v e ry  lik e  th e  p la te s  o f  th e  
o th e r  tw o  row s, on ly  th e i r  u p p e r  su rfaces r ise  in to  
a  cross rid g e  in  th e  cen tre , a n d  th e y  h av e  th e  
tw o  sides bevelled  off lik e  th e  eaves o f a  gable, to  
a d m it o f  tw o  jo in ts  b e in g  sea ted  u p o n  each  o f  th em  
in s te a d  o f one. T h is  la s t  r in g  o f  jo in ts  a re  th e  
4 ra d ia l ax illa ries ,’ an d  above th ese  w e have th e  firs t 
b ifu rc a tio n  o f th e  arm s. T hese th re e  r in g s  o f 
ra d ia l jo in ts  fo rm  th e  t ru e  cup. I n  th e  m odern  
species th e y  a re  very  sm all, b u t  in  m an y  fossils 
th e y  acq u ire  a  la rg e  size, an d  enclose, freq u en tly  
w ith  th e  a id  o f  v a rio u s  row s o f  in te rm ed ia te  or
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in te r-rad ia l p la tes  an d  a  ro w  o f  basais, a  la rg e  
body-cavity . T h e  tw o  u p p e r jo in ts  o f  each  ray  
a re  separa ted  from  those  o f  th e  ra y  n e x t i t  b y  a  
p ro lo n g a tio n  dow nw ards o f th e  p la ted  sk in  w h ich  
covers th e  u p p e r surface o r ‘ d is k ’ o f th e  body. 
S eated  u p o n  th e  bevelled sides o f  each  rad ia l-ax il
la ry  jo in t, th e re  is  a  series o f  five jo in ts , th e  la s t  
o f  th e  five bevelled ag a in  lik e  th e  ra d ia l ax illaries 
fo r th e  in se rtio n  o f  tw o  jo in ts . T hese five jo in ts  
fo rm  th e  firs t series o f  « b rach ia ta ,’ an d  from  th e  
base  o f  th is  series th e  a rm s becom e free.

T h e  firs t o f  th e  b ra ch ia l jo in ts , t h a t  is  to  say,
th e  jo in t  im m edia te ly  above th e  ra d ia l ax illa ry , is, 
as i t  w ere, sp lit in  tw o  b y  a  p ecu lia r k in d  o f  jo in t, 
called, b y  M ü lle r, a  * syzygy.* A ll th e  o rd in ary  jo in ts  
o f th e  a rm s a re  p rov ided  w ith  m uscles p ro d u c in g  
various m otions, an d  b in d in g  th e  jo in ts  firm ly  
to g e th e r. T h e  syzygies a re  n o t so p rov ided , and  
th e  a rm s a re  consequen tly  easily  snapped  across 
w here th e se  occur. T h is is  a  b e a u tifu l p rovision  fo r 
th e  safe ty  o f  a n  an im al w h ich  h as  so  w ide and  
com plicated  a  crow n o f appendages. I f  one o f  th e  
a rm s g e t en tang led , o r fa ll in to  th e  jaw s o r  claw s o f 
a n  enem y, b y  a  je rk  th e  star-fish  c a n  a t  once g e t 
r id  o f  th e  em barrassed  a rm ; an d  as a ll th is  g roup  
have a  w onderfu l pow er o f  rep ro d u c in g  lo s t p a r ts , th e  
a rm  is soon resto red .

W h e n  th e  an im al is  dy ing , i t  g en era lly  b reak s off
i ts  a rm s a t  these  syzyg ies; so t h a t  a lm o st a l l  th e
specim ens w hich  hav e  been b ro u g h t to  E u ro p e  have 
a rrived  w ith  th e  arm s sep ara te  from  th e  body.

A b o u t six  a rm -jo in ts o r  so above th e  firs t on 
e ith e r  b ran ch  th e re  is  a  second b rach ia l accessory and
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a n o th e r  b ifu rca tio n , an d  seven  o r  e ig h t jo in ts  fa r th e r  
o n  an o th e r, a n d  so on, b u t  m ore  ir re g u la r ly  th e  
fa r th e r  fro m  th e  cen tre , t i l l  each o f th e  five p rim ary  
ra y s  h as  d iv ided in to  from  tw en ty  to  th i r ty  u ltim a te  
b ran ch es, p ro d u c in g  a  r ic h  crow n of m ore  th a n  a  
h u n d red  a rm s. T h e  u p p e r su rface  o f  each  a rm -jo in t 
is  deeply  grooved, th e  low er a rch ed  ; a n d  from  one 
side o f  each , a lte rn a te ly  on  e ith e r  s ide  o f  th e  a rm , 
th e re  sp rin g s  a  series o f fla tten ed  ossicles. These 
fo rm  th e  u lt im a te  b ran ch le ts , o r  ‘ p in n u le s /  w h ich  
fr in g e  th e  a rm s  as th e  b a rb s  f r in g e  th e  s h a f t  o f  a  
fea th e r. U n fo r tu n a te ly , m o st o f  th e  exam ples o f 
P en ta crin u s  asteria  h i th e r to  p ro cu red  hav e  h a d  th e  
so ft p a r ts  destroyed  an d  th e  disk m ore o r  less in ju red . 
O ne specim en, how ever, in  m y  possession  is  q u ite  
perfec t. T h e  body  is covered above b y  a  m em b ran e  
closely  te sse la ted  w ith  irreg u la rly -fo rm ed  fla t p la te s ; 
th is  m em b ran e , a f te r  covering  th e  d isk , d ips in to  
th e  spaces b e tw een  th e  series o f ra d ia l  jo in ts , and  
w ith  th e  jo in ts  o f  th e  cup  com pletes th e  body-w all. 
T h e  m o u th  is  a  ro u n d ed  open ing  o f  considerab le  size 
in  th e  cen tre  o f  th e  d isk , a n d  opens in to  a  stom ach  
p ass in g  in to  a  sh o rt cu rved  in te s tin e  w h ich  ends in  
a l o n g  ex c re to ry  tu b e ,— th e  so-called  ‘ p roboscis*  o f 
th e  fossil c rino ids,— w hich  rises  from  th e  su rface  o f 
th e  d isk  n e a r  th e  m o u th . P ro m  th e  m o u th  five 
deep grooves, bordered  on  e ith e r  side b y  sm all sq u are  
p la te s , ru n  o u t to  th e  edge o f th e  d isk , a n d  a re  con
tin u o u s  w itli th e  grooves on  th e  u p p e r surface o f th e  
arm s a n d  p in n u les , w h ile  in  th e  ang les betw een  th em  
five th ick en ed  m asses o f  th e  m a ilin g  o f th e  disk 
su rro u n d  th e  m o u th  lik e  valves. T hese w ere  a t  
firs t supposed to  an sw er th e  p u rp o se  o f te e th . T he



4 4 2 T H E  D E P T H S  O F  T H E  SE A . [ c h a p .  I X .

crino ids, how ever, a re  n o t p red a to ry  an im als. T h e ir 
n u tr i t io n  is  effected in  a  very  g en tle  m an n er. T he 
grooves o f th e  p in n u les  an d  a rm s a re  r ic h ly  cilia ted . 
T h e  c rino id  exp an d s i ts  a rm s lik e  th e  p e ta ls  o f a  fu ll
b low n flow er, an d  a  c u r re n t o f sea -w ater b ea rin g  
o rgan ic  m a tte r  in  so lu tio n  an d  suspension  is carried  
by  th e  c ilia  a lo n g  th e  b ra c h ia l an d  ra d ia l grooves 
to  th e  m ou th . I n  th e  s tom ach  an d  in te s tin e  th e  
w a te r  is  ex h au s ted  o f  assim ilab le  m a tte r , a n d  th e  
le n g th  an d  d irec tion  o f th e  ex c re to ry  p roboscis p re 
v en t th e  ex h au s ted  w a te r from  re tu rn in g  a t  once in to  
th e  c ilia ted  passages.

T h e  o th e r  W e st In d ia n  P e n ta c r in u s— P .  M u lle r i—  
seem s to  b e  m ore com m on off th e  D a n ish  Is la n d s  
th a n  P . asteria . T h e  a n im a l is  m ore  delica te  in  
form . T h e  s tem  a t ta in s  n e a rly  th e  earne h e ig h t, 
b u t  is  m ore s lender. T h e  r in g s  o f  c ir r i  o ccu r ab o u t 
every  tw e lf th  jo in t , an d  a t  each  w h o rl tw o  stem - 
jo in ts  a re  m odified. T h e  u p p e r jo in t  b e a rs  th e  facet 
fo r th e  in se rtio n  o f  th e  c irru s , a n d  th e  second is 
g rooved  to  receive i ts  th ic k  b asa l p o rtio n , w h ich  
b en d s dow nw ards fo r a  l i t t le  w ay  closely  adpressed  
to  th e  stem , before b ecom ing  free.- T h e  syzygy is 
betw een  th e  tw o  m odified jo in ts , an d  in  a ll th e  com 
p le te  specim ens w hich  I  hav e  seen  th e  s tem  is  b roken  
th ro u g h  a t  one o f  th e se  s tem  syzygies, a n d  th e  te r 
m in a l s tem -jo in t is  w o rn  an d  abso rbed , show ing 
th a t  th e  a n im a l m u s t h av e  been  fo r lo n g  free from  
an y  a t ta c h m e n t to  th e  g round .

O n  th e  2 1 st o f  J u ly ,  1870, M r. G w y n  Jeffreys, 
d red g in g  from  th e  ‘ P o rcu p in e  * a t  a  d e p th  o f  1,095 
fa thom s, la t . 39° 4 2 ' N ., long . 9° 4 3 ' W ., w ith  a 
b o tto m  te m p e ra tu re  o f 4°*3 C. an d  a  b o tto m  of soft
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m ud, took  ab o u t tw en ty  specim ens o f a  handsom e 
P en ta crin u s  involved  in  th e  ‘ hem pen  ta n g le s ;*  and 
th is  sp lend id  add itio n  to  th e  fa u n a  o f th e  E u ropean  
seas m y  frien d  has done m e th e  h o n o u r to  associate 
w ith  m y  nam e.

P en ta crin u s wyville-thom soni, J e f f r e y s  (F ig . 71), 
is  in te rm ed ia te  in  som e o f  i ts  ch a rac te rs  betw een  P . 
asteria  an d  P .  m u ller i;  i t  approaches th e  la t te r  species, 
how ever, th e  m ore  n ea rly . I n  a  m a tu re  specim en th e  
s tem  is  a b o u t 120 m m . in  le n g th , an d  consists  o f  five 
o r six  in te rn o d es. T h e  w horls  o f  c i r r i  tow ards th e  
low er p a r t  o f  th e  s tem  a re  40 m m . a p a r t ,  a n d  th e  in- 
tem o d es  co n ta in  from  th i r ty  to  th irty -fiv e  jo in ts . T he 
c irr i a re  ra th e r  sh o r t an d  s ta n d  s tra ig h t  o u t fro m  th e  
nodal jo in t , o r  cu rv e  sh a rp ly  dow nw ards, as in  P .  
asteria . T h e  n o d a l jo in t  is  sing le , a n d  th e  syzygy 
separa tes  i t  from  th e  jo in t  im m ed ia te ly  b en e a th  it, 
w hich does n o t differ m a te ria lly  fro m  th e  o rd inary  
in te rn o d a l s tem -jo in t. A ll th e  stem s o f  m a tu re  
exam ples o f  th is  species end  u n ifo rm ly  in  a  nodal 
jo in t , su rro u n d e d  w ith  its  w h o rl o f c irr i, w h ich  curve 
dow nw ards in to  a  k in d  o f g ra p p lin g  ro o t. T h e  low er 
su rface  o f  th e  te rm in a l jo in t  is  in  a l l  sm oo thed  and  
roun d ed , ev id en tly  b y  ab so rp tio n , show ing  th a t  th e  
a n im a l h a d  fo r lo n g  b een  free. T h is  c h a ra c te r  I  
hav e  re m a rk ed  a s  o c c u rrin g  in  som e specim ens of 
P .  m ulleri. I  h av e  n o  d o u b t th a t  i t  is  c o n s ta n t in  
th e  p re se n t species, a n d  th a t  th e  a n im a l lives  loosely 
roo ted  in  th e  so ft m u d , a n d  c a n  ch ange  i ts  p lace  a t  
p leasu re  by  sw im m ing  w ith  i ts  p in n a te d  a rm s  ; th a t  
i t  is  in  fac t in te rm e d ia te  i n  th is  re spec t betw een  
th e  free gen u s A n ted o n  and  th e  p e rm an en tly  fixed 
crinoids.
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A  yo u n g  spec im en  o f  P .  w yville-thom soni g iv es  th e  
m ode in  w h ich  th is  freedom  is acqu ired . T h e  to ta l 
le n g th  o f  th is  specim en  is 95 m m ., o f w hich  th e  head  
occupies 35 m m . T h e  s tem  is b ro k e n  off in  th e  
m idd le  o f  th e  e ig h th  in te rn o d e  fro m  th e  head . T he 
low est com p le te  in te rn o d e  consists o f  14 jo in ts , th e  
n e x t o f  18, th e  n e x t o f 20 , a n d  th e  n e x t  o f  26 jo in ts . 
T h e re  a re  8 jo in ts  in  th e  c ir r i  o f  th e  low est w horl, 
10 in  th o se  o f  th e  second, 12 in  th o se  o f  th e  th ird , 
a n d  14  in  th o se  o f  th e  fo u rth . T h is  is  th e  rev e rse  of 
th e  co n d itio n  in  a d u l t  specim ens, in  a ll o f  w h ich  th e  
n u m b e rs  o f  jo in ts  in  th e  in te rn o d es, a n d  o f  jo in ts  
in  th e  c ir r i, decrease re g u la r ly  fro m  below  u p w ard s. 
T h e  b ro k e n  in te rn o d e  in  th e  y o u n g  exam ple , an d  
th e  th re e  in te rn o d es above i t ,  a re  a tro p h ied  an d  u n 
developed, an d  su d d en ly  a t  th e  th i r d  node fro m  th e  
h ead  th e  s tem  increases in  th ick n ess , an d  looks as 
i f  i t  w ere fu lly  n ou rished . T h e re  can  be no  doub t 
t h a t  in  ea rly  life  th e  c rin o id  is  a ttach e d , an d  th a t  i t  
becom es d isengaged  by  th e  w ith e rin g  o f  th e  low er 
p a r t  o f  th e  stem .

T lie s tru c tu re  o f  th e  cup  is  th e  sam e as in  P .  
asteria  an d  P .  m ulleri. T h e  b asa is  a p p e a r in  th e  
form  o f  sh ie ld -like  p ro jec tions c ro w n in g  th e  sa lien t 
an g les  o f  th e  stem . A lte rn a tin g  w ith  th e se  w e have 
w ell-developed firs t ra d ia is , fo rm in g  a  closed r in g  
an d  a r tic u la t in g  to  free  second ra d ia is  b y  m u scu la r 
jo in ts . T h e  second ra d ia is  a re  u n ite d  by  a  syzygy 
to  th e  ra d ia l ax illa rie s , w h ich  as u su a l g iv e  off each 
tw o  firs t b rach ia ls  from  th e i r  bevelled  sides. A  
second b ra c h ia l is  u n ite d  by  syzygy to  th e  f irs t, 
a n d  n o rm ally  th is  second b ra c h ia l is  a n  ax illa ry , 
an d  g ives off tw o  sim ple  a rm s ; som etim es, how ever,
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th e  ra d ia l a x illa ry  o rig in a tes  a  s im ple  a rm  on ly  from  
one o r  b o th  o f i ts  sides, th u s  re d u c in g  th e  to ta l  
n u m b er o f  th e  a rm s ; an d  som etim es one  o f  th e  four 
a rm s g iven  off fro m  th e  b ra c h ia l ax illa rie s  ag a in  
divides, in  w h ich  case th e  to ta l  n u m b e r o f  a rm s is 
increased . T h e  s tru c tu re  o f th e  d isk  is  m u ch  th e  
sam e as in  th e  species o f  th e  gen u s p rev io u sly  know n.

Tw o o th e r  fixed  crino ids w ere  d redged  from  th e  
* P o rcu p in e ,’ an d  th ese  m u s t b e  re fe rred  to  th e  A pio- 
crin idæ , w h ich  differ from  a l l  o th e r  sec tions o f  th e  
o rder in  th e  s tru c tu re  o f  th e  u p p e r  p a r t  o f th e  stem . 
A t  a  c e rta in  p o in t, considerab ly  below  th e  crow n o f 
a rm s, th e  jo in ts  o f th e  stem  w iden  b y  th e  g re a te r 
developm ent o f  th e  ca lcareous r in g , th e  cen tra l 
tu b e  o n ly  in c re as in g  v e ry  s lig h tly  in  w id th . T he 
w iden ing  o f  th e  s tem  jo in ts  increases u p w ard s  u n ti l  
a  pea r-sh ap ed  b o d y  is  p roduced , u su a lly  very  e leg an t 
in  fo rm , w h ich , look ing  from  th e  ou tside , one  w ould  
ta k e  fo r th e  ca lyx . I t  is , how ever, n o th in g  m ore 
th a n  a  sy m m etrica l th ick en in g  o f  th e  stem , a n d  th e  
body-cav ity  occupies a  shallow  depression  in  th e  top  
o f  i t  in c lu d ed  w ith in  th e  p la te s  o f  th e  cu p —th e  
b asa is  an d  rad ia is— w h ich  a re  th ic k e r  a n d  m ore 
so lid  th a n  in  o th e r  crino ids, b u t  o th erw ise  n o rm ally  
a rran g ed . T h e  stem  is  u su a lly  lo n g  an d  sim ple  
u n t i l  n e a r  th e  base , w here  i t  fo rm s som e m eans of 
a tta c h m e n t, e ith e r  as in  th e  ce leb ra ted  pear-en crin ites  
o f  th e  fo re s t m arb le , a  com plica ted  a rra n g e m e n t o f 
co n cen tric  layers  o f  ca lcareous cem en t w h ich  fix  it  
firm ly  to  som e fo re ign  body, o r, as in  th e  ch a lk  
B o nrguetticrinus  an d  in  th e  re cen t R h izo crin u s, an  
ir re g u la r  series o f  jo in te d  b ra n c h in g  c irr i.

T h e  A p iocrin idæ  a tta in e d  th e ir  m ax im u m  d u rin g
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th e  J u ra s s ic  p e rio d , w h en  th e y  w ere rep resen ted  by  
m an y  fine species o f  th e  gen era  A p io crm u s  and  
M iller ic r in u s . T h e  ch a lk  gen u s B ourguetticrm us  
show s m an y  sym p tom s o f  degeneracy . T h e  head  
is  sm all, a n d  th e  a rm s a re  sm a ll an d  sh o rt. T h e  
a rm -jo in ts  a re  so m in u te  t h a t  i t  is  scarcely  possible 
to  m ak e  u p  a  series from  th e  fra g m en ts  sca tte red  
th ro u g h  th e  ch a lk  in  th e  n e ig h b o u rh o o d  o f  a  c lu s te r  
o f  heads. T h e  stem , on  th e  o th e r  h a n d , is  d isp ro 
p o rtio n a te ly  la rg e  an d  lo n g , a n d  one is  led  to  suspect 
t h a t  th e  a n im a l w as n o u rish ed  chiefly  b y  th e  genera l 
su rface  ab so rp tio n  o f  o rg a n ic  m a tte r , a n d  th a t  th e  
h ea d  an d  special a ss im ila tiv e  o rgans w ere p rin c ip a lly  
concerned  in  th e  fu n c tio n  o f  rep ro d u c tio n . R h izo 
crin u s loffotensis , M . S a r s  (F ig . 72), w as discovered 
in  th e  y e a r 1864, a t  a  d e p th  o f  a b o u t 300 fa thom s, 
off th e  L offo ten  is lan d s, b y  G . O . S ars , a  son  o f  th e  
ce leb ra ted  P ro fesso r o f N a tu ra l  H is to ry  in  th e  U n i
v e rs ity  o f  C h ris tia n ia  b y  w hom  i t  w as described  in  
th e  y ea r 1868. I t  is  obv iously  a  fo rm  of th e  A pio- 
c rin id æ  s t i l l  m o re  deg raded  th a n  B ourguetticrim is , 
w hich  i t  closely  resem bles. T h e  stem  is  lo n g  an d  
of considerab le  th ick n ess  in  p ro p o rtio n  to  .th e  size 
o f  th e  head. T h e  jo in ts  o f  th e  s tem  are  ind iv id u a lly  
lo n g  a n d  dice-box shaped , an d  be tw een  th e  jo in ts  
spaces a re  le f t  o n  e ith e r  side o f  th e  s tem  a lte rn a te ly , 
as in  B o u rg u e ttic r in u s  an d  in  th e  p en tac rin o id  of 
A n te d o n , fo r th e  in se rtio n  o f fascicles o f  con trac tile  
fibres. T ow ards th e  base  o f  th e  s tem  b ranches 
sp rin g  from  th e  u p p e r p a r t  o f  th e  jo in ts  ; and  these, 
eacli com posed o f  a  succession o f  g ra d u a lly  d im in ish 
in g  jo in ts , d iv ide an d  re -d iv ide  in to  a  b u n ch  of 
fib res, w hich  freq u en tly  e x p a n d  a t th e  ends in to  th in
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calcareous lam in æ , c lin g in g  to  sm all pieces o f  shell, 
g ra in s  o f san d — a n y th in g  w h ich  m ay  im prove  th e  
an cho rage  o f  th e  c rino id  in  th e  so ft m u d  w h ich  is 
n ea rly  u n iv e rsa l a t  g re a t dep ths.

I n  'Rhizocrinus th e  b asa l series o f  p la te s  o f  th e  
cup  a re  n o t d is tingu ishab le . T hey  a re  m asked  in  
a  closed r in g  a t  th e  top  o f  th e  s te m ; a n d  w h eth e r 
th e  r in g  be com posed o f  th e  fu sed  b asá is  a lone, o r 
o f a n  u p p e r s tem -jo in t w ith  th e  b asa is  w ith in  i t  
fo rm ing  a  ‘ ro se tte ,’ as in  th e  ca ly x  o f A n te d o n , is 
a  question  w h ich  can  o n ly  b e  so lved  b y  a  carefu l 
tra c in g  o f  successive stages o f  developm ent. T h e  
firs t ra d ia is  a re  likew ise  fused , a n d  fo rm  th e  u p p e r 
w ider p o rtio n  o f  th e  fu nne l-shaped  ca lyx . T h e  firs t 
rad ia is  a re  deep ly  excavated  above fo r th e  in se rtio n  
o f  th e  m uscles an d  lig am en ts  w h ich  u n ite  th e m  to  
th e  second ra d ia is  b y  a  t r u e  (o r m oveable) jo in t. 
O ne o f  th e  m o s t re m a rk a b le  p o in ts  in  connection  
w ith  th is  species is, t h a t  th e  f irs t  ra d ia is— th e  f irs t  
jo in ts  o f th e  a rm — are  v a ria b le  in  n u m b e r, som e 
exam ples h a v in g  fo u r  ra y s , som e five, som e six , an d  
a  very  sm all n u m b e r seven, in  th e  fo llow ing  p ro 
po rtions. O u t o f  seventy-five specim ens exam ined  
by  S ars, th e re  w ere—

15 w ith  4 arm s.

T h is  v a r ia b ility  in  so im p o r ta n t a  ch a rac te r , p a r 
tic u la r ly  w h en  assoc ia ted  w ith  so  g re a t  a  p re p o n 
derance  in  b u lk  o f  th e  v eg e ta tiv e  over th e  m ore 
specia lly  a n im a l p a r ts  o f th e  o rg an ism , m u s t u n 
d o u b ted ly  b e  accepted  as in d ic a tin g  a  d e te rio ra tio n
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from  th e  sy m m etry  an d  com pac tness o f th e  Apio- 
c r in id æ  o f th e  J u ra s s ic  period .

T h e  nnchylosed  r in g  o f firs t ra d ia is  is  succeeded by 
a t ie r  o f  free  second ra d ia is , w h ich  a re  u n ite d  by  a 
s tr a ig h t  syzvg ial s u tu re  to  th e  n e x t  series— th e  ra d ia l 
a x illa rie s . T h e  su rface  o f  th e  fu n n e l-sh ap ed  d ila ta tio n  
o f  th e  s tem , h eaded  b y  th e  r in g  o f  f irs t  rad ia is , is  
sm o o th  an d  u n ifo rm , a n d  th e  second ra d ia is  and 
ra d ia l ax illa rie s  p re se n t a sm o o th , reg u la rly -a rch ed  
o u te r  surface. T h e  ra d ia l ax illa rie s  differ from  th e  
co rresp o n d in g  jo in ts  in  m o s t o th e r  k n o w n  crino ids 
in  c o n tra c tin g  s lig h tly  above, p re se n tin g  on ly  one 
a r t ic u la t in g  face t, an d  g iv in g  o r ig in  to  a  s in g le  arm . 
T h e  a rm s , w h ich  in  th e  la rg e r  specim ens a re  fro m  10 
to  12 m m . in  le n g th , co n sis t o f  a  series o f  from  a b o u t 
tw e n ty -e ig h t to  th ir ty - fo u r  jo in ts , u n ifo rm ly  tr a n s 
versely  a rch ed  e x te rn a lly , a n d  deep ly  g rooved  w ith in  
to receive  th e  so ft p a r ts . E a c h  a l te rn a te  jo in t  bears 
a  p in n u le , th e  p in n u le s  a l te rn a tin g  o n  e i th e r  s ide  o f 
th e  ax is  o f  th e  a rm , a n d  th e  jo in t  w h ich  does n o t 
b ea r a  p in n u le  is  u n ite d  to  th e  p in n u le -b ea rin g  jo in t  
above i t  by  a  syzygy : th u s  jo in ts  w ith  m u scu la r 
co n n ec tio n s a n d  syzygies a l te rn a te  th ro u g h o u t th e  
w ho le  le n g th  o f  th e  arm .

T h e  p in n u le s , tw e lv e  to  fo u rte e n  in  n u m b e r , con
s is t  o f  a  u n ifo rm  series o f  m in u te  jo in ts , u n ite d  by  
m u sc u la r  connections. T h e  grooves o f  th e  a rm s  an d  
o f  th e  p in n u le s  a re  b o rd e red  b y  a  d o u b le  series o f 
d e lica te  ro u n d  fe n e s tra te d  ca lcareous p la te s , w h ich , 
w h en  th e  a n im a l is  co n trac ted  an d  a t  re s t, fo rm  a  
closely  im b ric a te d  covering  to  th e  n e rv e , a n d  th e  
ra d ia l vessel w ith  i ts  d e lica te  cæ cal ten tac le3 . T h e  
m o u th  is  p laced  in  th e  ce n tre  o f  th e  disk , a n d  ra d ia l
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canals, eq u a l in  n u m b e r to  th e  n u m b e r o f arm s, pass 
across th e  disk , an d  a re  co n tin u o u s  w ith  th e  arm - 
grooves. T h e  m o u th  is  su rro u n d e d  b y  a  row  of 
flex ib le  c irr i, a r ra n g e d  n ea rly  as in  th e  p en tac rin o id  
o f  A n te d o n , an d  is  p rov ided  w ith  five oval calcareous 
valve-like  p la te s  occupy ing  th e  in te r ra d ia l  ang les, 
a n d  closing  over th e  m o u th  a t  w ill. A  low  p ap illa  
in  one o f  th e  in te r ra d ia l  spaces in d ica te s  th e  position  
o f  th e  m in u te  ex c re to ry  orifice.

R h izo crin u s loffotensis  is  a  v e ry  in te re s tin g  add itio n  
to  th e  B r it ish  fauna . W e  m e t w ith  i t  in  th e  E æ roe  
C hannel in  th e  y e a r  18G9— th re e  exam ples, g rea tly  
m u tila te d , a t  a  d ep th  o f  530 fa thom s, w ith  a  b o tto m  
te m p e ra tu re  o f  60,4 C .,  S ta tio n  12 (1868). Several 
occurred  a tta c h e d  to  th e  b ea rd s  o f  th e  H oltenia}, o if 
th e  B u tt  o f th e  L ew s, an d  specim ens o f  considerab le 
size w ere dredged in  862 fa th o m s off C ape Clear. 
T h e  ra n g e  o f th is  species is  ev id en tly  v e ry  w ide. I t  
h a s  b een  d redged  b y  G. O. S ars  off th e  n o r th  o f 
N o rw a y ; b y  C o u n t P o u rta le s  in  th e  G u lf-s tream  off 
th e  coast o f F lo r id a ;  by  th e  N a tu ra lis ts  on  b o a rd  
th e  ‘ J o s e p h in e /  o n  th e  ‘ Jo sep h in e  B a n k /  n e a r  th e  
e n tra n c e  o f  th e  S tra i t  o f G ib ra lta r  ; an d  b y  ourselves 
betw een  S h e tlan d  an d  E æ roe , a n d  off U sh a n t and  
C ape C lear.

T h e  g en u s B a th ycr in u s  m u s t also  b e  re ferred  to  th e  
A p iocrin idæ , since th e  low er p o rtio n  o f  th e  h ead  con
sis ts  o f  a  g ra d u a lly  ex p an d in g  fu nne l-shaped  piece, 
w h ich  seem s to  b e  com posed o f coalesced u p p e r  stem - 
jo in t  s.

T h e  stem  of B a th y c r in u s  gracilis  (E ig . 73) is  lo n g  an d  
delica te  ; in  one exam ple  o f  a  s tem  alone, w h ich  cam e 
u p  in  th e  sam e h a u l w ith  th e  one n ea rly  p e rfec t speci-



F io . 7'2.— R h iz o c r in u s  lo ffo to u ié ,  M . S a r s .  O n c e  n n t l  n  lm l f  t h e  im tu ra l  s ize . (N o . 43 , lSfll».)
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m en  w h ich  w as p ro cu red , i t  w as 90  m m . in  leng th . 
T h e  jo in ts  a re  d ice-box shaped , as in  R h izo c r in u s  
lo n g  a n d  d e lica te  tow ards th e  low er p a r t  o f  th e  stem , 
3 ’0  m m . in  le n g th  b y  0 ’5 in  w id th  in  th e  cen tre  
o f  th e  jo in t ,  th e  en d s  ex p a n d in g  to  a  w id th  o f 
1#0  m m . A s in  R hizocrinus , th e  jo in ts  o f  th e  stem  
d im in ish  in  le n g th  to w ard s  th e  head , an d  add itions 
a re  m ade in  th e  fo rm  o f  ca lcareous lam in æ  b en ea th  
th e  coalesced jo in ts  w h ich  fo rm  th e  base  o f th e  cup.

T h e  f irs t  ra d ia is  a re  five in  n u m b er. T h ey  are  
closely  apposed , b u t  th e y  do n o t seem  to  b e  fused 
as in  R h izo crin u s , s ince th e  su tu re s  show  q u ite  d is
tin c tly . T h e  ce n tre  o f  each  o f  th e se  firs t rad ia is  rises 
in to  a  sh a rp  keel, w hile  th e  sides a r e  s lig h tly  de
p ressed  to w ard s  th e  su tu re , w h ich  g ives th e  ca lyx  a 
flu ted  ap p earan ce , lik e  a  fo lded  filte r-p ap er. T h e  
second rad ia is  a re  long , a n d  free  fro m  one  an o th e r, 
jo in in g  th e  ra d ia l ax illa rie s  b y  a  s tr a ig h t  syzyg ial 
un ion . T hey  a re  m o s t p ec u lia r  in  fo rm . A  s tro n g  
p la te -lik e  k ee l ru n s  dow n th e  c e n tre  o f  th e  o u te r  
su rfaces, an d  th e  jo in t  is  deeply  ex cav a ted  o n  e ith e r  
side, r is in g  a g a in  s lig h tly  tow ards th e  edges. T h e  
ra d ia l a x illa ry  show s a  c o n tin u a tio n  o f  th e  sam e keel 
th ro u g h  i ts  low er ha lf, an d  m idw ay  u p  th e  jo in t  th e  
keel b ifu rca tes , leav in g  a  v e ry  c h a rac te r is tic  d iam ond
shaped  space in  th e  cen tre , to w ard s  th e  to p  o f  th e  
jo in t  ; tw o  facets a re  th u s  fo rm ed  fo r th e  in se rtio n  o f 
tw o  firs t ra d ia is  ; th e  n u m b e r o f  a rm s is  the re fo re  
ten . T h e  a rm s a re  p e rfec tly  sim ple , an d  in  o u r  s in g le  
specim en  co n sis t o f  tw elve jo in ts  each . T h e re  is  no 
tra c e  o f  p in n u le s , an d  th e  a rm s resem b le  in  c h a ra c te r  
th e  p in n u les  o f  R h izo crin u s . T h e  f irs t  b ra c h ia l is  
u n ite d  to  th e  second by  a  syzyg ia l jo in t , b u t  a f te r
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F . ü .  73 .— lh U h fc r i n u $  y r u c i lU ,  W  w i l l e  T u o i i b o n .  T w lc o  t l i c  n a t u r a l  - i « .  (N o .  3 7 ,1 8 6 9 .)
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t h a t  th e  syzygies a re  n o t  repeated , so th a t  th e re  is 
on ly  one o f th ese  p ecu lia r ju n c tio n s  in  each  arm . 
T h e  arm -grooves a re  ho rdered  by  c irc u la r fenes
tra te d  p la tes , as in  R hizocrinus.

C erta in  m ark ed  .resem blances i n  th e  s tru c tu re  of 
th e  stem , in  th e  s tru c tu re  o f t h e . base o f  th e  cup, 
an d  in  th e  form  an d  a rra n g e m e n t o f  th e  u lt im a te  
p a r ts  o f  th e  arm s, ev iden tly  associa te  B a th ycrin u s  
w ith  R hizocrinus, b u t  th e  differences a re  v e ry  w ide. 
F iv e  free kee led  an d  sc u lp tu re d  f irs t  ra d ia is  rep lace 
th e  u n ifo rm  sm o o th  r in g  fo rm ed  b y  th ese  p la tes  
in  R h izo co n u s . T h e  ra d ia l ax illa rie s  g ive off each 
tw o  arm s, th u s  re c u rr in g  to  th e  m ore  u su a l a rra n g e 
m e n t in  th e  o rder, and  th e  a l te rn a te  syzygies on 
th e  arm s, w h ich  fo rm  so  re m a rk a b le  a  c h a ra c te r  in  
R h izo co n u s , a re  ab sen t.

O n ly  one n e a rly  com plete  spec im en  a n d  a  de
tach e d  stem  o f  th is  v e ry  re m a rk ab le  species w ere 
m e t w ith , an d  th e y  w ere b o th  b ro u g h t u p  fro m  th e  
v e ry  g re a te s t  d ep th  Avhich h as  as y e t  b ee n  reached  
w ith  th e  dredge, 2 ,435 fa th o m s, a t  th e  m o u th  o f 
th e  B ay  o f  B iscay , 200 m iles  so u th  o f  C ape C lear.

I t  w ould seem, in  o u r  p re se n t s ta te  o f  know ledge, 
t h a t  th e  s ta lk e d  crino ids a re  m em b ers  o f  th e  deep- 
sea fau n a . A  second spec im en  o f  a n o th e r  very  
re m a rk ab le  fo rm , H olopus rang i, D ’O b b ig n y , h as  
la te ly  beén  p ro cu red  fro m  deep w a te r  off B arbadoes, 
a n d  th a t  species, w ith  th o se  a lread y  n o te d , m akes 
u p  th e  ta le  o f  l iv in g  fo rm s b e lo n g in g  to  th e  o rder 
w h ich  a re  k n o w n  a t  th e  p re se n t tim e . I t  is  unw ise  
to  p ro p h e sy ; b u t  w h en  w e consider t h a t  th e  f irs t  
few  scrapes o f  th e  d redge a t  g re a t  d ep th s  h av e  
added  tw o  re m a rk ab le  new  species to  th e  liv in g
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representatives of th is group, u n til now supposed 
to be on th e  verge of extinction, and th a t  all the 
know n species are from  depths beyond th e  lim it 
of ordinary dredging, we are led to  anticipate th a t 
crinoids m ay probably form  ra th e r an  im portant 
elem ent in  th e  abyssal fauna.

Fxo. 74.— Archaster bifrons, W w i l l e  T h o m s o n .  O ral nspput. Three-fourths th e  n a tu ra l si to.
(No. 07, 1SC9. )

T he general d istribu tion  of th e  deep sea Asteridea 
has already been referred to. Perhaps th e  most 
obvious peculiarity  w hich they  present is th e  great 
preponderance of th e  genera Astrogonium , Archaster, 
Astropecten , and  th e ir  allies. Genera belonging 
to o ther groups do n o t apparently  become less
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num erous, for species of Asteracanthion , Cribrella, 
Asteriscus, and Ophidiaster are as abundan t as they 
are a t  lesser depths ; b u t as we go down new species 
w ith  tesselated m ailing on th e  disk and  massive 
m arginal plates seem to  be perpetually  added. In  
our own seas some few very characteristic forms, 
such as Astrogonium  phrygianum  and  A rchaster  
andromeda and  parellii, are on th e  verge of th e  deep 
water, and  are now and th e n  taken  a t  the outer 
lim it of shore dredging, or on fishing-lines ; while in  
th e  deep w ater a ll along th e  no rth  and  w est of Scot
land Astrogonium  granulare , Archaster tenuispinus, 
and Astropecten arcticus abound, and th e  dredge 
is enriched from  tim e to  tim e w ith  exam ples of such 
form s as Archaster bifrons (Fig. 74), A . vexillifer, and 
Astrogonium longimanum , M o b i u s .  M any additions 
have been made to  th e  singular little  group of which 
Pteraster  m ay l>e taken  as a  type, bu t I  am  inclined

to  th in k  th a t  these are to 
be referred along w ith  most 
of th e  characteristic O phiu- 
ridans ra th e r to  a fauna in 
habiting  m edian depths, and 
coming w ith in  range of th e  
n a tu ra lis t’s dredge on the 
coast of Scandinavia, than  
to  th e  abyssal fa u n a ; and

F io . 75 -S o la s te r  furcifer, Vom D u b in  ^  ’
“1>oot- Natural su«, th e  same m ay be said of a 

few other forms, such as 
Solaster fu rc ife r  (Fig. 75), and Pedicellaster typicus 
which, although beyond th e  200-fathom line on th e  
coast of B ritain , do no t appear to  have a great 
range of depth.
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Twenty-six: Echinideans were observed during  the 
4 L igh tn ing  ’ and  4 P o rcu p in e ’ cruises off th e  coasts 
of B rita in  and P o rtu g a l a t  depths rang ing  from  100 
to  2,435 fathom s, a t  w hich la tte r  depth  th e  group 
was represented by a  sm all variety  of Echinus nor
vegicus, and  a  young exam ple o f Brissopsis lyrifera .

A m ong th e  Cidaridæ, Cidaris pap illa ta , L e s k e ,  

occurs in  enorm ous num bers over hard  ground, a t 
depths from 100 to  400 fathom s. This species has 
a  very wide range, inhab iting  an  apparently  u n 
broken be lt from  th e  N orth  Cape to  th e  S tra it of 
G ibraltar, and th en  passing in to  th e  M editerranean. 
This is a  variable form, w ith in  narrow  lim its of 
variation. The southern  specimens gradually  pass 
into th e  form ,— it  can scarcely be called a  variety,— 
which is th e  type of Lam arck’s species, C. hystrix . 
Cidaris affinis, P h i l i p p i ,  is very common in  the 
M editerranean, especially along th e  A frican coast. 
I  th in k  th is p re tty  little  form m ust for the 
present be considered distinct. The body spines 
are b righ t scarlet, and th e  long spines, in  m arked 
specimens, are brow n banded w ith  red or rose, so 
th a t  it  is a singularly  p re tty  object.

The genus Borocidaris and th e  th ree  species of the 
fam ily Echinothuridae, and  th e ir  in teresting  relations 
to  fossil forms, have already been considered; bu t 
even these are scarcely m ore suggestive of early 
tim es th a n  two genera of irregu lar urchins, one 
dredged off th e  coast of Scotland, and th e  other a t 
th e  m outh  of th e  E nglish  Channel.

The first of these is Pourtalesia , one species of 
which, P .  je ffreysi, has already been figured and 
described (p. 108). According to the classification of
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Desor, wliicb makes th e  disjunct arrangem ent of the 
am bulacra a t  th e  apex th e  test character of the 
Dysasteridæ, th is  genus should be referred to  th a t 
group, for th e  apical disk is tru ly  decomposed as in 
D ysaster and Collyrites, and no t merely drawn out 
as in  Ananchytes. P rom  th e  arrangem ent and  form 
of th e  pore areas, however, .and th e  general appear
ance and hab it of th e  anim al, I  am  inclined to  th ink  
w ith A lexander Agassiz, th a t its  affinities are more 
w ith such forms as In fu laster. Pourtalesia  m ust be 
aberran t in  whatever group i t  m ay be placed.

The other genus Neolampas, A. A g., associates itself 
w ith  th e  Cassidulidæ in  v irtue  of th e  nearly  central 
pentagonal m outh w ith  a tolerably d istinct flocelle, 
th e  anal opening a t th e  bottom  of a  deep posterior 
groove excavated in  a  projecting rostellum , th e  nar
row am bulacral areas, and th e  sm all compact group 
of apical plates ; b u t i t  differs from  all know n genera 
of th e  family, living or extinct, in  having no trace of 
a  petaloid arrangem ent of th e  am bulacra, w hich are 
reduced on th e  apical surface of th e  te s t to  a single 
pore passing th rough  each am bulacral p late, and 
thus form ing a double row  of a lternating  simple 
pores for each am bulacral area. I  th in k  I  am  rig h t 
in  identifying a single specimen, nearly 20 m m . in 
length , w hich we dredged in  800 fathom s w ater a t 
th e  m outh  of th e  Channel, w ith  th e  species dredged 
by Count Pourtales a t  depths from  100 to  150 
fathom s, in  th e  S tra it of F lorida, and  described by 
Alexander Agassiz under th e  nam e of Neolampas 
rostellatus.

O f th e  tw enty-six Echinoderm s dredged from  th e  
4 Porcupine,’ six—Echinus flem ingii, Echinus esculen-
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las, Psammechinus m iliaris, Echinocyamus angulatus, 
A m phidetus cordatus, and  Spatangus purpureus—may 
be regarded as denizens of m oderate depths in  the 
‘ Celtic province,’ recent observations having* merely 
shown th a t they  have a  somewhat greater range in 
depth  th a n  was previously supposed. Probably Spa
tangus raschi m ay be an  essentially deep-water form 
having its  head-quarters in  the same region. Seven 
species — Cidaris papilla ta , Echinus elegans, E . nor
vegicus, E . rarispina, E . microstoma, .Brissopsis lyri
fera, and  Tripylus fra g ilis—are m em bers of a  fauna 
of in term ediate depth  ; and all, w ith  th e  doubtful ex
am ple of Echinus microstoma, have been observed in  
com paratively shallow w ater off th e  coasts of Scan
dinavia. P ive  species— Cidaris affinis, Echinus melo, 
Toxopneustes brevispihos2ts, Psammechimts micro
tuberculatus, and Schizaster canaliferus— are recog
nized m embers of th e  L usitan ian  and M editerranean 
faunæ  ; and  seven—Porocidaris purpurata , Phor
mosoma placenta, Calveria hystrix, C. fenestrata , 
Neolampas rostellatus, Pourtalesia je ffreysi, and P . 
phiale—are forms which have been for th e  first tim e 
brought to  lig h t during  th e  la te  deep-sea dredging 
operations, w hether on th is  or on the o ther side of 
the A tlan tic . There seems li t t le  doubt th a t  these 
m u st be referred to  th e  abyssal fauna, upon whose 
confines we are now only beginning to  encroach. 
Three of th e  m ost rem arkable generic forms— Cal
veria, Neolampas, and  Pourtalesia—have been found 
by A lexander Agassiz am ong th e  results of th e  deep 
dredging operations of C ount Pourtales in  th e  S trait 
of F lorida, showing a  wide la tera l distribution, while 
even a deeper in terest attaches to th e  fact th a t
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while one family type, th e  Echinolhuridœ , has been 
h itherto  only known in  a fossil state, the entire 
group find nearer allies in  th e  ex tinct faunæ  of the 
chalk or of the earlier tertiaries th a n  in  th a t of 
the present period.

As I  have already said, th e  mollusca procured 
during th e  th ree years’ dredging are in  th e  hands 
of M r. Gwyn Jeffreys for identification and descrip
tion. From  th e  large num ber of new species, and 
from th e  complicated relations which m any of th e  
forms from  deep w ater bear to  species now widely 
separated from them  in  space, or belonging to  past 
geological periods, th e  ta sk  will be a  difficult one, 
and we cannot expect its  com pletion for some tim e 
to  come. I n  th e  meanwhile, M r. Gwyn Jeffreys 
has published several prelim inary sketches which 
are fu ll of prom ise th a t  his complete results will 
be of th e  highest interest.

M r. Gwyn Jeffreys believes th a t  th e  deep-water 
m ollusca which were dredged th roughou t th e  whole of 
th e  area examined from  th e  F æ roe Islands to  th e  coast 
o f Spain, are alm ost all of no rthern  origin. M ost of 
th e  species which have been already described were 
previously known from  th e  Scandinavian seas, and 
m any of th e  undescribed species belong to  northern  
genera. H e points ou t th a t  th e  m olluscan fauna 
of th e  A rctic Sea is as yet alm ost unknow n ; b u t he 
reasons from  th e  large collections m ade a t  Spitz
bergen by Professor Torell, and  from th e  fact th a t 
fragm ents o f m ollusca have been b ro u g h t up  in  
m any deep-sea soundings w ith in  th e  A rctic circle, 
th a t  th e  fauna is probably varied and  rich. H e 
instances soundings taken  in  1868 by th e  Swedish
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A rctic Expedition, which reached 2,600 fathoms, 
when a  Cuma and a  fragm ent of an  A starte  came up 
in  th e  ‘ Bulldog ’ m achine. H e adds, “ I t  is evident 
th a t tlie m ajority , if  no t th e  whole of our submarine 
(as contradistinguished from  litto ra l or phytopha
gous), m ollusca originated in  th e  N orth , whence they 
have in  th e  course of tim e been transported  south
wards by th e  great A rctic currents. M any of them  
appear to  have found th e ir way into  th e  M editerra
nean, or to  have left th e ir rem ains in  th e  te rtia ry  or 
quaternary  form ations of th e  south of I ta ly  ; some 
have even m igrated in to  th e  G ulf of M exico.”

I  have great hesitation  in  questioning any of the 
conclusions of my friend M r. Gwyn Jeffreys on a 
subject in  which he is so excellent an  authority , 
b u t I  confess I  do n o t qu ite  see th e  cogency of his 
reasoning on th is  point. I t  would seem ra th e r th a t 
th e  last change in th e  m olluscan fauna of th e  B ritish 
urea, a t m oderate depths, consisted in  th e  retirem ent 
of no rthern  species a t  th e  close of th e  glacial period 
and th e  im m igration  o f southern  forms. The qua
ternary  beds of th e  Clyde d istric t contain  a  rich 
assemblage of m ollusca ; those of th e  neighbourhood 
of llo thesay  especially representing  th e  deeper p a rt 
of th e  L am inarían  and  th e  Coralline zone. The 
broad characteristic of th e  fauna of th is  bed is

»

th a t m any of th e  m ost num erous species—for 
exam ple, Pecten islandicus, Tellina calcarea, and 
N atica  clausa—are  now ex tinct in  th e  seas of 
B ritain , bu t are still m et w ith  in  abundance in  the 
seas of Scandinavia and Labrador ; while m any forms 
now extrem ely common in  th e  B ritish  seas and 
having a  southern extension are entirely absent.
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W e found some of th e  glacial shells of th e  Clyde 
beds living on th e  no rthern  ou tsk irts of our region, 
— Tellina calcarea, for instance, was very common 
in  some of th e  P jords in  F ftroe. I t  seems evident 
th a t  th is fauna quietly  retreated  northw ards in  the 
face of slowly altering  circum stances. Such an 
instance of change of fauna, which we are able in 
a  great degree to  trace  step by step, has an  in terest
ing  hearing upon  th e  great question of th e  contem
poraneity  of beds containing generally th e  same 
fauna a t  d istan t localities. W e can w ell im agine 
th a t a  block of perfectly recent s ilt m igh t be brought 
from  a  locality  on th e  verge of th e  A rctic  circle, 
im bedding precisely th e  same species of mollusca 
as those contained in  a block of th e  Clyde glacial 
clay, and th e  m ineral character of th e  m atrix  in  
th e  tw o cases m igh t correspond m ost closely ; apply
in g  th e  ordinary geological ru le , those tw o blocks 
agreeing in  th e ir  palaeontological characters ought 
to  be contem poraneous,—b u t we know th a t  while 
th e  northern  silt belongs to  th e  present period, th e  
B ritish  glacial clays are overlain by a  deep series 
of m odern deposits, representing th e  lapse of a 
period of tim e considerable even in  a  geological 
sense, and containing a  fauna of a  very different 
character. This is no doubt a  com paratively trifling  
case, involving beds of no great depth  or im port
ance, b u t i t  is a case in  w hich two beds correspond 
palæontologically, and y e t we know  th a t  they  are 
not contemporaneous from one of them  being overlain 
by a considerable thickness of new er stra ta , while the 
other is now form ing, and  th u s  furnishes a date, a 
rare and  valuable th in g  in  geology.
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I  have already pointed ou t th a t in  reasoning upon 
th e  ground of id en tity  of deep-sea forms w ith  species 
h itherto  found in  Scandinavia, we m u st remember 
th a t  th e  conditions of tem peratu re  of our southern 
seas a t g rea t depths—th e  conditions w hich appear to 
have th e  g reatest influence upon th e  d istribu tion  of 
species—correspond very closely w ith  those of m uch 
shallower w ater in  th e  Scandinavian seas ; and th a t 
consequently th e  corresponding fauna in  th e  northern  
regions was m uch earlier, and  is s till m uch better 
known. M r. Gwyn Jeffreys lays g reat stress upon 
th e  g reater num bers and th e  greater development 
in  size and in  prom inent characters of sculpture and 
o ther ornam ent, of th e  A rctic examples of species 
common to  our deep w ater. This is no doubt often 
th e  case, b u t we m ust adm it th a t  in  m any  groups, 
and  particu larly  am ong th e  mollusca, there  is a 
tendency to  dwarfing in  deep w ater, and  I  should 
th in k  i t  very possible th a t  a species m ay atta in  
a  greater size and development in  th a t  region where 
its zone of special tem perature  conditions comes 
nearest th e  surface,—m ost under th e  influence of 
a ir  and ligh t.

M any of th e  m ollusca from  th e  deep w ater have 
h itherto  been found only in  th e  northern  portions of 
th e  area examined, and are generally allied to  northern 
forms. As examples of th is group I  m ay m ention 
tw o in teresting  additions to  th e  already famous Shet
land  fauna, Buccinopsis striata , J e f f r e y s  (Fig. 7 6 ) , 
a form  som ewhat allied to  Buccinopsis dalei, which 
has long been one of th e  prizes of th e  Shetland seas, 
and  L a tirus albus, J e f f r e y s  (Fig. 77), known also 
from th e  coast of Norway. Cerithium granosum , S.
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V. W ood, also common to  Norway and Shetland, 
is found fossil in  th e  coralline and red crag, and 
Fusus sarsi, J e f f r e y s ,  common to  Shetland and 
Norway, is found fossil a t B ridlington.

Severa] species have h ith erto  been known only 
from  th e  south, and Mr. Jeffreys finds a  difficulty 
in  accounting for th e ir  presence. Thus, Tellina com
pressa , B r o c g í i i ,  is know n from  th e  C anary Islands 
and th e  M editerranean, and is fossil in  th e  newer 
I ta lian  tertiaries. Verticordia acuticostata, P h i l i p p i ,

F io . 70.— Uuccivopsis striata, J u i B i v i .  Fxo. 77.—L a t in s  albus, JurrnRva.
Ftcroo Channel. Twice th e  na tu ra l eizo. Fièroo

Channel.

I  have already referred to  as being found on the 
coasts of P o rtu g a l and of Jap an . I t  is a  common 
fossil in  th e  coralline ctfag of Calabria. The m ol
lusca w hich are of the* m ost special in terest, how
ever, are those which we m ust refer to  th e  abyssal 
fauna. A bout th is  group Awe know as y e t very 
little . Like th e  Echinoderm s, 4hey seem to  be special, 
and to  have a  wide la te ra l extension. Pleuronectia  
lucida , J e f f r e y s  (Fig. 78), a  p re tty  little  clam  be
longing to  tlie Pecten pleuronectes set, is figured 
both  from th e  N orth A tlan tic  and from  th e  G ulf of
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Mexico. T he abyssal mollusca are by no means de
void of colour, though, as a  rule, they  are paler than  
those from  shallow w ater. D acrydium  vitreum— 
a curious little  m ytiloid shell-fish which makes and 
inhabits a delicate flask-shaped tube of foraminifera,

F io .  TS.— P leu ro n ec tia  lu rh la ,  J e f f r e y * .  T w ice th e  n a tu ra l  size. n . from  llio  E a s te rn  A tlan tic  ;
b, from  th e  G u lf o f  Moxloo.

sponge spicules, coccoliths, and o ther foreign? bodies, 
cemented together by organic m atter and lined by a 
delicate m em brane—is of a  fine reddish brown colour 
dashed w ith  green, from 2,435 fa thom s; and the

K io . 70. — Tec t o i  hoskin i*!, F o r r e s .  Tw ice th e  n a tu ra l size.

anim als of one or two species of L im a  from extreme 
depths a re  of the usual vivid orange scarlet. N either 
are the abyssal mollusca universally destitu te of eyes. 
A new species of Pleurotoma  from  2,090 fathom s had  
a pair of well-developed eyes on short footstalks ; and
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a Fusus from  1,207 fathom s was sim ilarly provided. 
The presence of organs of sight a t  these g reat depths 
leaves little  room to  doubt th a t ligh t m ust reach even 
these abysses from some source. F rom  m any con
siderations i t  can scarcely be sun-light. I  have 
already throw n ou t the suggestion th a t  th e  whole 
of th e  ligh t beyond a  certain  depth  m ight be due 
to  phosphorescence, which is certainly very general, 
particularly  am ong th e  larvae and  young of deep- 
sea an im als; b u t th e  question is one of extrem e 
in terest and difficulty, and w ill require careful in
vestigation.

H U M M I, K l 'N I I ,  A N I»  K A L S o ,  F R O M  T I I K  I IA M I .K T  O K  V I P W I Ö .



CHAPTER X.

T H E  C O N T I N U I T Y  O F  T H E  C H A L K .

P o in ts  o f Resem blance betw een th e  A tlan tic  Ooze and  th e  W hite  
C halk .— Differences betw een them .— Composition o f C halk.— The 
D octrine o f th e  C ontinu ity  of th e  C halk.— Objections.— A rgum ents 
in  favour o f th e  V iew  from  Physical Geology an d  Geography.—  
Form er D is trib u tio n  o f  Sea an d  L and .— Palæontological Evidence. 
— C halk-flints.— M odern Sponges, and  V en tricu lites.— Corals.—  
Echinoderm s.— M ollusca.— Opinions o f Professor H uxley  an d  M r. 
P restw ich .— T he Com position o f Sea-water.— Presence o f Organic 
M atter.— A nalysis o f th e  contained Gases.— Differences o f Specific 
G ravi t}r.-^-Conclusion.

A p p e n d i x  A .— Sum m ary o f the  R esults o f th e  Exam ination o f Samples 
o f Sea-water tak en  a t  th e  Surface an d  a t  various D epths. B y  
W illiam  L a n t C arpenter, B. A ., B.Sc.

A p p e n d i x  B .— R esu lts  o f th e  A nalyses o f E ig h t Sam ples o f  Sea-water 
collected du rin g  th e  T h ird  C ruise o f  th e  ‘ Porcupine.’ B y  D r. 
F rank land , F .R .S.

A p p e n d i x  C .—N otes on  Specim ens o f th e  B ottom  collected during 
th e  F ir s t  C ruise o f th e  ‘ P o rcu p in e’ in  1869. B y  D av id  Forbes, 
F .R .S .

A p p e n d i x  D .— N ote  on th e  Carbonic A cid  contained in  Sea-water. 
By Jo h n  Y oung B uchanan , M .A ., C hem ist to  th e  ‘ C hullenger’ 
Expedition .

V e r y  s p e e d i l y  a f t e r  t h e  f i r s t  s a m p l e s  o f  t h e  b o t t o m  o f  

t h e  m i d - A t l a n t i c  h a d  b e e n  b r o u g h t  u p  b y  t h e  s o u n d 

i n g - l i n e ,  a n d  s u b m i t t e d  t o  c h e m i c a l  a n a l y s i s  a n d



4GS T H E  D E P T H S  O F  T H E  SE A . [ c h a p . X.

to  microscopical exam ination, m any observers were 
struck  w ith th e  great sim ilarity  between its composi
tion and structu re  and th a t of th e  ancient chalk. I  
have already described th e  general character and the 
mode of origin  of th e  great calcareous deposit which 
seems to occupy th e  greater p a r t of th e  bed of the 
A tlantic. I f  we take  a piece of th e  ordinary  soft 
w hite chalk of th e  south of England, wash it down 
w ith a brush in  water, and  place a  drop of the 
m ilky product on th e  slide of a  microscope, we find 
th a t i t  consists, like th e  A tlan tic  ooze, of a large pro
portion of fine am orphous particles of lime, w ith  here 
and th e re  a  portion  of a Globigerina shell, and more 
rarely one of these shells entire, and a  considerable 
proportion—in  some exam ples coming up  to nearly 
one-tenth of th e  whole—of * coccoliths/ which are 
indistinguishable from  those of th e  ooze. A ltogether 
two slides—one of washed down w hite chalk, and 
th e  other of A tlan tic  ooze—resemble one another so 
clearly, th a t i t  is no t always easy for even an  accom
plished microscopist to  distinguish them . The nature 
of chalk can also be well shown, as has been done by 
Ehrenberg and Sorby, by cu tting  i t  in to  th in  dia
phanous slices, w hen th e  mode of aggregation of the 
different m aterials can be readily demonstrated.

B ut while successive observers have b rough t out 
more and more clearly those resemblances,—suffi
ciently strik ing  to place i t  beyond a doubt th a t  the 
chalk of th e  cretaceous period and  th e  chalk-m ud óf 
th e  m odern A tlan tic  are substantially  th e  same,— a 
more careful investigation shows th a t there are very 
im portant differences between them . The w hite chalk 
is very homogeneous, more so perhaps th an  any other
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sedim entary rock, and m ay be said to  be alm ost pure 
carbonate of lime. I  quote an  analysis of th e  white 
chalk  of Shoreham  (Sussex), by M r. D avid Forbes.1

Culcium c a r b o n a t e .................................................98*40
M agnesium  c a r b o n a t e .............................................0*08
In so lub le  rock  d é b r i s ............................................. 1*10
A lu m in a  an d  l o s s ................................................... 0*42

100*00

E ven th e  grey chalk of Folkestone contains a very 
large proportion of carbonate of lime, th e  o ther sub
stances existing  merely as im purities w hich can 
scarcely be said to  en ter in to  th e  composition of the 
rock. The following is an  analysis by M r. Forbes of 
th e  base of th e  Folkestone grey chalk :—

C alcium  c a r b o n a t e ................................................. 94*09
M agnesium  c a r b o n a t e ............................................. 0*31
In so lu b le  ro ck  d e b r i s ..............................................3*61
P ho sp h o ric  a c i d ................................................ ï
A lu m in a  an d  l o s s ......................................... ƒ a  11106
Sodium  c h lo r id e ..........................................................1*29
W a t e r ............................................................................ 0*70

100*00

The m ost rem arkable po in t in  th is  analysis is th a t 
while w hite chalk is alm ost always associated w ith 
chert and flin ts, th e  chalk itse lf does no t contain  a 
particle  of silica.

The chalk-m ud of th e  A tlan tic  on th e  other hand 
contains no t m ore th a n  GO per cent, of calcium  car
bonate, w ith  20 to  30 per cent, of silica, and varying 
proportions of alum ina, m agnesia, and oxide of iron. 
W e m u st rem em ber, however, th a t  in  th e  English

1 Q uoted in  Mr. P rcs tw ich ’s  P residen tia l A ddress, 1871.
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cliffs we have th e  chalk in  its very purest form, and 
th a t in  various parts of th e  w orld it  assumes a very 
different character, and contains carbonate of lime in 
very different proportions. M r. Prestw ich instances 
a bed 28 to  30 feet thick of th e  w hite chalk (Terrain 
Senonien) of Touraine, in  which carbonate of lim e is 
entirely absent.

There can be no doubt w hatever th a t we have 
forming a t  th e  bottom  of the present ocean, a  vast 
sheet of rock which very closely resembles chalk ; 
and there can be as little  doubt th a t  th e  old chalk, 
th e  cretaceous form ation which in  some parts of Eng
land has been subjected to  enormous denudation, and 
which is overlaid by th e  beds of th e  te rtia ry  series, 
was'produced in  th e  same m anner, and  under closely 
sim ilar circum stances; and not th e  chalk only, but 
most probably all th e  great limestone formations. In  
almost all of these th e  rem ains of foram inifera are 
abundant, some of them  apparently  specifically iden
tical w ith living forms ; and in  a  large num ber of 
limestones of a ll ages D r. Güm bel has detected the 
characteristic ‘ coccoliths.’

Long before commencing th e  present investigation, 
certain considerations had led m e to  regard  i t  as 
h ighly probable th a t in  th e  deeper p arts  of th e  A t
lantic a deposit, differing possibly from tim e to  tim e 
in composition b u t always of th e  same general cha
racter, m ight have been accum ulating  continuously 
from the cretaceous or even earlier periods to  the 
present day. This view I  suggested in  my first le tter 
to Dr. C arpenter u rg ing  th e  exploration of th e  sea
bed ; and from th e  first i t  has had  th e  cordial support 
of my colleague, whose in tim ate  acquaintance with
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some of th e  anim al groups whose rem ains en ter m ost 
largely in to  th e  chalk both  old and new, makes his 
opinion on such a  question particularly  valuable.

O n our re tu rn  from  the ‘ L igh tn ing  ’ cruise, during 
which we believed th a t  our speculation had received 
strong  confirm ation, we used th e  expression,—perhaps 
som ewhat an  unfortunate  one since i t  was capable of 
m isconstruction,—th a t  we m ight be regarded in  a 
certain  sense as still living in  th e  cretaceous period. 
Several very em inent geologists, among whom were 
S ir Roderick M urchison and Sir Charles Lyell, took 
exception to  th is  statem ent ; b u t i t  seems th a t the ir 
censure was directed less against th e  opinion th an  
th e  mode in  which i t  was expressed ; and I  th in k  I  
m ay say th a t th e  doctrine of the continuity of the 
chalk, in  th e  sense in  which we understood it, is  now 
very generally accepted.

I  do no t m ain tain  th a t th e  phrase ‘ we are still 
living in  th e  cretaceous epoch,’ is defensible in  a 
stric tly  scientific sense, chiefly because th e  term s 
‘ geological epoch ’ and ‘ geological period ’ are 
thoroughly indefinite. W e speak indifferently of 
the ‘ S ilurian  period,’ and th e  ‘ G lacial period,* w ith
ou t consideration of the ir to tally  unequal value; 
and  of th e  ‘ T ertiary  period,’ and  of th e  ‘ Miocene 
period,’ a lthough th e  one includes th e  other. The 
expression is intended ra th e r in  a  popular sense 
to  meet w hat was certainly u n til very lately the 
general popular impression, th a t a geological period 
has, in  th e  region where i t  has been studied and 
defined, som ething like a beginning and an  end ; 
th a t it  is bounded by periods of change—elevation, 
denudation, or some other evidence of the lapse of
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unrecorded tim e ; and th a t  it  would be inadmissible 
to  speak of two portions of th e  same continuous 
deposit, however d istan t th e  tim es of th e ir deposition 
m ight be, and however d istinct th e ir imbedded 
faunæ, as belonging to  different ‘Geological periods/

I t  was certainly in  th is  sense th a t  in  an  address to 
a popular audience in  A pril 1869 I  ventured  to  state 
m y belief th a t i t  is no t only chalk which is being 
formed in  th e  A tlan tic , “ b u t the chalk, th e  chalk of 
th e  cretaceous period/* Sir Charles Lyell says, in 
sum m ing up h is objections to  th is  view,1 “ The 
reader w ill a t  once perceive th a t  th e  present A tlantic, 
Pacific, and  In d ian  oceans, are geographical term s 
which m ust be wholly w ithou t m eaning w hen applied 
to  tlie eocene, and s till m ore to  th e  cretaceous period, 
so th a t  to ta lk  of th e  chalk having been unin ter
ruptedly  formed in  th e  A tlan tic  is as inadm issible in 
a geographical as in  a  geological sense/* I  confess 
I  do n o t see the geographical difficulty ; the 
“ A tlan tic  ocean** is, undoubtedly, a geographical 
term , b u t the depression under discussion occupies 
th e  area a t  present expressed by th a t  term , and  to 
use i t  seems to  be th e  sim plest w ay of indicating  its 
position. W e believe th a t  th e  balance of probability 
is greatly  in  favour of th e  chalk having been un in 
terrup ted ly  form ing over some parts of th e  area in  
question, and  our belief is founded upon m any con
siderations, physical and palæontological.

A ll th e  principal axes of elevation in  th e  no rth  of 
Europe and in  N o rth  A m erica have a  date long an
terior to  th e  deposition of th e  te rtia ry , or even of th e

1 T h e  S tu d en t’s  E lem en ts  o f Geology. B y  S ir  C harles Lyell, B art., 
F .R .S . London, 1871. P .  265.
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new er secondary beds, a lthough some of them , such as 
th e  A lps and  th e  Pyrenees, have received great acces
sions to  th e ir  he igh t in  la te r tim es. All these newer 
beds have therefore been deposited w ith  a  certain  re
la tion  in  position to  certain  m ain features of contour 
which are m aintained to  th e  present day. M any oscil
lations have doubtless taken  place since, and every 
spot on th e  European p lateau  m ay have probably 
alternated  m any tim es between sea and land ; b u t i t  is 
difficult to  show th a t  these oscillations have occurred 
in  th e  n o rth  of E urope to  a greater ex ten t th a n  from
4,000 to  5,000 feet, th e  extrem e vertical distance be
tw een th e  base of th e  tertiaries and th e  highest poin t 
a t  w hich te rtia ry  or post-tertiary  shells are found on 
th e  slopes and ridges of m ountains. A  subsidence of 
even 1,000 feet would, however, be sufficient to  pro
duce over m ost of th e  northern  land a sea 100 fathom s 
deep, deeper th a n  th e  Germ an Ocean ; and an  eleva
tion  to  a like am ount would connect th e  Shetland and 
Orkney Islands and G reat B rita in  and Ire land  w ith 
D enm ark and  H olland, leaving only a  long deep F jord 
separating a  B ritish  peninsula from Scandinavia. 
W hen  we bear in  m ind th e  abundant evidence 
which we have th a t  these m inor oscillations, w ith  a 
m axim um  range of 4,000 to  5,000 feet, have occurred 
again  and again a ll over th e  world w ith in  com para
tively recent periods, alternately  u n itin g  lands and 
separating them  by shallow seas, th e  position of the 
deep w ater rem aining th roughou t th e  same, the im 
portance of an accurate determ ination of the depth of 
intervening sea in  all speculations as to  geographical 
d istribu tion  and th e  origin of special faunæ becomes 
most apparent.



P l a t e  Y H I.— M ap  showing the general distribution o f  the Tertiary , the Cretaceous, and the 
Jurassic  systems in  the north-west o f  E urope w ith  reference to contour.

T e r l i a r y

CrptAcooin

J n r & i * i c d b e > r  2 0 0 0  F « e t .



4 7 4 T H E  D E P T H S  O F  T H E  S E A . [ c h a p .  X .

From  a  glance a t th e  m ap (PL V III .) ,  and remem
bering th a t nearly th e  same arrangem ent exists in 
regard to  th e  newer rocks of N orth  America, i t  would 
seem th a t th e  sum of these m inor elevations and 
subsidences has produced a  general elevation of the 
edges, and a general contraction,—of a  basin th e  long 
axis of which coincides roughly w ith  th e  long axis of 
th e  A tlantic. The Jurassic  beds crop ou t along the 
outer edge of th e  basin, th e  cretaceous beds form  a 
middle band, while th e  tertiaries occupy th e  troughs 
and valleys. A ll of these, however, m ain tain  a  cer
ta in  parallelism  determ ined by th e  contour of the 
earlier land and  th e  direction of th e  older m ountain 
ridges, to  one another, and to th e  shores of the 
present sea.

From  th e  parallel of 55° n o rth  la titu d e , a t  all 
events to th e  equator, we have on either side of 
th e  A tlan tic  a  depression 600 or 700 m iles in  width, 
averaging 15,000 feet in  depth. These tw o valleys 
are separated by th e  modern volcanic p la teau  of the 
Açores. I t  does not seem to  us to  be a t a ll probable 
th a t any  general oscillations have tak en  place in  the 
northern  hem isphere sufficient e ither to  form  these 
immense abysses, or, once formed, to  convert them  
in to  dry land.

Reasoning partly  upon physical and p artly  upon 
palæontological grounds, Mr. P rest wich th inks it 
probable th a t  th e  ancient chalk ocean w hich formed 
a  great transverse be lt en tirely  across sou thern  and 
eastern  Europe and central A sia on th e  one hand , and 
across th e  Is thm us of Panam a and sou thern  N orth  
Am erica on th e  other, was cu t otf by a land  barrier 
from the A rctic Sea, and on th a t account possessed a
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m uch h igher and m ore equable tem perature to  the 
bottom ; and  there is every reason to  believe th a t  such 
a land  barrier did ex ist to th e  no rth  of th e  great 
A tlan tic  basin, and  continuous w ith th e  be lt of 
northern  land on which there  is no deposition of cre
taceous rocks. H e  says th a t “ if  such a  land  barrier 
existed a t  th e  period of th e  chalk, and th a t barrier 
was subm erged during  th e  earlier p a r t of the tertiary  
period, i t  w ould, taken  in  conjunction w ith  th e  very 
different conditions of depth  under w hich th e  chalk 
and lower te rtia ries  were found, go far to  account for 
the g reat break in  th e  fauna of th e  two periods.” 

F rom  th e  inform ation we have as to  th e  depths 
in th e  South A tlan tic  and  th e  N orth  Pacific, there 
seems to  be no reason, however, to  suppose th a t  a 
barrier has recently  existed sh u ttin g  off th e  polar 
sea of the sou thern  hem isphere; and I  confess I  
cannot qu ite  see how th e  resu lt suggested by Mr. 
Prestw icli could follow, w ithou t tak ing  in to  account 
another condition of whose existence we seem to 
have evidence. A  band of cretaceous rocks has been 
shown to  extend round  th e  w orld a little  to  th e  
north  of th e  equator w herever we have dry lan d ; 
and i t  has likewise been shown, from  considera
tions of depth , th a t  th is  chalk band probably ex
tended also across our g rea t ocean basins. A t th a t 
tim e, then , it  seems th a t  no con tinen t ranging from 
north to south in te rrup ted  th e  drift of th e  equatorial 
current, deflecting th e  heated equatorial w ater to 
north  and  south and  inducing a  re tu rn  indraught 
of polar w ater. This would undoubtedly remove 
one great cause, if  no t th e  sole cause, of the present 
low tem peratu re  of deep w ater between th e  tropics.
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According to  th is  view, th e  reduction of th e  tem pera
tu re , th e  cause of th e  break in  th e  fauna, would 
depend more upon th e  elevation of C entral Am erica 
and th e  Isthm us of Panam a and th e  in tertropical 
eastern  coast of th e  continent of Asia, th a n  even 
upon th e  depression of th e  no rthern  barrier and the 
throw ing open of th e  A rctic basin.

“  I f  a t any former period th e  clim ate of th e  globe 
was m uch w arm er or colder th a n  i t  is now, it  would 
have a  tendency to  re ta in  th a t h igher or lower tem 
perature for a succession of geological epochs. . . . 
The slowness of clim atical change here alluded to 
would arise from th e  great depth of th e  sea as com
pared w ith  th e  height of th e  land, and  th e  con
sequent lapse of tim e required to  a lter the position 
of continents and  g rea t oceanic basins. . . . The 
m ean heigh t of the land  is only 1,000 feet, the 
depth  of th e  sea 15,000 feet. The effect, therefore, 
of vertical movements equally 1,000 feet in  both 
directions, upw ards and  downwards, is to  cause a 
vast transposition of land  and sea in  those areas 
which are now continental, and  adjoining to  which 
there is m uch sea n o t exceeding 1,000 feet in  depth. 
B u t movements of equal am ount would have no 
tendency to  produce a  sensible a ltera tion  in  the 
A tlan tic  or Pacific oceans, or to  cause th e  oceanic or 
continental areas to  change places. Depressions of
1,000 feet would submerge large areas of existing 
lan d ; b u t fifteen tim es as m uch m ovem ent would 
be required to convert sueli land  into an  ocean of 
average depth, or to cause an  ocean th ree  miles deep 
to  replace any one of th e  existing continents.” 1 

1 Lycll, P rincip les o f Geology, 18G7. P p . 2G5-6.
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The wide ex ten t of Tertiaries in  Europe and the 
no rth  of A frica sufficiently proves th a t m uch dry land 
has been gained in  te rtia ry  and post-tertiary  times, 
and th e  g rea t m ountain-m asses of Southern Europe 
give evidence o f g reat local disturbance. B u t al
though  th e  A lps and  th e  Pyrenees are of sufficient 
m agnitude to  m ake a deep im pression upon the 
senses of m en, tak in g  them  together, these moun
ta in s would if  spread out only cover th e  surface 
of th e  N orth  A tlan tic  to  th e  depth  of six feet, and 
it would tak e  a t  least two thousand tim es as m uch 
to fill up  its bed. I t  would seem by no m eans im 
probable, th a t  w hile th e  edges of w hat we call the 
g rea t A tlan tic  depression have been gradually  raised, 
th e  cen tra l portion  m ay have acquired an  equivalent 
increase in  d ep th ; b u t i t  seems most unlikely th a t 
while th e  m ain features of th e  contour of the northern 
hem isphere rem ain  th e  same, an  area of so vast extent 
should have been depressed by more th an  th e  height 
of M ont Blanc. On these physical grounds alone we 
are inclined to  believe th a t a  considerable portion of 
th is  area has been continually under water, and th a t  
consequently a deposit has been form ing there unin
terrupted ly , from  th e  period of th e  chalk to  our own.

I  w ill now tu rn  to  th e  palaeontological bearings of 
th e  question. Long ago Mr. Lonsdale showed th a t 
th e  w hite chalk was m ainly made up of th e  débris of 
foram inifera, and D r. M antell estim ates the num ber of 
these shells a t  more th an  a m illion to  a cubic inch. 
In  18-18 D r. M antell, speaking of th e  chalk, says 
th a t it  “ forms sueli an  assemblage of sedimentary 
deposits as would probably be presented to observa
tion if  a  mass of th e  bed of the A tlantic, 2,000 feet
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in  thickness, were elevated above th e  w aters and 
became dry land ; th e  only essential difference would 
be in  the generic and  specific characters of the im 
bedded anim al and vegetable rem ains.” 1 I n  1858 
Professor H uxley  spoke of th e  A tlan tic  m ud as 
“ m odern chalk .” 2 Very early th e  iden tity  of some 
of th e  chalk foram inifera w ith  species now living was 
observed. M r. Prestw ich, in  his able résumé of th is 
question, so often quoted, gives a  table drawn up by 
Professor R u p ert Jones of 19 species of foraminifera 
ou t of 110 from  th e  A tlan tic  m ud identical w ith 
chalk forms, viz. :—

O th e r  o l d e r  F o r m a t io n s  i n  w h ic h  
th o y  o r e  a la o  f o u n d .

Species o f Foraminifera found in  both th e  A tlantic 
M ud and  the  Chalk of Englrmd and Euro]>e. ^ d i  * C. <o c. E

" o n u g 
u l

•* 2

á
1
&

siM
G landulina lav iga ta , D 'O r b i o n y  .  . X _ X _
N odosaria  radicula, L i n n .............................. X X X —

„  raphanus, L i n n .  .  .  . — X X —
D entalina communis, D ’O r b i o n y  .  . X X X X X
Cristellaria cultrata, M o n t .  .  .  . X X X — —

„  rotulata, Lam....................... X X X —
„  crepidula, F . and M . . . — X — — i

Lagena sulcata, W . and J ...................... — — — • — —
„  globosa, M o n t a g u  . . . . — — — — —

Polym orphina lactea, W . and J .  . . X — — — —
„  communis, D ’O r b i o n y . — — — — —
„  compresta, D 'O r b i o n y . X X X — —
„  orbignii, E h r .  . . . — — — — —

Globigerina bulloides, D ’O r b i o n y  . .
Planorbulina  lobatula, W . and  J . _ _ _ _
P u lvinu lina  micheliana, D ’O r b i o n y  .
Spiroplecta biformis, P . and  J . — — — — —
Verneuilina triquetra, V o n  M . .  . . _ — _ _ _

„  polystropha, R buss . .

1 W on d ers  o f  Geology, 6 th  ed ition , 1848. Vol. i. p. 301.
2 Satu rday  Review.



CHAP. X.] C O N T IN U IT Y  O F T IJN  C H ALK . 479

A nd tlie following table, showing th e  num ber of 
foram inifera common to  th e  A tlan tic  m ud and various 
geological form ations in  E ngland  :—

Common to  tlie following Formations.

Total 
in  tho 
deep 

Atlantic. Crog. London
clajr. Chalk. Upper

Jurassic.
Lower

Jurassic.

n iir l lc
and

°Tpr
Per
mian.

Carbo
niferous.

110 53 28 19 7 7 7 1 1

T he m orphology o f th e  foram inifera has been 
studied w ith  g reat care, and th e  differences between 
closely allied so-called species are so sligh t th a t i t  is 
possible th a t  in  m any cases they  should only be 
regarded as varieties ; b u t th is careful criticism  and 
appreciation of m inu te  differences renders i t  all the 
m ore likely th a t  th e  determ inations ai'e correct, and 
th a t  an im al form s w hich are substantially  identical 
have persisted in  th e  depths of th e  sea during  a con
siderable lapse of geological time.

I n  th e  la te  deep-sea dredgings by M. de Pourtales 
off th e  A m erican coast, and  by H .M . ships ‘ L igh t
n ing  ’ and  ‘ Porcupine,’ and Mr. M arshall H a ll’s yacht 
‘ N o rn a ’ off th e  w est coast of Europe, no anim al 
forms have been discovered belonging to  any of the 
h igher groups, so fa r as we are as y e t aware, speci
fically identical w ith  chalk fossils ; and  I  do no t th ink  
th a t we have any  r ig h t to  expect th a t  such w ill be 
found. To a  depth  of 5,000 feet or so a  large portion 
of th e  N o rth  A tlan tic  is a t  p resent heated very con
siderably above its  norm al tem perature, while the 
A rctic and  A n tarc tic  ind raugh t depresses the bottom
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tem perature in  deep w ater to  a like extrem e degree. 
These abnorm al tem peratures are dependent upon 
th e  present distribution of sea and la n d ; and 1 
have already shown th a t we have evidence of many 
oscillations, in  m odern tim es geologically speaking, 
which m ust have produced to ta lly  different condi
tions of tem perature over th e  same area. Accepting, 
as I  believe we are now bound to  do in  some form, 
th e  gradual a lteration  of species th ro u g h  natural 
causes, we m ust be prepared to  expect a  to ta l absence 
of forms identical w ith those found in  th e  old chalk, 
belonging to  groups in  w hich there  is sufficient 
structu ra l differentiation to  require or to  adm it of 
m arked variation under altering  circum stances. The 
utm ost which can be expected is th e  persistence of 
some of th e  old generic types, and such a resemblance 
between th e  two faunæ  as to  justify  th e  opinion tha t, 
m aking duo allowance for em igration, im m igration, 
and  exterm ination, the la ter fauna bears to  the 
earlier th e  relation of descent w ith  extrem e modi
fication.

I  have already m entioned th a t  one of th e  most 
rem arkable differences between th e  recent A tlan tic  
chalk-m ud and th e  ancient w hite chalk is th e  to ta l 
absence in  th e  la tte r  of free silica. I t  would seem, 
from the analysis of chalk, th a t  silicious organisms 
were entirely w anting in  th e  ancient cretaceous seas. 
I n  the chalk m ud, on the o ther hand, silica is found 
in  abundance, in  m ost specimens to  th e  am ount of 
from 30 to 40 per cent. A  considerable portion  of 
th is is inorganic silica—sand ; and its  presence is 
doubtless due to  th e  circum stance th a t  our dredgings 
have h itherto  been carried on in  th e  neighbourhood
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of land  and in  th e  p a th  of s ligh t currents, w hilst the 
extrem e p u rity  of th e  w hite chalk of Sussex would 
seem to  indicate th a t  i t  had been laid down in  deep 
still w ater far from  land. A  considerable proportion 
of th e  silica of th e  clialk-m ud, however, consists of 
th e  spicules of sponges, of th e  spicules and shields 
of radiolarians, and  of th e  frustu les of diatom s ; 
and  th is  organic silica is uniform ly distributed  
th rough  th e  whole mass. Taken in  connection w ith 
th e  absence of diffused silica in  th e  w hite chalk, 
we have th e  singu lar fact of th e  presence of regular 
layers of flin ty  masses of nearly pure silica, pre
senting  frequently  th e  ex ternal form  of m ore or 
less regularly-shaped sponges, and frequently filling 
up th e  cavities of sea-urchins or bivalve shells. I f  
we take  th e  sim ple instance of pure grey flin t filling 
up en tirely  th e  cavity  of an u rch in , such as Gale
rites albo-galcrus, or Ananchytes ovatus, and showing 
a t th e  oral opening of th e  shell a  li t t le  projecting 
knob, like a  bullet-m ould filled w ith  lead, we have 
no escape from  th e  conclusion th a t after th e  death 
of th e  u rch in  th e  silica has percolated in to  th e  shell 
in  solution or in  a  gelatinous condition, and th e  silica 
m ust have previously existed in  some other form, 
either in  th e  chalk or elsewhere. I n  th e  chalk which 
contains n o t a  trace  of silica we often  find th e  moulds 
and outlines of organism s w hich we know to  have been 
silicious, from  w hich th e  whole of th e  silica has been 
removed ; and  I  have m ore th a n  once seen cases in  
w hich a  portion  of th e  delicate tracery  of a  silicious 
sponge has been preserved en tire  in  a flint, while the 
rem ainder of th e  vase w hich projected beyond the 
outline of th e  flin t appeared in  th e  chalk  as a trellis-
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work of spaces, vacant, or loosely filled w ith  peroxide 
or carbonate of iron. I t  therefore seems certain  th a t 
by some means or other th e  organic silica, distributed 
in  th e  shape of sponge spicules and  other silicious 
organism s in  th e  chalk, has been dissolved or reduced 
to  a colloid state, and accum ulated in  m oulds formed 
by th e  shells or outer w alls o f im bedded anim als of 
various classes. H ow  th e  solution o f th e  silica is 
effected we do n o t precisely know. Once reduced 
to  a  colloid condition, i t  is easy enough to  im agine 
th a t  i t  m ay be sifted from  th e  w ater by a  process 
of endosmose, th e  chalk m atrix  acting  as a  porous 
m edium , and accum ulated in  any  convenient cavities.

I n  various localities in  th e  chalk  and  green-sand of 
th e  N orth  of England th e  peculiar bodies w hich are 
called V entriculites are excessively abundant,— ele
gan t vases and cups w ith  branch ing  root-like bases, 
or groups of regu larly  or irregu larly  spreading tubes, 
delicately fre tted  on th e  surface w ith  an  impressed 
netw ork like th e  finest lace. I n  th e  year 1840 the 
la te  M r. Toulm in Sm ith  published th e  resu lt of 
m any years’ careful study  of these bodies, and gave 
a  m inute and  m ost accurate description of the ir 
structure. H e found them  to  consist of tubes of 
extrem e tenuity , delicately meshed, and  having be
tw een them  interspaces usually  w ith  very  regular 
cubial or octohedral forms. These tubes in  th e  V en
tricu lites found in  chalk were em pty, o r contained a 
little  red ochreous m atte r ; b u t w hen a  ventricu lite  or 
a portion  of one happened to  be entangled  in  a  flint, it  
was either incorporated w ith  th e  flin t or replaced by 
silica. Mr. Toulm in Sm ith  supposed th a t  th e  skeleton 
of th e  ventriculite had been orig inally  calcareous,
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and he referred th e  group to  th e  Polyzoa. W hen 
M r. Toulm in Sm ith  studied th e  V entriculites, th e  
H exactinellidæ —th e  sponges w ith  six-rayed meshes 
or spicules—were p ractically  unknown, though  there

F io . 80 .— Ventriculites simplex, T o u l m in  S m it ii .  Once a n d  a  h alf th e  n a tu ra l size.

were already a  few exam ples in  museums. One of the 
first resu lts  of deep-sea dredging was th e  discovery 
th a t th e  chalk-m ud of th e  deep sea is in  m any places 
literally  crowded w ith  these ; and w hen we compare
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sueli recent forms as Aphrocallistes, Iphiteon , H ol
tenia, and Aslconema w ith  certa in  series of tlie chalk 
V entriculites, there  cannot be th e  sligh test doubt th a t 
they belong to  th e  same fam ily—in  some cases to 
very nearly allied genera. P ig . 80 represents a  very 
beautiful specimen of Ventriculites sim plex  preserved 
in  flint, for which I  am indebted to  M r. Sanderson of 
Edinburgh. Looking a t  th is  in  th e  lig h t of our 
knowledge of Euplectella  o r Aphrocallistes beatrix, 
we have no difficulty in  w orking ou t its  structure, 
even to the most m inu te microscopic detail.

O ther sponges, belonging chiefly to th e  L ith istidæ
and th e  Corticata^, re
produce w ith  wonderful 
accuracy th e  m ore irre 
gu lar sponge-forms of 
th e  chalk and  green- 
sand ; and  a group, as 
y e t undescribed, bu t 
apparently  an  aberran t 
fam ily of th e  Esperiadae, 
send ou t long delicate 

F í o .  8 1 .—VentrlculUet »implex. T o u l u i n  8 m i t h .  tubes, w hich contract
O u to r surfuce ; fo u r  tim ea th e  n a tu r a l  alzo. v  ,  . .  .slightly , bu t in  a  most 

characteristic way, a t th e  poin t of th e ir  insertion
in to  th e  sponge body, recalling very forcibly the 
peculiar m anner in  w hich th e  tube-like root processes 
jo in  the sponge in  such genera as th e  vaguely defined 
Choanites.

One sponge belonging to th e  group is represented 
a t P ig . 83. A sphere 15 to 20 m m . in  diam eter con
sists of a smooth glossy external rind , composed of 
closely meshed pin-headed spicules, w ith two kinds
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of ‘ spicules of th e  sarcode,’ one large, C-sliaped, the 
o ther m uch m ore m inute, answering to  B ow erbanki 
‘ triden ta te  equianchorate * type ; every now and then

V i a .  S2 — V e n tr ic u l i te s  s im p le x .  T o u lm in  S M irn . 8 c c tio n  o f  th o  o u to r  w a ll, sh o w in g  th e  
s t r u c tu r e  o f  t h e  s i l ic io u s  n o tw o rk . (x . 60 .)

th e  rind  th u s  formed coming to  th e  m argin of a sm all 
pore. T he in terio r of th e  sphere is filled w ith  soft 
semi-fluid sarcode, supported by th e  loosest possible

F i o .  83 .— C rrln sp h rr .rn  t u b i f e r ,  W w i l l f .  T ü o m b o n . S l ig h tly  e n la rg e d . Oil* th e  c o n s t o f  P o r tu g a l.

mesh-work of g ranu lar horny m atter and p in 
headed spicules. F rom  points apparently  irregularly 
placed on th e  surface of th e  sponge, tubes about 
3 m m . in  diam eter ra n  ou t in  a ll directions ; 
th e  walls of th e  tubes are th in  and delicate, being
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m ore so tow ards th e  d istan t ends, where th e  tubes 
contract slightly  to  an  open orifice. A t th e  proxim al 
end, a t  th e  junc tion  betw een th e  tu b e  and  th e  
sponge body, th e re  is also a contraction, an d  a  slight 
pit-like involution  of th e  surface of th e  sponge. 
There is som ething very characteristic in  tliis pecu-

F io . 84.—* Choanites' In  a  flin t from  th o  w hite  chalk.

lia r form  of junc tion  which i t  is n o t easy to  define, 
b u t w hich alm ost forces th e  conviction th a t  th e re  is 
th e  closest re la tion  between these recent form s and 
tube-bearing fossil sponges such as Choanites.

Professor M artin  D uncan m entions several corals
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from  th e  coast of P ortugal more nearly allied to 
chalk forms th a n  to  any others, h u t it  is in  the 
Echinoderm ata th a t  th e  peculiar relation between 
the ancient and  th e  m odem  faunæ  becomes most 
apparent. To review briefly th e  chief points bearing 
upon th is  question. The Apiocrinidæ, th e  group of 
fixed crinoids w hich I  have already described, are 
abundan t th roughou t th e  whole range of th e  Jurassic 
rocks, th e ir rem ains being frequently very abundant 
in th e  th ick  cream-coloured lim estone beds of th e  
oolites. Towards th e  close of th e  Jurassic  period, 
th e  typ ical genera disappear, and  in  th e  chalk we 
find th e  group represented by an  evidently degenerate 
form, B ourguetticrinus. I n  some tertiary-beds frag
m ents of th e  stem s of a small Bourguetticrinus have 
been found, and  such were likewise discovered in  
th e  recent lim e breccia of Guadaloupe, w hich con
tained  th e  well-known hum an skeleton now in  the 
B ritish  M useum . There can  be little  doubt th a t 
these te rtia ry  and  post-tertiary  fragm ents are to  be 
referred ra th e r to  th e  genus Rhizocrinus, which we 
now know to  be so widely distributed, living, in  
deep w ater. Now in  th is  series of Apiocrinidæ, 
extending from  th e  Eorest m arble to  th e  present 
tim e, a lthough there  is a  succession of constantly 
changing species, yet th e  gradual degradation in  
development in  th e  same direction th roughou t th e  
series seems to  point unm istakeably to  some form 
of continuity , to  a  type gradually  succum bing to con
ditions slowly altering  in  an  unfavourable direction.

The o ther family of th e  stalked crinoids, the 
Pentacrinidae, are in  a  different position. They are 
abundant in  th e  L ia s ; very abundan t .in  th e  lower
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oolite, where slabs are often found alm ost m ade up 
of them , w ith  a  characteristic deep-water association 
of Cidarisy Astrogonium , and  A stropecten; and  al
though  n o t abundan t in  th e  E nglish  chalk, several 
species are found, and these show no tendency to  
degeneracy. As m igh t be expected, such rem ains 
are rare  in  th e  shallow-water tertiaries. W ith  regard 
to  th e ir d istribu tion  in  m odern seas, from  th e  
apparent abundance of P .  asteria  and  P .  mulleri 
in  deep w ater in  the W est Indies, and  of P . wyville
thomsoni off th e  coast of Portugal, i t  is very pos
sible, as I  have already said, th a t  th ey  m ay occupy 
a m uch more im portan t place in  th e  abyssal fauna 
th a n  we a t  p resent im agine. •

N early all th e  additions from  th e  deep w ater to 
th e  lis t of th e  A steridea fall in to  th e  genera 
A rchaster  and  Astropecten , or in to  th e  various sub
divisions of th e  old genus Goniaster. P rom  their 
b reaking up  in to  a m u ltitu d e  of un distinguishable 
ossicles by th e  decomposition of th e ir  soft organic 
m atter im m ediately after death , th e  fossil rem ains 
of star-fishes are com paratively rare , and  are scarcely 
m et w ith  except in  fine calcareous form ations, such 
as th e  W enlock lim estone,— and in  la te r tim es in  the 
fine yellow lim estones of th e  oolites, and  in  th e  
w hite chalk. I n  th e  la tte r  form ation, deposited ap
parently  very  m uch under th e  sam e circum stances 
as th e  A tlan tic  chalk-m ud, th e  general character of 
th e  group of im bedded star-fishes is alm ost th e  same 
as in  th e  m odern fauna of th e  deep A tlantic.

The Echinidea are a m ore typical order. P rom  
th e  compactness of th e ir tests  they are m ore readily 
preserved entire , and from th e  earliest periods the ir
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characteristic and  harm oniously varying series are 
of considerable value in  the discrim ination of the 
different form ations. I n  th e  soft w hite chalk of the 
south of E ngland  th e ir  rem ains are- extremely abun
dant. P erhaps th e  m ost abundant and characteristic 
fossils in  th e  chalk are th e  Cidaridae, and these more 
th an  any o ther chalk fossils illu stra te  th e  peculiar 
conditions under which th e  chalk has been la id  down. 
Tlie great spines of Cidaris are attached to  th e  plates 
of th e  shell by a central ligam ent which passes from 
th e  cup on th e  spine to  a  perforation in  th e  ball on 
th e  plate, and by a  m em brane which rises from the 
p late and  passes over th e  base of th e  spine. The 
spines are, however, so disproportionately large, and 
the soft m a tte r softens and decomposes so rapidly 
after death, th a t  i t  is difficult to  keep th e  spines 
attached to  a  specimen prepared even w ith  consider
able care. I n  th e  chalk, tests  of Cidaris are fre
quently  preserved absolutely entire, w ith  all the 
spines in  position ; so th a t by carefully working out 
th e  chalk w ith  a penknife, we can here have the 
whole anim al perfect. I t  is difficult to  see precisely 
how th is resu lt can have been produced. The urchin 
m ust have sunk in to  th e  soft chalk-m ud and 
been covered up by a sufficient quantity  to  support 
its spines and test, and allow th e  whole to become 
gradually compacted in to  a  solid mass. One of the 
new deep-sea Cidarites belongs to a genus which 
had previously been supposed to  be extinct, bu t the 
chalk-m ud forms generally do no t show any special 
approach to  any particu lar chalk species. S till the 
general character of th e  group is the same. The 
Echinothuridae were previously known only as chalk
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fossils, so th a t the ir presence apparently in  abun
dance in  th e  recent chalk-mud is a clear instance 
of th e  preservation of one of th e  old types hitherto  
supposed to  be extinct. The same m ay be said of 
Pourtalesia, which m ust associate itse lf either w ith 
Ananchytes or w ith Dysaster, both  of which are 
types of groups likewise supposed to  have been lost. 
W e th u s  find th a t, while no E ch i noderm hitherto 
discovered in  th e  deep w ater is specifically identical 
w ith any chalk form, n o t only does th e  abyssal fauna 
w ith  its abundance of th e  Cidaridae, Echinothuridae, 
and irregu lar urchins, and th e  disproportionate num 
bers of th e  genera Astropecten , Astrogonium , and 
Stellaster, and th e ir allies am ong starfishes, singu
larly  resemble th e  chalk  in  general facies ; but 
several genera approach chalk form s more closely 
th a n  they do any h itherto  known in  a  living state 
—approach them  so closely as alm ost to  force upon 
us th e  conviction th a t  th e ir re la tion  is one of descent, 
accompanied by change of conditions and consequent 
modification, though  no t to  any  extrem e degree.

As I  have already stated, th e  whole of th e  mol
lusca from th e  deep w ater w hich had  been previously 
described as fossils were know n from  te rtia ry  and 
post-tertiary beds ; w ith  th e  very doubtfu l exception 
o f our common Terebratulina caputserpentis , which 
certainly approaches very closely Terebratula  stria ta  
from th e  chalk.

I t  is n o t surprising th a t  th is  should be th e  case. 
I t  is  a  m arked character of th e  E uropean  Tertiaries 
th a t w ith  th e  exception of some of th e  older beds in  
th e  south of Europe, all of them  have been deposited 
in  shallow w ater ; so th a t  th e  te rtia ry  beds represent
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th e  m ineral accum ulations and  th e  fauna of th e  
m argin  of some sea. W e m ay say th a t  they  have been 
deposited in  th e  shallow  w ater o f te rtia ry  seas whose 
deep-sea fauna is unknow n, and th is  mode of expres-' 
Sion is m ost in  accordance w ith  previous ideas ; b u t if  
th e  view here advocated be correct, we m ust regard 
th e  te rtiaries as th e  deposits form ed and exposed by 
depressions and  upheavals of th e  borders of th e  cre
taceous sea ; of a  sea which, w ith  m any changes of 
condition produced by  th e  same oscillations which 
a lternate ly  exposed and  subm erged th e  tertiaries, 
existed continuously, depositing conformable beds of 
chalk-m ud from  th e  period of th e  ancient chalk.

M ollusca are chiefly shallow-water forms, although 
some of them  are special to  deep w ater, and others 
have a  g rea t vertical range. As I  have already said, 
considering th e  m any changes in  th e  conditions which 
m ost affect anim al life which have occurred during 
la ter geological tim es, we cannot expect to  find any 
anim als of th e  higher groups specifically identical 
w ith  chalk  fossils ; th e  difficulty in  th e  case seems 
ra th e r to  be to  account for th e  iden tity  of m any 
living deep-water species w ith  species found in  the 
Tertiaries. I  th ink , however, th a t  we can find a  clue. 
M ost of th e  species common to  th e  m odem  A tlan tic  
and  to  te rtia ry  beds are now found in  th e  A tlan tic  a t 
m uch greater depths th a n  those a t  which they were 
imbedded in  th e  te rtia ry  seas. This we know by th e  
species from  shallower w ater w hich are associated 
w ith  them  in  th e  Tertiaries. They are, therefore, 
species which had  a  considerable vertical range ; and 
probably w hile m any of th e  shallower w ater forms 
were ex term inated  by elevations or o ther change
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affecting the first one or two hundred fathom s, they 
were enabled to  survive, th e  deeper p a rt of their 
hab ita t having suffered b u t little  alteration.

Sir Charles Lyell says: “ The reader should be 
rem inded th a t in  geology we have been in  th e  habit 
of founding our g reat chronological divisions, no t on 
foraminifera and sponges, nor even on echinoderms 
or corals, b u t on th e  rem ains of th e  m ost highly 
organized beings available to  us, such as mollusca.
. . . I n  dealing w ith  th e  m ollusca, i t  is those of the 
highest or most specialized organizations which afford 
us th e  best characters in  proportion as th e ir vertical 
range is th e  m ost lim ited. Thus th e  cephalopoda are 
th e  m ost valuable, as having a m ore restricted  range 
in  tim e th an  th e  gasteropoda, and these again are more 
characteristic of th e  particu lar stra tig raph ica l sub
divisions th a n  th e  lam ellibranchiate bivalves, while 
these la s t again are m ore serviceable in  classification 
th a n  th e  brachiopoda, a still lower class of shell-fish, 
w hich are th e  most enduring of all.” W ith  great 
deference to  S ir Charles Lyell, I  cannot regard the 
m ost highly specialized anim al groups as those most 
fitted to  gauge th e  lim its of great chronological 
divisions, though I  adm it th e ir infinite value in 
determ ining th e  m inor subdivisions.

The culm ination of such anim al groups, such as 
we find in  th e  m arvellous abundance and variety of 
both orders of cephalopods a t the end of th e  Jurassic 
and th e  commencement of th e  cretaceous period, 
undoubtedly brings into high relief, and adm irably 
illustrates to  th e  student, th e  broad distinctive cha
racters of th e  mezozoic fa u n a ; b u t speaking very 
generally, th e  more highly a m ollusc is specialized
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th e  shallower is th e  w ater which i t  inhabits. The 
cephalopods are chiefly pelagic and  surface things, 
and th e ir rem ains are consequently found in  deposits 
from  a ll depths. To th is general pelagic d istri
bution of cephalopods there seem to  be two re
m arkable exceptions, and these th e  two members 
of th e ir class which are by far th e  m ost in terest
ing  in  th e ir  geological relations. N autilus 'pom
pilius  inhab its th e  deep w ater of th e  Pacific, while 
the h ab ita t of Spirula  australis is  unknown. The 
shell of Sp iru la  is th in  and ligh t, and, probably 
after th e  death  of th e  anim al and by th e  decom
position of organic m atte r, i t  becomes filled w ith  air, 
and  th e  em ptied shell floats, and is drifted along on the 
siu'face of th e  sea. Tropical shores are strew n w ith 
th e  pearly  little  coil, w hich a ttrac ts  a tten tion  by the 
elegance of its  form. I t  is abundan t on all shores in 
th e  p a th  of th e  Gulf-stream . Sysselm ann M uller gave 
me, a few years ago, a quan tity  w hich had  been drifted 
on th e  south-w estern shores of different islands of the 
Pæ roe group. S till th e  s truc tu re  of th e  anim al of 
Spirula  m ay be said to  be unknow n. One specimen 
only, w hich was described by Professor Owen, was 
found nearly  perfect on th e  coast of New Zealand by 
Mr. Percy Noel. I  suppose there can  be little  doubt 
th a t th is  is a deep-water form , and I  hope th a t w ith 
our deep-sea dredging we shall soon clear up  its 
economy; b u t in  th e  m eantim e th e  evident abundance 
of th e  an im al and our ignorance of its  history are very 
suggestive. I n  th e  London clay one or two examples 
of a  fossil have been found, nearly  allied to  Spirula, 
bu t differing in  th is  respect— th a t  a  solid conical 
rostrum  projects backw ards, its  half-calcified, half-
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horny substance enclosing th e  g reater p a rt of the 
curved spiral shell. Now if  th e  recent Spirula  had 
been weighted w ith  such a  rostrum  i t  would probably 
have rem ained up  to  th e  present tim e u tte rly  unknown 
to  us. I t  is unwise to  prophesy, b u t I  certainly 
look upon some form  allied to  Spirulirostris as one 
of the m ost likely spoils of th e  deep sea. F rom  the 
Tertiaries we pass to  th e  Cretaceous forms, and find 
in  Belem nitella  th e  cham bered shell straightened and 
reduced, and  th e  ‘ guard * greatly  increased in  size. 
I f  Belem nites were deep-sea anim als, as seems very 
probable, and if  any of them  still exist,—from  the 
form  and w eight of the ir shells i t  is scarcely possible 
th a t they should ever be throw n up  on th e  shore, 
and w ithout deep-sea dredging they  m ight rem ain 
for ever unknown. I  m erely m ention th is to  show 
th a t i t  is by no means safe to  base even w hat little  
argum ent m ight rest upon it, upon  th e  absence 
a t  th e  present tim e of a ll representatives of the 
cretaceous cephalopodous fauna. *

The gasteropods, w ith  com paratively few excep
tions, range from th e  shore to  a  depth  of 100 to 
200 fathom s, and  lam ellibranchs become scarcer a t 
a  slightly  greater depth ; while some orders of bra- 
chiopods, crustacea, echinoderms, sponges, and  fora
m inifera, descend in  scarcely dim inished num bers to 
a depth of 10,000 feet. I n  fact, th e  bathym etrical 
range of th e  various groups in  m odern seas corre
sponds rem arkably w ith  th e ir  vertical range in 
ancient strata.

A  change in  th e  d istribution of sea and land  in 
volving a m ere change in  th e  course of an  ocean- 
current m ight modify th e  conditions of an  area for
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m ost cephalopods and  a ll pteropods, heteropoda, and 
o ther surface living anim als of h igh  type, even to 
th e ir extinction. By oscillations of 500 feet up  or 
down, th e  g rea t m ass of gasteropoda, and a ll reef- 
building corals, would he forced to  em igrate, would 
become modified, or would be destroyed,—and another 
hundred fathom s w ould exterm inate th e  greater num 
ber of bivalves ; w hile elevations and  depressions to 
ten  tim es th a t  am ount m igh t only slightly  affect the 
region of brachiopoda, echinoderma, and sponges.

A fter a  careful consideration of th e  results of recent 
investigations, we are strengthened in  our confidence 
in  th e  tru th  of th e  opinion which we previously held, 
th a t th e  various groups of fossils characterizing th e  
te rtia ry  beds of E urope and N orth  America represent 
th e  constantly  a ltering  fauna of the shallower por
tions of an  ocean whose depths are still occupied by 
a deposit w hich has been accum ulating continuously 
from th e  period of th e  p re-tertiary  chalk, and which 
perpetuates w ith  m uch modification the pre-tertiary 
chalk fauna. I  do no t see th a t  th is  view m ilitates in  
th e  least against th e  “  reasoning and  classification ” of 
th a t geology w hich we have learned from Sir Charles 
Lyell ; our dredgings only show th a t  these abysses of 
th e  ocean— abysses w hich Sir Charles Lyell adm its in  
th e  passage quoted above, to  have outlasted on account 
of th e ir depth a succession of geological epochs—are 
inhabited by a  special deep-sea fauna, possibly as persis
te n t in  its general features as th e  abysses themselves. 
I  have said a t the beginning of th is  chapter, th a t I  
believe the doctrine of th e  ‘continuity of the chalk / 
as understood by those who first suggested it, now 
meets w ith  very general acceptance ; and in  evidence
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of th is I  w ill quote two passages in  two consecutive 
anniversary addresses by Presidents of th e  Geological 
Society, and we m ay have every confidence th a t the 
statem ents of m en of so great w eight, m ade under 
such circumstances, indicate th e  tendency of sound 
and judicious thought. Professor H uxley , in  the 
anniversary address for th e  year 1870, says :— "  Many 
years ago1 1 ventured to  speak of th e  A tlan tic  m ud 
as £ modern ch a lk / and  I  know of no fact inconsistent 
w ith th e  view which Professor W yville Thom son has 
advocated, th a t th e  m odern chalk  is no t only the 
lineal descendant, so to  speak, of th e  ancient chalk, 
b u t th a t i t  rem ains, so to  speak, in  possession of the 
ancestral estate ; and th a t  from th e  cretaceous period 
(if no t m uch earlier) to  th e  present day, th e  deep sea 
has covered a large p a r t of w hat is now th e  area of 
th e  A tlantic. B u t if  Globigerina and Terebratula 
caputserpentis and  Beryx> no t to  m ention other 
forms of anim als and of p lan ts , th u s  bridge over the 
in terval between th e  present and  th e  mezozoic 
periods, is i t  possible th a t  th e  m ajority  of other 
living th ings underw ent a  sea-change in to  something 
new and strange a ll a t  once ? ”

A nd Mr. Prestw ich, in  th e  presidential address for 
1871, says :— “ Therefore, a lthough I  th in k  i t  highly 
probable th a t some considerable portion  of th e  deep 
sea-bed of th e  m id-A tlantic has continued submerged 
since th e  period of our chalk, and  although th e  more 
adaptable forms of life m ay have been transm itted  in 
unbroken succession th rough  th is channel, th e  im 
m igrations of o ther and  m ore recent faunas may 
have so modified th e  old population, th a t th e  original 

1 .Saturday Review , 1 8 5 8 : “ C halk , A ncien t and  M odern .”



CIIAP. X .] C O N T IN U IT Y  OF T H F  CHALK. 4 9 7

chalk elem ent is of no m ore im portance th a n  is the 
original B ritish  elem ent in  our own E nglish  people.”

M r. P restw ich  th u s  fully adm its th e  h igh pro
bab ility  of th e  ‘ con tinu ity  * for which we contend. 
The la s t question w hich he raises in  th e  sentence 
quoted is one of enorm ous difficulty, which we have 
as yet no data  to  solve. I t  is perhaps no t very m uch 
harder, however, after all, th a n  th e  problem  in  ethno
logy w hich he has selected as an  illustration .

Several o ther very im portan t questions bearing 
upon th e  conditions of th e  ocean a t  g reat depths, 
occupied th e  a tten tion  of th e  n a tu ra lis ts  in  scientific 
charge of th e  dredging cruises of th e  ‘ Lightning* 
and ‘ Porcupine.* A n  assistan t versed in  th e  methods 
of chemical and  physical research accompanied the 
vessel on each occasion. A  son of D r. Carpenter, 
Mr. W illiam  L an t C arpenter, B .A ., B.Sc., w ent on 
th e  first cruise w ith  M r. Jeffreys. M r. Jo h n  H un ter, 
P .C .S., a  prom ising young chemist, since deceased,, 
accompanied m e to  th e  Bay of Biscay, and Mr. H er
bert C arpenter, a younger son of m y colleague, was 
our com panion during  th e  th ird  long cruise in  the 
Esèroe channel.

The specific g rav ity  of th e  w ater was taken  a t 
each station , and in  th e  serial soundings th e  water- 
bottle was le t down to  th e  in term ediate depths and 
the w ater carefully tested. The differences observed 
were very sligh t, b u t they  were as a ru le  confirmatory 
of Professor Forschammer*s opinion th a t A rctic water 
contains less sa lt th a n  th e  sea-w ater of tem perate 
and in tertrop ica l regions.

As I  have already m entioned (page 46), organic 
m atter in  appreciable q u an tity  was detected by the
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perm anganate te s t everywhere, and  a t  a ll depths. 
The gas contained in  th e  w ater was carefully ana
lysed, and  i t  was found, as a general resu lt, th a t 
th e  am ount of free carbon dioxide increased and 
th e  proportion of oxygen dim inished w ith  increased 
depth. There seemed to  he reason to  believe, how
ever, th a t  th e  quan tity  of carbon dioxide depended 
to a great degree upon th e  abundance of th e  higher 
forms of life. M r. L a n t C arpenter used always to 
predict a had  h au l for th e  zoologists w hen he found 
th e  proportion of carbon dioxide to  th e  oxygen and 
nitrogen unusually  low. The g rea t increase in  the 
quan tity  of carbon dioxide was ju s t  above th e  bottom. 
The general average of th ir ty  analyses of surface- 
w ater gives th e  following as th e  proportions of the 
contained gases p resen t:— Oxygen 25*1, n itrogen  54'2, 
carbon dioxide 20-7 ; th is  p roportion  was subject, 
however, to  g reat variations. In term ed ia te  water 
gave an  average percentage of oxygen 22-0, nitrogen 
52 8, and carbon dioxide 26 2 ; w hile bo ttom  waters 
gave—oxygen 19-5, n itrogen  52'6, and  carbon dioxide 
27'9. B u t bo ttom  w ater, a t  a  com paratively small 
depth, often contained as m uch  carbon dioxide as 
interm ediate w ater a t  m uch  g rea ter depths. I n  one 
o f th e  serial soundings, in  w hich th e  w ater was 
taken  a t  every 50 fathom s, th ree  analyses gave the 
following singular re su lt :—

760 Fathom s. 800 Fathom s. B ottom , 802 Faths.

O x y g e n .........................18-8 • 17*0 17*2
N itro g en  . . . .  49-3 48*6 34*5
C arbon d ioxide . . 31 *9 3 3 ‘7 48 ‘3

The greatly  increased percentage of carbon dioxide 
in  th e  s tra tu m  of sea-water im m ediately overlying
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th e  sea-bed, was here accompanied by a great abun
dance of an im al life.

I  can scarcely regret th a t th e  space a t  m y disposal 
w ill no t allow m e to  en ter a t  p resent into th e  many 
very im portan t bearings of these physical investiga
tions, for I  am  compelled to  adm it th a t I  do not 
place thorough confidence in  our results. The obser
vations and  analyses were undoubtedly conducted 
w ith g rea t care and skill, b u t th e  difference between 
different samples—in  specific gravity, and m ore espe
cially in  chem ical composition and th e  relative pro
portion  of th e  ingredients—is so very slight, th a t  more 
exact m ethods th an  those w hich have been hitherto  
employed w ill be requ ired  to  insure accurate results.

I n  such investigations everything depends upon 
th e  perfection of th e  m eans of bringing  up  water 
from any  given d ep th ; and th e  principle of the 
construction of th e  w ater-bottle used in  th e  4 Por
cupine * was faulty . I t  consists of a s trong  tube of 
brass about tw o feet in  leng th  and  two inches in  
in ternal diam eter, containing ra th e r m ore th an  a 
litre  and  a  half, and closed a t  each end by a brass 
disk. In  th e  centre of each of these disks there 
is a round apertu re  closed by a  w ell-ground conical 
valve, both valves opening upw ards w hen th e  in stru 
m ent is in  position for being le t down.

In  passing down th rough  th e  w ater, a  continuous 
cu rren t is supposed to  raise th e  valves and ru n  
through th e  bottle, th u s  keeping i t  constantly  filled 
w ith th e  w ater of th e  layer th rough  w hich i t  is 
passing. O n reversing th e  m otion in  hauling  up, 
th e  valves fall in to  th e ir  places, and  th e  contents 
of the tube a t th e  g reatest depth are brought to
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th e  surface. This bottle appeared to  answer fairly, 
and we often had evidence, from its  tu rb id ity , th a t 
bottom-water came up ; b u t subsequent experiments 
have shown th a t i t  cannot be depended upon, and 
some of the reasons are sufficiently obvious. The 
instrum ent will not work a t a ll unless th e  descend
ing motion be sufficiently steady and rapid to  main
tain  a curren t capable of keeping two heavy brass 
valves open to  th e ir fu ll e x te n t; if  there  be the 
slightest reversal, or jerk , or irregu larity  in  hauling 
up, the w ater is—at all events partia lly—changed ; 
the two valves, even when thoroughly  open, are 
directly in  the p a th  of th e  ingress and egress of 
th e  w ater—and there is reason to  believe th a t the 
water is not so rapidly and thoroughly changed as 
we a t first imagined. A  perfectly satisfactory water- 
bottle is still a desideratum , b u t I believe th a t  one 
which was used by Dr. M ayer and D r. Jacobsen 
in  the German N orth  Sea expedition of th e  past 
Rummer, goes far to  remedy m ost of these defects. 
I hope we may be in  a  b e tte r  position to  give an 
opinion a  year hence.

I  give, in  th e  appendix to th is  chapter, an  abstract 
of the general results of th e  chemical investigations 
carried on during th e  ‘ Porcupine * cruises of 1869 ; 
and I  add a note, for which I  am  indebted to my 
friend Mr. J .  Y. Buchanan, who accompanies me as 
chem ist to th e  ‘ C hallenger9 expedition, which will 
show how much has yet to  be done before we can 
hope to  come to any really satisfactory conclusion 
as to  th e  am ount and condition of th e  gases con
tained in  sea-water. N either, I  reg ret to  say, can 
we place much reliance on th e  determ ination of
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organic m atte r in  sea-water by th e  perm anganate 
m ethod, although there is every probability th a t 
th e  general resu lt a t  which we arrived—th a t organic 
m atter is contained in  th e  w ater of the ocean in 
all localities and  a t  all depths—is substantially true. 
The application of th e  exact methods of modern 
science to  th is  line of inquiry  is new, and i t  will 
require long and  p a tien t work to  bring i t  to  per
fection. The one real advance w hich has been made 
in  th is direction is th e  addition to th e  appliances for 
th e  investigation of th e  physics of the deep sea ; of a 
correct and  tru stw orthy  in strum ent by which ocean 
tem peratures can be ascertained to  any depth w ith 
w hat m ay be regarded as absolute accuracy for all 
practical purposes.

K U X Ü ,  K R O M  V A \ V  I N  B O I I L H ) .
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A P P E N D IX  A.

S u m m a r y  o f  th e  R e su lts  o f  the  E x a m in a t io n  o f  S a m p le s  o f  S ea 
w a te r  ta k e n  a t  the  S u r fa c e  a n d  a t  v a r io u s  D ep th s. B y  W m . 
L a n t  C a r p e n t e r , B .A ., B .Sc.

S u rfa ce -w a ters .— C a re  w as ta k e n  to  o b ta in  th e s e  sa m p le s  as  
p u re  a s  p o ssib le , a n d  fre e  fro m  a u y  c o n ta m in a tio n  c a u s e d  by  
m a tte r s  d e r iv e d  f ro m  th e  v esse l, b y  d ip p in g  th e m  u p  in  c lean  
v esse ls  a t  a  few  in c h e s  b e lo w  th e  s u r fa c e  a t  o r  n e a r  th e  b o w  
o f  th e  sh ip . I n  tw o  in s ta n c e s , h o w ev er, th e  s a m p le s  w e re  ta k e n  
fro m  a b a f t  t h e  p ad d les .

W a ters  ta k e n  a t  dep th s  below th e  su rface .— I t  w a s  fo u n d  
d e s ira b le  to  c o a t  t h e  b ra s s  W a te r - B o tt le s  in te r n a l ly  w ith  
se a lin g -w a x  v a rn is h , o w in g  to  t h e  c o rro s iv e  a c t io n  o f  t h e  sea 
w a te r . T h e  a p p a ra tu s  w as th e n  fo u n d  to  w o rk  p e r fe c t ly  s a tis 
fa c to r ily  in  a l l  cases in  w h ic h  th e re  w as su ff ic ie n t w e ig h t  o n  th e  
so u n d in g - lin e  to  w h ic h  th e y  w e re  a t ta c h e d  to  k e e p  th e  b o ttle s  
p e rp e n d ic u la r , o r  n e a r ly  so . W h e n , f ro m  th e  s m a lln e s s  o f  th e  
a tta c h e d  w e ig h t, o r  th e  ro u g h n e ss  o f  t h e n e a ,  th e  so u n d in g -lin e  
w a s  a t  a n  a c u te  an g le  w ith  t h e  g e n e ra l  le v e l  o f  t h e  sea -su rface  
w h ile  i t  w a s  b e in g  d ra w n  u p , th e  re s u l ts  o f  th e  e x a m in a tio n  o f 
w a te r  th u s  o b ta in e d  re n d e re d  i t  h ig h ly  p ro b a b le  t h a t  so m e  w a te r  
a t  o r  n e a r  th e  su rfa ce  h a d  fo u n d  i t s  w a y  in to  th e  b o tt le ,  a n d  th a t  
i t s  c o n te n ts  w e re  n o t  to  b e  re lie d  o n  a s  c o m in g  fro m  th e  lo w est 
d e p th s .

W h e n  b o tto m -w a te r  w as o b ta in e d  fro m  d e p th s  b e y o n d  5 0 0  
fa th o m s , i t  w as  a lm o s t in v a r ia b ly  c h a rg e d  w i th  a  q u a n t i ty  o f 
v e ry  fin e  m u d  in  su sp e n s io n , r e n d e r in g  i t  q u i te  tu rb id .  M a n y  
h o u rs ’ s ta n d in g  w a s  n e c e ssa ry  fo r  th e  d e p o s it  o f  th i s  ; b u t  i t  w as 
re a d ily  re m o v e d  b y  f il tra tio n . I n  n o  in s ta n c e  w a s  th e re  a n y  
e v id en c e  o f  w a te r  from  g re a t  d e p th s  b e in g  m u c h  m o re  h ig h ly
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charge.d  w i th  d is so lv e d  g a se s  t h a n  su rfa c e -w a te rs  ; a  c o n s id e ra b le  
e le v a tio n  o f  te m p e ra tu re  b e in g  in  a ll  coses n e c e s sa ry  fo r  th e  
e v o lu tio n  o f  a n y  d is so lv e d  gas.

M ode o f  e x a m in in g  S a m p le s .— T h e  s a m p le s  o f  w a te r  th u s  
ta k e n  w e re  e x a m in e d  w ith  a s  l i t t l e  d e la y  a s  p o ss ib le , w ith  a  
v iew  to  d e te rm in e  :—

(1) T h e  sp ec if ic  g ra v i ty  o f  th e  w ater.
(2 )  T h e  to ta l  q u a n t i t y  o f  d isso lv e d  g a se s  c o n ta in e d  in  th e m ,

a n d  th e  re la t iv e  p ro p o r t io n s  o f  o x y g en , n itro g e n , a n d  
c a rb o n ic  acid .

(3) T h e  q u a n t i ty  o f  o x y g e n  n e c e ssa ry  to  o x id iz e  t h e  o rg a n ic
m a t te r  c o n ta in e d  in  th e  w a te r  ; d is t in g u is h in g  b e tw e e n

a ,  t h e  d e co m p o se d  o rg a n ic  m a tte r , a n d
b, th e  e a s ily  d e co m p o sa b le  o rg a n ic  m a tte r .

(1 ) T h e  sp ec if ic  g ra v i ty  d e te rm in a tio n s  w e re  m a d e 'a t  a  te m 
p e ra tu re  a s  n e a r  60° F a h r , a s  p o ss ib le , w i th  d e lic a te  g la ss  h y 
d ro m e te rs , so  g ra d u a te d  t h a t  th e  sp ec ific  g ra v i ty  c o u ld  b e  re a d  
o ff d ire c t ly  to  th e  f o u r th  d e c im a l p la c e  w i th  ease.

(2 ) T h e  a p p a r a tu s  fo r  th e  a n a ly s is  o f  th e  g ases  d isso lv e d  in  
th e  s e a -w a te r  ,w a s  e s s e n tia l ly  t h a t  d e sc r ib e d  b y  P ro f. M ille r  
in  th e  se c o n d  v o lu m e  o f  h is  * E le m e n ts  o f  C hem istry .*  I t  w as 
fo u n d  n e c e s sa ry  to  m a k e  s e v e ra l m o d if ic a tio n s  in  i t ,  to  a d a p t  i t  
to  th e  m o tio n  o f  t h e  v esse l. T h e se  c o n s is te d  ch ie fly  in  s u s 
p e n d in g  m u c h  o f  i t  fro m  th e  c a b in -c e ilin g , in s te a d  o f  su p p o rtin g  
i t  fro m  b e n e a th , a n d  in  r e n d e r in g  a l l  th e  p a r ts  le ss  r ig id  b y  a  
free  u s e  o f  c a o u tc h o u c  tu b in g , &c., t h e  u tm o s t  c a re  b e in g  ta k e n  
to  k e e p  a l l  j o in t s  t ig h t .

I t  w a s  fo u n d  p o s s ib le  to  m a k e  c o r re c t  a n a ly se s , e v en  w h e n  
th e  v e sse l w as ro l l in g  su ff ic ie n tly  to  u p s e t  c h a ir s  a n d  c ab in - 
fu rn itu re .

T h e  m e th o d  o f  a n a ly s is  m a y  be  th u s  s u m m a r iz e d :— F ro m  
700 to  800 c u b ic  c e n tim e tr e s  o f  th e  s a m p le  to  b e  e x am in ed  
w e re  b o ile d  fo r  a b o u t  th i r ty  m in u te s , in  s u c h  a  w a y  th a t  th e  
s te a m  a n d  m ix e d  g a se s  e v o lv e d  w e re  c o lle c te d  o v e r m e rc u ry  in  
a  s m a ll  g ra d u a te d  B u n s e n ’s  g a s -h o ld e r , a l l  access  o f  a i r  b e in g  
c a re fu lly  g u a rd e d  a g a in s t. T h e  m ix e d  g ases  w e re  th e n  t r a n s 
fe rre d  to  tw o  g ra d u a te d  tu b e s  in  a  m e rc u r ia l  t ro u g h , w h e re  th e
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c a rb o n ic  a c id  w as f irs t a b so rb e d  b y  a  s tro n g  s o lu t io n  o f  cau s tic  
p o ta s h ;  a n d  s u b se q u e n tly  th e  o x y g e n  w as ab so rb ed  b y  th e  
a d d itio n  o f p y ro g a llic  a c id , th e  r e m a in in g  g a s  b e in g  a ssu m e d  to  
b e  n itro g en .

T h e  re su lts  o f th e  a n a ly s e s  w e re  a lw a y s  c o rre c te d  to  th e  
s ta n d a rd  te m p e ra tu re  o f  0° C en t., a n d  to  7 6 0  m illim etres*  b a ro 
m e tr ic  p re ssu re , fo r  co m p ariso n  a m o n g  th e m se lv e s  a n d  w ith  
o th e rs . I n  n e a r ly  e v e ry  case  t h e  d u p l ic a te  a n a ly s e s  fro m  th e  
sam e  g aseo u s m ix tu r e  a g re e d  c lo se ly , i f  th e y  w e re  n o t  id e n tic a l.

(3 ) T lie  e x a m in a tio n  o f  th e  s e a -w a te r  fo r  o rg a n ic  m a t te r  w as 
m a d e  acco rd in g  to  th e  m e th o d  d e ta i le d  b y  P ro f . M il le r  in  th e  
J o u rn a l  o f  th e  C h em ica l S o c ie ty  fo r  M ay  186 5 , w ith  a n  a d d itio n  
su g g ested  b y  D r. A n g u s  S m ith . E a c h  sa m p le  o f  w a te r  w as 
d iv id e d  in to  tw o ;  to  o n e  o f  th e s e  a  l i t t l e  free  a c id  w as added , 
a n d  to  b o th  a n  ex cess  o f  a  s ta n d a rd  s o lu t io n  o f  p e rm a n g a n a te  
o f  p o ta sh . A t  th e  e n d  o f  th re e  h o u rs  th e  re a c tio n  w as s to p p ed  
b y  th e  a d d it io n  o f  io d id e  o f  p o ta s s iu m  a n d  s ta rc h , a n d  th e  
ex cess  o f  p e rm a n g a n a te  e s tim a te d  b y  a  s ta n d a rd  so lu tio n  o f 
h y p o su lp h id e  o f soda. T h e  p o r t io n  to  w h ic h  free  a c id  w as ad d ed  
g av e  th e  o x y g e n  re q u ire d  to  o x id iz e  t h e  d e co m p o se d  a n d  eas ily  
d eco m p o sab le  o rg a n ic  m a t t e r ;  t h e  seco n d  p o r t io n  g a v e  th e  
o x y g en  re q u ire d  by  th e  d eco m p o sed  o rg a n ic  m a t te r  a lo n e , w h ich  
w as u s u a lly  from  a b o u t o n e -h a lf  to  o n e - th ird  o f  t h e  w hole.

T h e  fo llo w in g  is  a  s u m m a ry  o f  th e  to t a l  n u m b e r  o f  o b se r
v a tio n s , an a ly ses, &c., m ad e  d u r in g  th e  th re e  c ru ise s  re sp ec 
t iv e ly  :—

First
Cruise.

8ccond
Cruise.

Third
Cruise. Totel.

Specific-gravity determ inations . 72 27 26 125

D uplica te  gas-analyses . . . . 45 23 21 8 9  •

O rgam c-m atter t e s t s ........................ 137 26 32 195

Specific  G ra v ity .— T h e  specific  g ra v ity  o f su rfa c e -w a te r  w as 
fo u n d  to  d im in is h  s l ig h t ly  as  la n d  w as a p p ro a c h e d ;  b u t  th e
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a v e ra g e  o f  th i r ty - tw o  o b se rv a tio n s  u p o n  w a te r  a t  a  su ffic ien t 
d is ta n c e  fro m  la n d  to  b e  u n a ffe c ted  b y  lo c a l d is tu rb a n c e s  w as 
1 0 2 7 7 9 , t h e  m a x im u m  b e in g  1 0 2 8 4  a u d  th e  m in im u m  1-0270.

I t  w as a lm o s t  a lw a y s  n o tic e d  th a t ,  d u r in g  a  h ig h  w in d , th e  
sp ec ific  g ra v i ty  o f  su rfa c e -w a te r  w a s  above t h e  average.

T h e  a v e ra g e  o f  t h i r t y  o b se rv a tio n s  u p o n  th e  spec ific  g ra v ity  
o f in te rm e d ia te  w a te r  w a s  1*0275, t h e  m a x im u m  b e in g  1*0281 
a n d  th e  m in im u m  1*0272.

T h e  sp ec ific  g ra v i ty  o f  b o tto m -w a te rs  a t  d e p th s  v a ry in g  
from  7 7  to  2 ,0 9 0  fa th o m s , d e d u c e d  from  a n  a v e rag e  o f  fo r ty -  
th r e e  o b se rv a tio n s , w a s  1*0277, th e  m a x im u m  b e in g  1*0283 a n d  
th e  m in im u m  1*0267.

I t  w il l  b e  n o tic e d  t h a t  t h e  a v e ra g e  sp ec ific  g ra v i ty  o f  b o tto m - 
w a te r  is  s l ig h t ly  le s s  th a n  t h a t  o f  su rfa ce -w a te r . I n  s ev e ra l 
in s ta n c e s  t h e  sp ec ific  g ra v it ie s  o f  su rfa c e -  a n d  o f  b o tto m -w a te rs  
t a k e n  a t  t h e  sa m e  p la c e  h a v in g  b e e n  c o m p ared , t h a t  o f  th e  
b o tto m -w a te r  w as fo u n d  to  b e  a p p re c ia b ly  le s s  th a n  th a t  o f  th e  
s u rfa c e -w a te r . T h u s —

A t 1425 fathom s’ d ep th  (S ta tion  17) i t  was . . 1-0260
Surface a t  th e  s a m e ....................................  1*0280

A n d
A t 664 fathom s’ d ep th  (S ta tio n  26 b) i t  was . . 1 -0272
S urface a t  th e  s a m e ....................................  1 -0280

A cco rd in g , h o w e v e r, to  a  s e r ie s  o f  o b se rv a tio n s  m a d e  a t  th e  
sam e  s p o t (S ta t io n  4 2 )  a t  in te r v a ls  o f  f if ty  fa th o m s, fro m  50  to  
8 0 0 , t h e  sp ec if ic  g ra v i ty  in c re a se d  w ith  t h e  d e p th  fro m  1*0272 
a t  50  fa th o m s  to  1*0277 a t  8 0 0  fa th o m s.

S e v e ra l  s e r ie s  o f  sp e c if ic -g ra v ity  o b se rv a tio n s  w e re  m a d e  n e a r  
th e  m o u th s  o f  r iv e r s  a n d  s tr e a m s  ; sh o w in g  th e  g ra d u a l  m ix tu re  
o f  fre sh  a n d  s a l t  w a te r , a n d  th e  f lo a tin g  o f  l ig h te r  p o r tio n s  above 
th e  d e n se r  s e a -w a te r , a s  w e ll as  t h e  re v e rse  e ffec t p ro d u c e d  by  
th e  in f lu e n c e  o f  t i d a l  c u r re n ts .  T h u s  o u ts id e  B e lfa s t L o u g h  a 
r a p id  s tr e a m  o f  w a te r  o f  sp ec ific  g ra v i ty  1*0270 w a s  fo u n d  above 
w a te r  w h ic h , a t  a  d e p th  o f  s e v e n ty - th re e  fa th o m s , h a d  a  specific  
g ra v i ty  o f  1*0265.

Oases o f  S e a -w a te r .— T h e  a n a ly se s  o f  t h e  g aseo u s c o n s ti tu e n ts  
o f  s e a -w a te r  m a y  b e  d iv id e d  in to  tw o  g ro u p s  : (1 ) A n a ly se s  o f
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su rface -w ate rs . (2 ) A n a ly se s  o f  w a te rs  b e lo w  th e  su rfa ce  ; an d  
th e se  l a s t  m a y  b e  a g a in  s u b d iv id e d  in to  (a )  in te rm e d ia te , a n d  
(b) b o tto m -w ate rs .

T h e  to ta l  q u a n t i ty  o f  d is so lv e d  g ases  in  sea -w a te r , w h e th e r  
a t  t h e  su rfa ce  o r  b e lo w  i t ,  w as  fo u n d  to  a v e rag e  a b o u t  2 8 
v o lu m es  in  100 v o lu m es  o f  w a te r .

T h e  av e rag e  o f  th i r ty  a n a ly se s  o f  su rfa c e -w a te rs  m a d e  d u rin g  
th e  ex p ed itio n  g a v e  th e  fo llo w in g  p ro p o r tio n s  :—

Percentage. Proportion.
O x y g e n .....................  25 046 100
N itrogen  . . . 54*211 216
Carbonic a c id . .  . 2 0 7 4 3  80

100-000

T h ese  w ere  th u s  d is tr ib u te d  o v e r t h e  th re e  c ru ise s , a n d  th e  
m a x im a  a n d  m in im a  o f  e ac h  c o n s t i tu e n t  a re  th u s  sh o w n  :—

If
Avomgo per

centage.
Average

proportion. Oxygen. Nltrogon. Carboulo
Acid.

i ! Oxy
gen.

N itro
gen.

Car
bonic
Acid.

O. N. c o a Max.
por

cent.

Min
per

cent.

Max.
per

cent.

Min.
per

cent.

Max.
per

cont.

Min.
por

cent.

F irs t Cruise . 10 24 47 52-05 22-68 100 216 02 28-78 1060 02 06 46-36 32 0 1272

8econd Cruise. 2 31 33 64-85 13 82 100 175 44 37-10 26-56 50-63 5007 24-37 3-27

Tbird Cruise . 0 24 86 56-73 18-41 100 228 74 45-28 13 08 68-67 41-42 2714 6-64

I t  is  in te re s t in g  to  r e m a rk  th a t  su rfa c e -w a te r  c o n ta in s  a 
g re a te r  q u a n t i ty  o f  o x y g e n  a n d  a  le s s  q u a n t i ty  o f  c a rb o n ic  acid  
d u r in g  th e  p re v a le n c e  o f  s tro n g  w in d . T h e  fo llo w in g  is  a n  
av erag e  o f  five  a n a ly se s  m a d e  u n d e r  s u c h  c o n d itio n s  :—

P er c e n t Proportion.
t  Oxygen . . . .  2 9 1 0  100

5 1 N itrogen  .  . . 62 '87 182
I  C arbonic acid  . . 18 03  62

General average.
2 5 0 4 6  100
54-211 216
20-743 83

I n  th e  tw o  cases w h ic h  p re s e n te d  th e  re m a rk a b le  sm a ll 
m in im a  o f  c a rb o n ic  a c id  w i th  a  g re a t  e x c e ss  o f  o x y g e n , th e  
w a te r  h a d  b e e n  a c c id e n ta lly  ta k e n  f ro m  im m e d ia te ly  a b a f t 
t h e  p ad d le s , w h e re  i t  h a d  b e en  s u b je c t  to  v io le n t  a g ita tio n  
in  c o n ta c t  w ith  a ir.
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O f  w a te r  a t  v a r io u s  d e p th s  b e n e a th  t h e  su rface , f if ty -n in e  
a n a ly s e s  w e re  m a d e . T h o se  in  t h e  f ir s t  c ru ise , tw e n ty - s ix  
in  n u m b e r , w e re  c h ie f ly  f ro m  b o tto m -w a te r  a t  d e p th s  f ro m  
25  to  1 ,4 7 6  fa th o m s . I n  th e  s e c o n d  c ru is e  th e  tw e n ty -o n e  
a n a ly se s  c h ie f ly  b e lo n g e d  to  tw o  series ,— th e  f ir s t  o f  s a m p le s  
ta k e n  a t  in te rv a ls  o f  2 5 0  fa th o m s , f ro m  2 ,0 9 0  to  2 5 0  fa th o m s  
in c lu s iv e ;  a n d  th e  se c o n d  o f  s a m p le s  taken* a t  in te rv a ls  
o f  f if ty  f a th o m s  f ro m  8 6 2  to  4 0 0  fa th o m s  in c lu s iv e . I n  th e  
th i r d  c ru is e  tw e lv e  a n a ly se s  w e re  m a d e ,— e ig h t  o f  b o tto m -w a te r , 
o f w h ic h  o n e -h a lf  w e re  in  t h e  “ c o ld  a re a ,” a n d  fo u r  a t  in te r 
m e d ia te  d e p th s .

T h e  g e n e ra l  a v e ra g e  o f  th e  f if ty -n in e  a n a ly se s  o f  w a te r  ta k e n  
b e lo w  th e  su rfa c e  g iv e s  :—

Percentage. Proportion.
O x y g e n .............................. 20’568 100
N itro g en  . . . . .  52 '240  264
C arbonic a c i d . . . . 27*192 132

100-000

I t  w il l  b e  s e e n  f ro m  th i s  t h a t  w h ile  t h e  q u a n t i t y  o f  n i t ro g e n  
is  o n ly  1-97  p e r  c e n t, le s s  t h a n  i n  su rfa c e -w a te r , t h e  q u a n t i ty  o f 
oxygen  is  d im in is h e d  b y  4 '4 8  p e r  c e n t., a n d  th e  q u a n t i ty  o f 
c a rb o n ic  a c id  in c re a s e d  b y  6 '4 5  p e r  c e n t. T h is  d iffe ren c e  is  
g re a te r  i f  b o t to m - w a te r s  o n ly  a re  c o m p a re d  w i th  su rfa ce -w a te rs .

80 Surface. 24 Interm ediate. 86 Bottom .

P er c e n t Proportion. P er cent. P roportion. P er cent. P ropor
tion.

Oxygen . . . 25-05 100 2 2 0 3 100 19-63 100

N itrogen  . . . 54*21 216 61*82 235 62-60 261

Carbonic ac id  . 20*74 83 26-15 119 * 27*87 143

100*00 100-00 10000

T h e  tw o  s e r ie s  o f  a n a ly s e s , b e fo re  re fe r re d  to ,  p e r fo rm e d  
d u rin g  th e  s e c o n d  c ru is e  u p o n  in te rm e d ia te  w a te rs  a t  su cc e ss iv e  
d e p th s  o v e r  t h e  sa m e  s p o t ,  b o th  sh o w  a  re g u la r  in c re a se  o f  th e
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c a rb o n ic  a c id  a n d  d im in u t io n  o f  th e  o x y g e n , a s  t h e  d e p th  
in c re a se s , t h e  p e rc e n ta g e  o f  n itro g e n  v a ry in g  b u t  s l ig h tly .

T h e se  g e n e ra l  re s u l ts  a p p e a r  to  sh o w  t h a t  t h e  o x y g e n  d im i
n is h e s  a n d  th e  c a rb o n ic  a c id  in c re a se s  w i th  th e  d e p th  u n t i l  th e  
b o tto m  is  re a c h e d  ; b u t  t h a t  a t  t h e  b o tto m , w h a te v e r  t h e  d e p th  
f ro m  th e  su rfa c e , t h e  p ro p o r tio n s  o f  c a rb o n ic  a c id  a n d  o f  o x y g e n  
do  n o t  c o n fo rm  to  t h i s  la w , b o t to m - w a te r  a t  a  c o m p a ra tiv e ly  
s m a ll  d e p th  o f te n  c o n ta in in g  as  m u c h  c a rb o n ic  a c id  a n d  a s  l i t t l e  
o x y g e n  a s  in te rm e d ia te  w a te r  a t  a  g r e a te r  d e p th . N o  in s ta n c e  
o c c u rre d  d u r in g  th e  f ir s t  tw o  c ru is e s  in  w h ic h  (w h e re  sa m p le s  
o f  su rfa c e  a n d  in te rm e d ia te  o r  b o tto m -w a te rs  w e re  ta k e n  a t  th e  
sa m e  p la ce )  t h e  q u a n t i ty  o f  c a rb o n ic  a c id  w a s  le s s  a n d  o f 
o x y g e n  g re a te r  th a n  a t  th e  su rfa c e  ; th e  o n ly  e x c e p tio n  o c cu rred  
iÜ th e  t h i r d  c ru ise , a t  a  p la c e  w h e re , i t  i s  b e lie v e d , c u r re n ts  o f 
w a te r  w e re  m e e tin g .

I t  w as f r e q u e n t ly  n o tic e d  t h a t  a  la rg e  p e rc e n ta g e  o f  c a rb o n ic  
a c id  in  b o tto m -w a te r  w a s  a c c o m p a n ie d  b y  a n  a b u n d a n c e  o f 
a n im a l  life , as  sh o w n  b y  th e  d re d g e  ; a n d  t h a t  w h e re  th e  d re d g e -  
r e s u l ts  w e re  b a r re n , th e  q u a n t i ty  o f  c a rb o n ic  a c id  w a s  m u c h  
s m a lle r . T h e  g r e a te s t  p e rc e n ta g e  o f  c a rb o n ic  a c id  e v e r  fo u n d  
w a s  a cc o m p a n ied  b y  a n  a b u n d a n c e  o f  l i f e ;  w h ile  a t  a  s h o r t  
d is ta n c e  (6 2  fa th o m s) a b o v e  th e  b o tto m , t h e  p ro p o r t io n  o f  c a r 
b o n ic  a c id  w a s  c o n fo rm a b le  to  th e  la w  o f  v a r ia t io n  w i th  d e p th  
b e fo re  re fe r re d  to  :—

B ottom , 862 fras. 800  fms. 760 fms.
O xygen . . . . . 17-22 17-79 18-76
N itro g e n . . . . . 34-50 48-46 49-32
Carbonic ac id  . . . 48-28 33-75 31-92

100-00 100-00 100 00

T h e  lo w e s t  p e rc e n ta g e  o f  c a rb o n ic  a c id  (7"93) e v e r  fo u n d  in  
b o tto m -w a te r , o c c u rr in g  a t  a  d e p th  o f  3 6 2  fa th o m s , w a s  a c 
c o m p a n ie d  b y  a  “  v e ry  b a d  h a u l .”

I n  c ro ss in g  th e  w id e  c h a n n e l  f ro m  th e  n o r th - w e s t  o f  I r e la n d  
to w a rd s  R o c k a ll ,  w h e re  th e  w a te r  fo r  so m e  d is ta n c e  is  o v e r 
1 ,0 0 0  fa th o m s  d e p th , so  t h a t  th e  o th e r  c irc u m s ta n c e s  v a r ie d  v e ry  
l i t t l e ,  i f  a t  a ll, th e  p ro p o r tio n  o f  c a rb o n ic  a c id  a p p e a re d  to  v a ry  
w i th  th e  d re d g e -re su lts  ; so  t h a t  t h e  a n a ly s t  v e n tu r e d  to  p r e d ic t
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w h e th e r  th e  c o lle c tio n  w o u ld  b e  good  o r  n o t  b e fo re  t h e  d re d g e  
c a m e  to  th e  su rfa c e — d ra w in g  h is  in fe re n c e  fro m  th e  re s u l ts  o f 
h is  a n a ly se s  o f  t h e  g a se s  o f  t h e  b o tto m -w a te r . I n  e ac h  case  
h is  p re d ic t io n  w a s  ju s t i f ie d  b y  th e  re s u lt .

S t a t i o n  17 . S t a t io n  19. 8 T A T IO N  20 . S t a t io n  31.
1 ,4 2 6  f in s . 1,800 fm s. 1,443 fin s. 1 ,4 7 0  f tn s .

O xygen . . . . 16-14 17-92 21-34 • 16-68
N itro g en  . . . . 4Ö-78 45-88 47-51 4 3 4 6
C arbonic ac id  . . 35*07 36-20 3 1 1 5  • 3 9 8 6

10 0 0 0 100-00 1 0 0 0 0 100-00
G ood haul. G ood haul. B a d  hauL Good hau l.

I n  th e  a n a ly s e s  m a d e  o f  t h e  w a te r  in  t h e  c o ld  a re a , a n d  
g e u e ra l ly  in  th e  t h i r d  c ru is e , th e re  a p p e a rs , a s  m ig h t  b e  
e x p e c te d  f ro m  th e  v a r io u s  c u r re n ts ,  &c., a  g r e a te r  v a r ia t io n  in  
th e  r e s u l ts  t h a n  in  t h e  o th e r  se ries . I n  t h e  b o t to m  a n d  in te r 
m e d ia te  w a te rs  th e  n i tro g e n  a p p e a rs  to  b e  r a th e r  in  ex cess  o f 
th e  a v e rag e , a n d  th e  c a rb o n ic  a c id  h a s  a  la rg e  ra n g e  o f  v a r ia 
t io n — fro m  7 ’58  p e r  c e n t, a t  S ta t io n  4 7  (5 4 0  fa th o m s , te m p . 
4 3 0,8 ) to  4 5  7 9  p e r  c e n t, a t  S ta t io n  5 2  (3 8 4  fa th o m s , 3 0 o-6 
F a h r.) . T h e  av e rag e  o f  t h e  su rfa c e -w a te rs  i s  m u c h  t h e  sa m e  as  
in  th e  o th e r  p a r t s  o f  th e  c ru ise .

I t  m a y  b e  w o r th  n o tic e  t h a t  in  lo c a l i t ie s  w h e re  t h e  g r e a te s t  
d e p th  d id  n o t  e x c e e d  1 5 0  fa th o m s , t h e  r e s u l ts  o f  t h e  g a s -a n a ly s is  
o f  b o tto m - a n d  s u r fa c e -w a te r  w e re  f r e q u e n t ly  so  n e a r ly  t h e  sam e , 
w h a te v e r  t h e  a m o u n t  o f  a n im a l  l i f e  o n  t h e  b o tto m , a s  to  le a d  
to  th e  s u p p o s it io n  t h a t  th e re  m ig h t  b e  a t  t h a t  l i m i t  a  su ffic ie n t 
c irc u la tio n , e i th e r  o f  t h e  p a r t ic le s  o f  t h e  w a te r  i t s e l f  o r  o f  th e  
gases- d is so lv e d  in  i t ,  to  k e e p  th e  g a se o u s  c o n s t i tu t io n  a lik e  
th ro u g h o u t. T h e  co in c id en c e  o f  th i s  d e p th  w i th  t h e  e x tre m e  
d e p th  a t  w h ic h  f ish  a r e  u s u a l ly  fo u n d  to  e x i s t  in  th e s e  se a s  is  
su g g estiv e .

O rg a n ic  m a tte r . — W ith  a  v iew  to  t e s t  th e  m e th o d  o f  a n a ly s is  
b y  p e rm a n g a n a te  o f  p o ta sh , tw o  o r  th re e  se r ie s  o f  a n a ly s e s  w ere  
m a d e  w h e re  fre sh  a n d  s a l t  w a te r  m ix e d  to g e th e r , a s  in  K ill ib e g s  
H a rb o u r , D o n e g a l B a y , &c. ; a n d  th e  r e s u l t s  in  a l l  c ases  ju s t if ie d  
th e  e x p e c ta t io n  fo rm e d , t h a t  t h e  a m o u n t  o f  p e rm a n g a n a te  w as 
a n  in d e x  o f  t h e  c o m p a ra t iv e  p u r i t y  o f  th e  w a te r , b o th  a s  re g a rd s  
th e  “  d e co m p o se d  ”  a n d  th e  “  d e co m p o sa b le  ” o rg a n ic  m a tte r .
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D is re g a rd in g  th e  a b o v e  se rie s , a  to ta l  o f  13*4 e x p e r im e n ts  w ere 
m a d e  u p o n  s e a -w a te r , w liic h  m a y  b e  th u s  d iv id e d  :—

56 upon surface-water,
18 „  interm ediate water, 
60 „  bottom-water,

134

d u r in g  th e  f ir s t  a n d  th i r d  cru ises.
T h e  re s u lts  a re  g iv e n  in  th e  q u a n t i ty  o f  o x y g e n  in  fra c tio n s  

o f  a  g ram m e  re q u ire d  to  o x id iz e  t h e  o rg a n ic  m a t te r  in  a  l i t r e  o f 
w a te r .

A v e ra g e  o f  56  a n a ly se s  o f  su rfa c e -w a te r  :—

No.
28. Decomposed. 
28. Decomposable

Decomposed. . . 
Decomposable . . 

Total . . .

000025
000070

Total 0-00095.

M axim um .
000094
000100
000194

M inim um .

0*00000
0-00000
o-ooooo

4 cases. 
1 case. 
1 case.

A v e ra g e  o f  18  a n a ly se s  o f  in te rm e d ia te  w a te r
No.
9. Decomposed . 
9. Decomposable.

0  00005 1 _  t Ä 
0  00034 i  Total 0 •00039.

I n  7 o u t  o f  9 th e r e  w a s  no  “ d e co m p o se d  ” o rg a n ic  m a t te r  ; 
a n d  in  3 o u t  o f 9 th e re  w as n o  o rg a n ic  m a t te r  a t  a ll , a s  in d i 
c a te d  b y  th i s  te s t .

I n  th i s  se ries  t h e  a n a ly se s  o f  th e  o b se rv a tio n s  m a d e  d u r in g  
th e  se c o n d  c ru is e  a re  n o t  in c lu d e d , a s  th e  c a lc u la t io n s  h av e  
b e e n  d if fe re n tly  m ade.

A v e rag e  o f  60  a n a ly se s  o f  b o tto m -w a te r  :—

N o.
26. Decomposed . 
34. Decomposable.

Decomposed . .
Decomposable . .

Total . .

M aximum .
000105
000148
0 0 0 2 5 3

0-00047 
000041

M inim um .
o-ooooo 
o-ooooo 
000000

Total 0-00088

2 cases. 
1 case.
1 case.
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T h e se  f ig u re s  a p p e a r  to  sh o w  (1 ) t h a t  in te rm e d ia te  w a te rs  a re  
m o re  free  f ro m  o rg a n ic  c o n ta m in a tio n  th a n  e i th e r  su rface - o r 
b o tto m -w a te rs , a s  m ig h t  b e  e x p e c te d  fro m  th e  c o m p a ra tiv e  
a b se n c e  o f  a n im a l  life  in  th e s e  w a te rs  ; (2) t h a t  t h e  to ta l  a b sen ce  
o f  o rg a n ic  m a t te r  i s  le a s t  f r e q u e n t  in  b o tto m -w a te rs , a n d  m o s t 
f r e q u e n t  i n  in te rm e d ia te  w a te rs , su rfa c e -w a te rs  o c c u p y in g  a  
m id d le  p la c e  in  th i s  r e s p e c t ;  a n d  (3 ) t h a t  th e re  i s  n o t  m u c h  
d iffe ren ce  b e tw e e n  b o tto m -  a n d  su rfa c e -w a te rs , e i th e r  in  th e  to ta l  
q u a n t i ty  o f  o rg a n ic  c o n ta m in a tio n  o r  in  t h e  re la t iv e  p ro p o r
t io n s  o f  t h e  “  d e co m p o se d  ” a n d  "  e a s ily  d eco m p o sab le  ” o rg an ic  
m a tte r .

I t  m a y  b e  w o r th  n o tic e  t h a t  w h e n  th e  b o tto m -w a te r  fro m  
g re a t d e p th s  w a s  m u d d y , te s ts  m a d e  b e fo re  a n d  a f te r  f i l tra tio n  
sh o w ed  t h a t  so m e  o f  t h e  o rg a n ic  m a t te r  w a s  re m o v e d  b y  th i s  
o p e ra tio n .

A PPEND IX  B.

R e su lts  o f  the  A n a ly s e s  o f  E ig h t  S a m p le s  o f  S e a - W a te r  col
lected d u r in g  the  T h ir d  C ru ise  o f  the  * P o rc u p in e /  B y  D r. 
F r a n k l a n d , F .B .S .

R o y a l  C o l l e g e  o f  C h e m i s t r t ,  
Novem ber 15£A, 1869.

D e a r  D r . C a r p e n t e r ,— H e re w ith  I  en c lo se  r e s u l ts  o f  an a ly se s  
o f  th e  s a m p le s  o f  s e a -w a te r  c o lle c te d  d u r in g  y o u r  r e c e n t  c ru ise  
in  th e  ‘ P o r c u p in e /

I  s h a l l  n o t  a t t e m p t  to  d ra w  a n y  g e n e ra l  c o n c lu s io n s  fro m  th e s e  
r e s u l t s ;  y o u r  o w n  in t im a te  k n o w le d g e  o f  th e  c irc u m sta n c e s  
u n d e r  w h ic h  th e  d if fe re n t s a m p le s  w e re  c o lle c te d  w il l  e n a b le  y o u  
to  d o  t h i s  m u c h  b e t t e r  t h a n  I .

T h e re  is , h o w e v e r, o n e  p o in t  w h ic h  is  h ig h ly  re m a rk a b le , a n d  
to  w h ic h  I  w o u ld  d ra w  y o u r  a t te n t io n  ; i t  i s  th e  la rg e  a m o u n t  o f  
v e ry  h ig h ly  n itro g e n iz e d  o rg a n ic  m a t te r  c o n ta in e d  in  m o s t o f
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th e  sam p les , a s  sh o w n  o f  th e  d e te rm in a tio n s  o f  o rgan ic  
ca rb o n  a n d  o rg an ic  n itro g e n , a n d  th e  p ro p o r tio n  o f o rgan ic  
c a rb o n  to  o rg a n ic  n itro g e n . F o r  th e  p u rp o se s  o f  co m p ariso n , I  
h a v e  a p p e n d e d  th e  re s u lts  o f  a n a ly se s  o f  T h a m e s -w a te r  a n d  of 
th e  w a te r  o f  L o ch  K a tr in e , th e  fo rm e r re p re se n tin g  p ro b ab ly  
a b o u t  a  f a i r  av e rag e  o f  th e  p ro p o r tio n  o f  o rg a n ic  n itro g e n  
re a c h in g  th e  s e a  in  th e  r iv e rs  o f  th i s  c o u n try , b u t  b e in g  p re 
su m a b ly  co n sid e ra b ly  g re a te r  th a n  t h a t  c o n tr ib u te d  b y  r iv e rs  in  
o th e r  p a r ts  o f  th e  w orld . I f  th is  b e  so, i t  fo llow s e i th e r  th a t  
so lu b le  n itro g en o u s  o rg a n ic  m a t te r  i s  b e in g  g e n e ra te d  fro m  in o r
g a n ic  m a te r ia ls  i n  t h e  sea , o r  t h a t  th is  m a t te r  i s  u n d e rg o in g  c o n 
c e n tra t io n  b y  th e  e v a p o ra tio n  o f  th e  ocean ,— th e  r iv e rs  an d  
s tre a m s  c o n tin u a lly  fu rn is h in g  a d d it io n a l  q u a n t i t ie s  w h ils t  th e  
w a te r e v a p o ra te d  ta k e s  n o n e  aw ay .

T h e  a m o u n ts  o f  c a rb o n a te  o f  l im e  g iv e n  in  t h e  ta b le  a re  ob 
ta in e d  b y  a d d in g  th e  n u m b e r  th re e  (re p re se n tin g  th e  s o lu b ili ty  of 
c a rb o n a te  o f  l im e  in  p u re  w a te r )  to  th e  te m p o ra ry  h a rd n e s s  w h ic h  
d e n o te s  th e  c a rb o n a te  o f  l im e  th ro w n  d o w n  o n  b o ilin g . A s  th e  
d e te rm in a tio n  o f  te m p o ra ry  h a rd n e s s  in  w a te r  c o n ta in in g  so 
m u c h  s a lin e  m a tte r  i s  n o t  v e ry  a c c u ra te , t h e  n u m b e rs  in  th e  
co lu m n s  h e a d e d  ‘ T e m p o ra ry  H a rd n e s s  * a n d  * C a rb o n a te  o f  L im e  ' 
m u s t  o n ly  b e  re g a rd ed  as  ro u g h  a p p ro x im a tio n s  to  th e  t r u th  ; 
m oreover, a  s m a ll  p ro p o r tio n  o f  c a rb o n a te  o f  m a g n e s ia  is  m ix e d  
w ith  th e  c a rb o n a te  o f  l im e  a n d  e s tim a te d  w ith  it.

I n  a l l  th e i r  p e c u lia r  fe a tu re s  th e s e  a n a ly t ic a l  r e s u l ts  ag ree  
w ith  th o se  w h io h  I  h a v e  p re v io u s ly  o b ta in e d  f ro m  n u m e ro u s  
s a m p le s  o f  s e a -w a te r  co lle c te d  b y  m y s e lf  o ff W o r th in g  a n d  
H a s tin g s .

Y o u rs  v e ry  t ru ly ,
E . F k a n k l a n d .
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• APPENDIX C.

Notes on Specimens o f  the Bottom  collected d u r in g  the F irst 
Cruise o f  the ‘ Porcupine' in  1869. By D avid F o rb e s , F.R.S.

A tlantic Mud  contained  in  a  sm all bo ttle  m arked * Soundings
No. 20, 1,443 fathom s.’

A  com plete analysis o f th is  sam ple  show s its  chem ical com 
position to  be as follows :—

Carbonate o f l i m e ........................................................ 50 ’ 12
A lum ina1 (‘ soluble in  acids ’) ...................... 1 33
Sesquioxide o f iron (‘ soluble in  ac id s’)* . . .  2*17
Silica (in a  soluble cond ition )........................... 5*04
Fine insoluble g ritty  sand (rock débris) . .. . 26*77
W a t e r ................................................................... 2*90
Organic m a t t e r ..................................................4*19
Chloride o f sodium  and other soluble salte . . 7*48

100*00

I f  we com pare th e  chem ical com position as above w ith  th a t 
o f ord inary  chalk , w hich consists a ll b u t en tire ly  of carbonate 
of lim e, and  seldom  contains m ore th a n  from  2 to  4  p e r cent, 
o f foreign m a tte r  (clay, silica, &c.), i t  w ill be seen  th a t  i t  differs 
cliietíy in  contain ing  so very  large an am oun t o f rock-m atter 
in  a  fine s ta te  of division. I f  w e su b tra c t th e  w ater, organic 
m atter, and  m arine  salts, w hich w ould  probably  in  .greatest 
p a r t  be rem oved before such  m ud  could  in  process o f  ages be 
converted  in to  solid  rock, even th e n  th e  am o u n t o f carbonate 
o f  lim e  o r  pu re  chalk  w ould n o t be moro th a n  a t  h ig h es t some 
60 p e r cen t, o f th e  mass.

A s such deposits m u st n a tu ra lly  be expected  to  vary  greatly  
in  m echanical charac ter and chem ical com position, i t  w ould be

1 With phosphoric ucid.
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p rem atu re  to  generalize as to  th e  actual n a tu re  of the  deposits 
now  in  course o f form ation  in  th e  dep ths o f th e  A tlan tic , before 
a  careful exam ina tion  had  been m ade o f  a series o f  such speci
m ens from  d ifferen t localities. T he soluble silica  is  p rincipally  
from  silic ious organism s.

A s regards th e  probable orig in  o f  th e  pebbles and  gravel 
found in  th e  various dredgings, i t  w ill be a t  once seen, from 
th e  descrip tion , th a t  th ey  consist p rin c ip a lly  of fragm ents o f vol
canic rocks aud  c ry sta lline  schists. T he form er of these  have 
in  a ll p ro b ab ility  come from Ice land  or J a n  M a y e n ; w h ilst th e  
la tte r , associated as th e y  are  w ith  sm all fragm ents o f grey  and  
som ew hat a lte re d  calcareous rock, w ould ap p ea r to  have  pro
ceeded from  th e  no rth -w est coast o f Ire land , w here th e  rocks 
are q u ite  iden tica l in  m in era l character. T he n o rth  o f  Scotland 
and i ts  is lands a lso  con ta in  sim ila r rocks ; b u t, w ith o u t being  
a t  a ll positive on th is  head, I  am  ra th e r  inclined to  th e  opinion 
th a t  th ey  have  been ' derived  from Ireland , and  n o t necessarily 
couuected w ith  any  g lacial phenom ena, believing th a t  th e ir  
presence m ay  be accounted  fo r by th e  o rd inary  action  of m arine 
currents.

P ebbles from  1,215 F athoms (Station  28).

T he stones w ere a ll subangular, th e  edges be ing  a ll m ore or 
less worn or a lto g e th e r rounded  off. The specim ens were th irty - 
e igh t in  num ber, a n d  upon  exam ination  were found to  consist 
o f—

5 H orb lende sch ist ; th e  la rg est o f th ese  (w hich also was th e  
largest in  size o f  th e  en tire  series) w eighed 421 g rains (J 
o f an  ounce), w as ex trem ely  com pact, and  w as composed 
o f b lack  hornb lende, d irty -co lou red  quartz , and  some 
garnet.

2  M ica sc h is t;  q u a rtz  w ith  m ica, th e  la rg est w eighing 20 
grains.

5 G rey p re tty  com pact lim estone, th e  largest being  7 grains 
in  w eight.

2 F ragm ents (show ing th e  cleavage faces rounded off on 
edges) o f  orthoclase (po tash  felspar), ev iden tly  derived
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from  g ran ite  ; th e  largest o f th e  tw o fragm ents weighed 
15 grains.

5 Q uartz, m ilk y  in  colour o r colourless ; th e  la rg est o f these 
weighed 9 0 f grains, and  show ed evidence o f  hav in g  been 
derived from th e  quartz -veins so com m on in  clay-slate.

19 F ragm ents o f tru e  volcanic lava, m ost of w hich w ere very  
—  lig h t and  scoriaceous (vesicular), a lthough  som e sm all
38 ones were com pact and  c ry s ta llin e ; and  in  these  the

m inerals augite, o liv ine, and  glassy felspar (Sanadine) 
could be d is tin c tly  recognized. A m ong these  w ere frag
m ents o f trachy tic , trachydoleritic , and  pyroxen ic  (basaltic) 
lavas, q u ite  sim ila r to  those of Ice lan d  o r  J a n  M ayen 
o f th e  p resen t period, from  w hich  th e y  h a d  probably 
been derived.

G ravel from  1,443 F athoms (Station  20).

T his sam ple o f  gravel consisted of 718 subangu lar fragm ents, 
in  general n o t above from  J  to  J  g ra in  in  w eight, w ith  occasion
a lly  som e of a l i t t le  g rea te r size ; b u t th e  m ost considerable of 
a ll (a  fragm ent of m ica schist) on ly  w eighed 3 grains. They 
consisted o f  :—

3 Fragm ents o f orthoclase felspar.
4  B itum inous or carbonaceous shale (? i f  n o t accidental).
5 F ragm ents of shell (undistinguishable  species).
4  G ranite , con ta in ing  quartz , orthoclase, and m uscovite.

15 G rey com pact lim estone.
69 Q uartzose m ica schist.

317 H ornb lende sc h is t; som etim es con ta in ing  garnets.
273 Q uartz ite  fragm ents, w ith  a v e ry  few fragm ents o f clear 

quartz . The m ajo rity  o f th e  pieces be ing  of a  d irty  
colour, o ften  cem ented together, were ev iden tly  th e  dêfo'is 
o f quartz ite  rocks o r beds o f in d u ra ted  sandstone, and 
n o t from  granite.

28 B lack com pact rock , contain ing  aug ite , m o st p robab ly  a
  volcanic basalt.
718-
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F hom 1,263 F athoms (Station 22).

A  sing le  rounded  pebble, w eighing 18 grains, chiefly quartz , 
w ith  a  l it t le  o f a  b lack  m ineral hornblende or tourm aline, p rob 
ably  from  a m etam orphic schist.

G ravel from 1,366 F athoms (Station  19a).

C onsisted of 51 sm all subangu lar pieces of rock, a ll less th an  
J  g rain  in  w eight, excepting  only one fragm ent (angular) of 
quartz , w h ich  w eighed 2 g ra in s ; th ey  consisted o f—

19 F ragm en ts o f quartz , a ll  o f w hich appeared to  have  p ro 
ceeded from  th e  d isin tegration  of crysta lline  schists, and 
n o t from  granite.

9  H ornb lende  schist.
8 M ica schist.
7 Loose, d irty -w h ite  tufaceous lim estone.
3 S m all fragm euts o f aug ite  o r tourm aline  (? w hich).
1 F rag m en t o f  quartz , w ith  tourm aline.
4  F ragm ents o f  in d is tin c t and  uncerta in  character.

51
G ravel from 1,476 F athoms (Station  21).

S ix  sm all subangu lar fragm ents, th e  la rg est o f w hich  d id  not 
exceed tw o g ra in s in  w eigh t ; they  were respectively—

1 Y ellow  quartz .
1 Q uartzose ch lo rite  schist.
3 M ica schist.
1 Sm all fragm ent, apparen tly  of volcanic lava.

6
The specim en from Rockall is n o t a  fragm eu t o f any  norm al 

rock, b u t  is  only  a  brecciaform  aggregate, p rinc ipally  consisting 
of quartz , felspar, and  crysta ls o f  green  hornb lende, held  to 
gether by a silicious cem ent. I t  has ev iden tly  been broken 
from th e  p ro jecting  edge o f  a  fau lt o r  ve in  tissure ; and  although 
it  cannot se ttle  th e  m a tte r  defin itely  as to  w h a t rocks th is  is le t 
may rea lly  b e  com posed of, i t  w puld ind icate  th a t  i t  m ost
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probably  is  a  m ass o f hornblendic gneiss o r sch ist, and  certa in ly  
n o t of tru e  volcanic origin. I  m ay m ention th a t  i t  does not a t  all 
resem ble any  of th e  fragm ents found in  the  deep-sea dredgings 
w hich I  have as y e t  exam ined.

APPENDIX D.

Note on the Carbonic A c id  contained in  Sea-water. B y  J o h n

Y o u n g  B u c h a n a n , M .A ., C hem ist to  th e  ‘ C h a llen g e r’ 
E xpedition.

A t a  m ee tin g 1 of th e  Chem ical Society la s t  sum m er, Dr. 
H im ly  m entioned th a t  D r. Jacobsen , of K iel, h ad  found th a t 
carbonic acid is only very  im perfectly  separated  from  sea-w ater 
b y  boiling in  vacuo. T his w as confirm ed b y  D r. Jacobsen  h im 
se lf in  a  le tte r  to  N ature  o f A ugust 8, 1872. A lm ost a t  the  
very  sam e tim e  th e  G erm an N o rth  Sea E xped ition  arrived  in  
L eith , w hen I  had  th e  p riv ilege o f  hearing  th e  confirm ation of 
i t  from  h is ow n m ou th , as w ell as h is conjecture  th a t  i t  was 
probably  ow ing to  th e  presenoe of sa lts  w ith  w ater o f  ha l- 
hydration , such as su lp h a te  o f m agnesia, th a t  th e  carbonic acid 
w as reta ined  w ith  such  vigour.

H av ing  assured m yself by experim en t th a t, as a  m a tte r  of 
fact, carbonic acid is  re ta ined  b y  sea-w ater w ith  considerable 
energy, th e  las t traces of i t  h av in g  scarcely  d isappeared  before 
th e  con ten ts o f the  re to rt w ere reduced  to  dryness, I  se t on foot 
a  series o f ana ly tica l experim ents, so as to  de term ine  w hich  of 
th e  sa lts  i t  w as, whose presence was th e  cause of th e  anom aly in  
question. The resu lt o f these  experim ents was sho rtly  th is :  
D istilled  w ater, so lu tion  o f  chloride o f sodium  and  solution 
of ch loride  o f  m agnesium , each sa tu ra ted  w ith  carbonic acid, 
behaved on d istilla tion  alike, g iv ing  off th e  w hole of th e ir  car
bonic acid in  th e  first e igh th  o f  th e  distillate . Solutions, how ever, 
o f su lpha te  o f m agnesia and of su lp h a te  of lim e behaved  like

1 Chemical Society Journul, 1872, p. 455.
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th e  o th ers  a t  first, g iv ing  off th e  surp lus carbonic acid dissolved 
in  th e  first e ig h th  o f  th e  distillate.* T he am o u n t of carbonic acid 
com ing off th e n  fell very  low, gradually  increasing, however, 
u u til a  h a lf  had  been  d istilled  over, w hen th e  am oun t com ing 
off again  reached a  m axim um , th e  q u a n tity  th en  dim inishing, 
b u t rare ly  en tire ly  d isappearing  as th e  con ten ts of th e  re to rt 
approached dryness. I t  is  clear, th en , th a t  in  th e  su lpha tes of 
m agnesia a n d  lim e  we have an  agen t capable o f re ta in ing  car
bonic acid  in  th e  w ay  in  w hich  w e see i t  in  sea-w ater ; w hether 
th e re  m ay  b e  o th er agen ts  presen t, capable of doing th e  sam e 
work, w ill be b rough t to lig h t w hen th e  sub jec t h as  been more 
fully  investigated. A n  independen t se t o f experim ents were 
m ade on th e  v a ria tio n  w ith  p ressure  o f th e  coefficient of ab 
sorp tion  fo r carbonic acid  of a  solution contain ing  1 2 3  p e r  cent, 
o f c rysta llized  su lp h a te  of m agnesia, k e p t  a t  a  co n stan t tem 
p e ra tu re  o f 11° C. T he resu lt was, th a t  a t  610 mm. pressure the 
su lpha te  of m agnesia  solution dissolved sensibly  th e  sam e q u an 
tity  o f  carbonic acid  as th e  sam e volum e of w ater w ould have 
done ; in  o th e r  words, th e ir  coefficients o f absorption were id en 
tical. Below 610 m m . th a t  o f th e  sa line  so lu tion  w as the  
g re a te r ; above 610 mm. th e  reverse w as th e  case. T he-cu rve , 
however, is  n o t a  s tra ig h t line , and  i t  appears to  c u t th a t  of 
w ater again a t  a  p ressu re  o f  abou t 800 m m.

T he facts above re la ted  n a tu ra lly  suggest to  th e  chem ist the  
question, w h a t is  th e  body  form ed w hen su lp h a te  o f m agnesia 
and carbonic acid  m ee t each o th er in  so lu tion  ?

I t  is  c lear th a t ,  besides th e  carbonic acid  dissolved, th e re  is 
some re ta in ed  b y  a  stronger bond, a n d  w hich  is  only liberated  
w hen th e  concen tra tion  has proceeded a certa in  distance. Is  
the  decom position caused  b y  th e  loss of w ater, o r b y  th e  rise  of 
boiling-poin t ? T he difference betw een  th e  bo iling-poin ts of the  
solution, w hen  i t  h as  ju s t  ceased to  g ive off th e  m erely dissolved 
carbonic acid , a n d  w hen th e  re ta in ed  gas is  be ing  g iven  off in  
greatest q u an tity , does n o t exceed I o C. ; and  i t  is  difficult to 
believe th a t  th e  com pound should  rem ain  practically  in ta c t  a t 
101° and  decom pose rap id ly  a t  102°. Again, if  th e  com pound 
is decom posed b y  th e  w ater alone, w e should  expect, th a t  th e
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more d ilu te  th e  solution, th e  easier w ould be th e  decom position. 
A dopting  E rlem neyer’s  view of the  position of th e  halhydra tion  
w ater in  su lpha te  of m agnesia (H O  — M g —  0  —  S 0 2 —  O H ), we 
m ig h t suppose th e  carbonic acid sim ply  to  replace th e  m olecule

o f  w ater, th u s— M g <^q  “  ^,q2 ̂ >0 ; b u t  i t  would be con trary  to

a ll analogy for such a  body to  be m ore stab le  in  d ilu te  th an  
in  m oderately  concentrated  so lu tions o f  th e  sam e tem perature. 
If, on th e  o ther hand, w e suppose th e  C 0 2 to  in terpose itself 
betw een th e  M g and the  basic HO, we have a body o f  th is  form  : 
H O  —  CO —  0  —  M g —  0  —  S 0 2 —  OH. I t  is conceivable th a t 
sueli a  body would in  th e  process o f concentration become dehy

drated , w hen th e  anhydrous sa lt  M g ^ Q  ~  ^.q2/ O  w ould be

formed, w hich would th en  sp lit up in to  C 0 2 and M gS 04. A ssum ing 
now th a t  the  body  form ed has th is  constitu tion , i t  is  ev iden t that, 
for a  given m ix tu re  of su lp h a te  o f m agnesia, w ater and  carbonic 
acid, the  am oun t o f  th e  above body form ed w ill be a  function 
o f  th e  tem perature, the  pressure  and  th e  du ra tion  o f  th e ir  
action upon one another. Now, a t  g rea t dep ths in  th e  sea, w here 
a tm ospheric  influences are  insensible, th ese  conditions are  m ost 
com pletely fulfilled. T he tem pera tu re  is  low, th e  pressure high, 
and  th e  tim e practically  un lim ited . Sea-w ater con tains on an  
average abou t tw o gram m es of crystallized su lphate  o f m agnesia 
in  the  l itre ; and  i f  th e  reaction  w ere com plete, th e  tw o gram m es 
of su lp h a te  o f m agnesia, o r one litre  o f sea-w ater, w ould absorb 
181-4 cubic centim etres of carbonic acid. Supposing only 
one-fifth p a r t  o f  th e  su lpha te  o f m agnesia to  be th u s  sa tu ra ted  
w ith  carbonic acid, we have provision in  one litre  o f sea
w ater for tlie  rem oval o f over 36 cubic cen tim etres o f  car
bonic acid. W e have th u s  in  th e  su lpha tes (lor th e  lim e-salt 
appears to a c t even m ore energetically) an  agen t w hich in 
th e  ocean dep ths perform s one of th e  tw o im p o rtan t functions 
o f  p lan ts  in  shallow  w aters and  in  the  air, nam ely, th e  rem oval 
o f tlie  carbonic acid  elim inated by th e  a n im a ls ; th e  ta sk  of 
rep len ish ing  th e  oxygen supp ly  is accom plished by th e  system  
of ocean circulation. M oreover, it  w ould be difficult to conceive
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circum stances m ore favourable to  th e  form ation of th is  body th an  
those w hich  ex is t a t  th e  bottom  of th e  ocean. The tem perature 
is  generally  l it t le  over th a t  o f m eltin g  ice ; th e  pressure often 
exceeds severa l hundred  atm ospheres ; w h ilst th e  carbonic acid, 
being produced gradually , and  com ing in  sta tu  Tiascendis in  con
ta c t  w ith  th e  sa line  solution, is  in  th e  condition m ost favourable 
for easily  en tering  in to  chem ical com bination.

T he am o u n t o f th is  sa lt  form ed depending on th e  pressure, i t  
is ev iden t th a t, on b ring ing  u p  a  sam ple o f w ater from  a  g rea t 
depth , a  p a r t  o f th e  carbonic acid, w hich was bound before, w ill 
becom e free u n d e r th e  a tm ospheric  pressure ; and, m oreover, as 
th e  am o u n t decom posed varies w ith  th e  tim e, i t  is ev iden t th a t  
th e  am o u n t o f free carbonic acid, ob tained  b y  boiling i n  vacuo, 
w ill v a ry  w ith  th e  dep ths from  w hich th e  sam ple w as obtained, 
w ith  th e  tim e  i t  stands before boiling, w ith  th e  tem pera tu re  to 
w hich i t  is exposed d u rin g  boiling, and  w ith  th e  du ra tion  of th a t  
operation. H ence  i t  is  easy  to see how , assum ing th e  body 
above m entioned to  have been form ed, D r. Jacobsen  found th a t  
th e  q u a n tity  o f carbonic acid ob tained  b y  boiling i n  vacuo was 
no m easure of th e  am o u n t ac tua lly  presen t, and  th a t  even 
portions o f th e  sam e sam ple  gave d iscordan t results.

I t  w ill be seen  from  th e  above rem arks th a t  so lu tions o f  car
bonic acid  in  sea-w ater and  in  b lood resem ble each o ther in  
a lm ost every  p a rtic u la r; on ly  in  th e  la tte r  th e  re ta in ing  body is 
phosphate of soda, w h ils t in  th e  form er i t  is su lpha te  o f mag
nesia, bo th  o f w hich con ta in  constitu tiona l w ater. T he physical 
conditions, u n d er w hich carbonic acid is  elim inated  from  the 
blood and  from  sea-w ater, a re  also very  sim ilar.

In  th e  investigation  o f  th e  behav iour of carbonic acid and of 
o ther gases to  sa line  solutions, th e re  is  a  practically  unlim ited  
field fo r usefu l research. T he de term ina tion  o f  th e  absorption 
coefficients o f su lpha te  o f m agnesia so lu tion  for carbonic acid 
alone, u n d e r v a ry in g  conditions o f tem pera tu re , pressure, con
centration, and  du ra tion  of action , w ould afford in te res ting  and 
profitable occupation for m ore th a n  one chem ist.
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Pentacrinus wyville-thomsoni, 186, 443 : 

P. asteria, 436 ; P. P. M ¡Uteri, 442.
P e te rm a n n , D r . ,  o n  th e  G u lf-s tre am , 287, 

379, 392.
Pheronema anna, 418.
Phormosoma placenta, 171, 459.
P h o sp h o rescen ce , 98, 148.
P ie rc e , P ro fesso r, o n  th e  G u lf-s tream , 

386.
Platydia anomioides, 146.
Pleuronectia lucida, 464, 465.
P o ly cy stin a , 98.
* P o rc u p in e ,’ f irs t c ru ise  o f  th e ,  8 2  ; e q u ip 

m e n t o f  th e  vessel, 83 ; r e s u l ts  o f  th o  
firs t d ro d g in g , 86 ; f irs t  tr ia l  o f  th e  
M ille rC a se lla  th o rm o m o te rs , 8S ; P o r
c u p in e  B a n k , 88 ; t r ip  to  RockaH , 89 ; 
second  c ru ise , 9 3 ;  d re d g in g  a t  th o  
d e p th  o f  2 ,435 fa th o m s, 9 5 ;  re tu rn  to  
B e lfast, 100 ; th ird  c r u u e ,  101 ; Holte- 
n ia  g ro u n d , 104 ; t h e  h em p en  ta n g le s , 
105 ; T h o rsh a v n , 106 ; d isco v ery  o f  
A rc tic  s tre a m , 110 ; S h e tla n d  p la te a u , 
111 ; p re d o m in a n c e  o f  th e  A rc tic  fauna , 
131 ; f a u n a  of th e  w arm  a r e a  o tf th e  
n o r th  c o a s t o f  S c o tla n d , 177 ; r e tu rn  
t o  B e lfast, 178 ; fo u r th  c ru ise  of th e  
* P o rc u p in e ,' 179 ; c ru is e  in  th o  M ed i
te r r a n e a n , 193 ; fa u n a  n e a r  th e  A frican  
c o a s t,  192 ; A d v o n tu re  B a n k , 192 ; 
M a lta , 194 ; tem j> era tu re  soun d iu g s 
n e a r  S tro m b o li, 19o ; r e tu r n  to  Cowes, 
196.

Porocidaris purpurata, 102, 459.
P o u rta le8 , C o u n t L . F .  d e , d ee p -sea  d r e d g 

in g s  ac ro ss  th o  G u lf-s tre am  o ff th e  coast 
o f  F lo rid a , 277.

Pourtalesia jjfceyxi, 103, 457, 459, 489 ; 
P. phiale, 99, 45'J.

P re d o m in a n c e  o f  p ro to zo a , 47.
P re se rv a tio n  o f  sp ec im en s, 261.
P re s s u re , co n d itio n s  o f, a t  g r o a t  d e p th s , 

32 ; m o th o d s  o f  te s t in g  th o  a c tu a l  p re s 
su re , 34 ; e ffec t o f  p ro ssu ro  o n  th e  
th e rm o m e te r ,  294.

P re s tw ic h , Jo s e p h , F .R .S .,  P re s id o n t of 
th e  G eological S o c io ty  : T o m p e ra tu rc s  
o f  th e  A tla n tic .  358 ; o n  th e  c o n tin u ity  
o f  t h e  ch a lk , 496.

Psammechinus miaotuberculatus, 457 ; P. 
miliaris, 453.

Psolus squamatus, 125.
Pteraster militaris, 171.

R .
Rhabdammina abyssorum.  75.
Rhizocrinus ¡clotensis, 76 , 124, 447, 451.

Riohnrds, R ear-A dm ira l, C .B ., F .R .S ., 
H y d ro g m p h o r to  th e  N avy, 3.

Ross, S ir  Jam o s  C lark , R  N ., deep  
d red g in g s iu  th o  A n ta rc tic  S ea, 20 ; 
tom pera tu ro  observations, 304.

Ross, S ir  Jo h n , voyage o f discovery in 
Baffin’s  Bay, 18 ; m achino fo r  tak in g  
u p  soundiugs from  g ro a t d e p th s , 209 ; 
te m p e ra tu ra  observations d u rin g  tho 
A rctio  voyage, 300.

Rossella velata, 419.
Royal Socioty, le t te r  to , from  Dr. C a r

p en te r , recom m ending a  sy stem atic  
course of doop-sea d redg ing , 53 ; le tte r  
from  th e  S ecre ta ry  of, to  th e  S ecretary  
o f  th o  A dm iralty , 55 ; reply  from  th e  
A dm iralty , 56 : (see also 133-141.)

• S.

Sabine, G eneral S ir  E dw ard, K .C .B ., 
e x tra c ts  from  p riv a te  jo u rn a l, 18, 300.

S ars, Professor M ichael, l is t o f an im als of 
a ll th e  invo rteb ra to  g ro u p s liv ing  a t  a 
d e p th  o f 300 to  400 fa thom s, 33, 268, 
270, 274.

Schizaster canaliferus, 459.
S chm id t, Professor O scar, on H ex ac tin e l

lida», 70 ; C om etella, 114, 268, 416.
Schultzo, P rofessor M ax, o n  Hyalonema, 

425.
Serpula, 273. *
S h ark s a t  g re a t d e p th s , 34.
S hortlaud , C aptaiu , R .N ., tem p era tu res  

o f  d eep  w a te r in  th e  A rab ian  Sea, 359.
S m ith , T oulm in J . ,  on V outricu lites, 482.
Solaster furcifer, 119, 4 5 6 ; S. papposus, 

118.
Spatangus raschi, 118 ; S. purpureus, 

459.
Spirorbis, 273.
S p ra tt ,  C ap ta in , R .N ., d re d g in g  in  tho 

M ed ite rran ean , 270.
S teo n stru p , Prolossor. ad d itio n s  to  the  

know ledge o f  m arine  zoology, 268.
Stylocordyla borealis, 114.
S iirface-tem nera tu ro , m ode o f  d e te rm in 

in g  tho, 287 ; d is trib u tio n  of, in  th o  
N o rth  A tla n tic , 362.

T .

T anks fo r  th o  tra n sp o rta tio n  o f living 
fish, 59.

Tellina calcarea, 462 ; T. com messa, 464. 
T em p e ra tu re  o f th o  c ru s t or th o  e a r th ,

Terebratula septata, 130.
Thecophora semisuberites, 147 ; T. ibla, 

148.
Thecopsammia, socialis, 433.
T horm om otor, S ix’s , 238 ; M il 1er-Casella.
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291 ; B reguo t’s  m etallio  th errao m o ter, 
293 ; N e g ro tti  an d  Z ainbra’a  tho rm o
m oto r, 293.

T hom aon, 8 ir  W illiam , F .R .8 .,  therm o- 
m o to r in  a  aoalod glosa tu b o , 296. 

Tisiphonia agai-iafopnis, 74, 167. 
Toxopneustes brevispinosus, 459.
Tripylus fragilis, 118, 469.

V-

V aria tio n , 9.
Ventriculites simplex, 483 ; o u te r  surface, 

484 ;  sec tion  o f  th o  o u te r  w all, 486. 
V erticordia acuticostata, 464.

W .
W allace, A lfred  R ussel, on n a tu ra l

selection , 8.
W aller, E dw ard , d re d g in g  off th e  S ou th  

coast o f Ire lan d , H eb n d ea , an d  S h e t
la n d  Is lan d s . 121 ; on th e  fa u n a  o f th e  
H eb rid es , 2u7.

W allich , G  C ., M .D ., F .L .8 ., th e  N o rth  
A tlan tic  8oa-bed , 24, 271, 302.

W rig h t, P ro fessor Perceval, d eep  d re d g 
in g  off th o  co a s t o f  P o rtu g a l, 276.

Z .
Zone o f deep-sea  co ra ls , 16.
Zoroaster fulgens, 163.
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