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PREFACE.

1.'HESE two volumes consist chieOy of an abstract of
th e less teclmi cal portions of my own journal for t he
first r enr of the voyage of the' Challe nger ' (1873) ,
and t he early part of th e fourth yc<tr (1870). wben
she agnin traversed t he Atlantic on lier W3)" home.
" ·itll th ese l have incorporated sorne of the more
novel results of t he observations of my eolleagues,
and 1 have added, usunl ly in t he Iorm of Appendices ,
such Mcteorological Tublcs, 'l'ables of depth s nud of
sen-t empera tures, nncl 'l'ables of specific-gruvit y de­
terminati ons, as shull be sufll cicnt to place in th e
hands of OU I' fellcw-workcrs in the field of Physical
Geography at nll events nn nbst ract of th e data on
which our conclusions and speculations arc Iounded,
and enuble th em to jurlgc for themselves.

l had much hesitation in nttempting to prepare
thèse volumes for publication, nt sen ; for the Iast
four years the dut ics of euch day have nearly ful1y
occupicd our time : our miuds have been cont iuunlly
distract ed hy new impressions and by th e necessity
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of devotiug uudivided attention ta new objects of
interest; ahip-Iife is generally unfavourable to steady
work, and during a great part of' the timc th e motion
of th e ship makes it impossible to have even the
limited space at onc's command in his cah in, littered
with papers a nd journals and mcmorandu in th e
ord erly confusion which is insepa rable from comfor t­
able Iit ern ry work . Although there was a reference
Iib ra ry on board the ' Challenger,' excellent under
t he eircumstances, it was of cours e by no méan s
complete enough to ennblc us to go with safcty into
mattcrs of detail . Still, nctwith stundin g t hcsc dif ll­

cultics, it seemed to me sa desirable thn t a sket ch
of our procecdings and of t he more important res ulta
of th e Expedition should be made public at as ea rIy
a date as possible, t hat 1 dotermlned to make th e
attempt.

At first 1 boped that it might have been possible
t a make t he publicat ion of the journal almost keep
pace with the voyage, or that nt all events the rough
resulta of one yca r's work uiight have beon publishcd
du ring the next, and accord ingly a grea t part of t he
first volume wus writtcn and put into type du ring the
~'ear 187·.1,. 1 Iound, ho wcver, t hat tit is was imprac­
ti eahle ; the uucertainty of communication became
greater as t he voyage procceded ; und inevitable
delaya having oecurred, Iurther observations con­
stantly made it necessary to modily pr cviously formel!
opinions, 01' desirable to streng then thorn byadditional
evidence.

Wc arrivcd in England on the 24th of May, 1876,
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with t he rough journal of the cruise in a sense
complete, but not in a form for publication. F rom
the amount of work t hrown upon my hand s in
getting the collections into arder, and having arrange ­
ments made for the working out of the scient iflc
rcsults, the difficulties in t he way were even great er
than they hud been on ship-board ; and new, nearly
a year after our rcturn, t he flrst two volumes only
ure completcd.

In a former volume 1 l have given a general his­
t ory of deep-sea investi gat ions. l have descr-ibed
with sorne minuteness the applianees and methode
employed during t he preliminary cruises of the
"Li ght ning ' and "Porcupine ' in ascertainin g the
exact dcpth , in taking bottom and intcrmedinte
temperatures, and in determining the distribution
of t he deep-sea fauna by mcans of the dred ge j and
l have stated the gene ra l conclusions on vnri ous
qu estions to wlrich we were at that time led by t he
st udy and generalizat ion of our results. Although
the additional experience which we have new gaincd
lias caused me ta alter my views on one or two im ­
portant point s, l adhere in the main ta t he opinions
und st atements cout aincd in t hat book, and ta save
unnecessary l'l'petition l slmll regard "The Depths
of t he Sea' as a general introduction ta the series
of volumes giving an out line of the "Challenger "
Circumnuvigating Expedition.

'l'his lust undertaking was on a ,·cry different
ecale from t he trial cruises of t he guo-boats, and

l • The Depthe of the Sen.' Second Edition. Macmillan and Co.
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the first ehapter is occupied with the description of
the mu ch more complete arrangements for scient ific
work on board t he ' Challenger .'

Arter the termination of the cru ise of the "Porcu­
pine ' l had a very strong conviction thut t he forami­
nifera of the genera GloùiOf!l'iJlu, Orônliua, ami Put­
cinulinu, whi eh are chiefly ccnccrued in fon ning the
mode rn chulk, Iivcd on t he bottom : our 13tCl' obscr­
vatious hav e, hOWCHl', suristlcd me thnt th ey lieur

l ive on t he bottom ; but t hat they inhuhit the sur face,

and t he wntcr ta a limi ted dcpth bcncath il.
-'ly genera l vicws with regard ta occau-ci rculution

remaiu unnlt ered ; 1 t hink, howcver, thut wc have
now good reason t o bclieve thut t he indrn ught of
wuter at a lcw temperature in tc the A tlantic and
Paciflc-c-gulfs as we ma)' ahnost cul! thcm,-fram the
Sout hern Sea, is ta a great estent du e to nu exccss
of precipita tion over evapora t ion in the' watcr-hcmi­
sphere ' an d a correspouding excess of evaporat ion
OH'r precipi tation in the' land-hcmispuere ;' that in
fact a part (If the circu it of general OOC1111 circ ula tion
passes t h rough t he atmosphère.

The Zoclogical descript ions and determinations
hoth in 'The Dcpths of the Sca ' and in this IH"c·
liminary sketch of t he proceedings of the ' Cha l­
lenger' must he regarded os to a certain cx tent
provisional ; sorne of t he more remarkabl e and novel
form s haye boen seleeted for ill ustration to g ivc a
general idea of the facies of deep-sce life, hu t the
amount of new mate ria l is very large. and it will
take sorne years of t he patient work of many hands,
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with full access to libraries and
collec tions, to bring it in tc
order.

As in ~ 'l' he Depth s of the BO

Sen,' the met rical system of
mcasuremen t and th e centi - 75
erode thermoruct cr scalc ,1I"eo
cmploycd in t hese volumes . In

70
cuse the centigrade notat ion 1_ --""'"
should Dot he Iamiliur ta ull
mv rcaders 1 iutroduce n 65• •
comparative seule, embodying
those of Fu hrcnheit , Celsius 60

(Cent igrade) , and Réaumur, fol'
reference.•

With few exccpt ions the Illus- 55
trat ions are from drawings bJ

Ml', .J. J . wna. and HS in th e sa ~~II
former volum e 1 have to givc
H1J best thanks ta )Ir, Cooper for

4'the excellen t man ner in which
:\1 1'. " ï ld' s bcautiful drawings
have boen rcndcrcd ail th e 40
wood. r--:=i§§

A rtel' the tirst chaptcrs of ~s

these volumes were writ ten
many changes took place in our -~=::11
staff; Captain 1\m'cs. 1". ILS., 30 i==!~f1!!l

wns recnllcd at the end of the ~J~il~I~_
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second year, to take ccmmand of the Arctlc Expedi­
tion. This was a heavy blow to the 1 Challenge r. '
Captain Nares, from his experience as a surveying
offlccr, wns eminently fltted to direct t he exec ut ive in
such an uudertaking, and th e dccp iu terest which he
took in c\"ery brunch of our inv estigations , and the
intelligent kncwledge which he possesscd of thcir
ecope and abjects, wcrc t he best possible guarantec for
t he varions operat ions being thoroughl y and eouscic n­
t iously can-ied out. 1re werc indccd mast fortunatc in
t he choicc of a succcssor to Captain Karcs, for Captaiu
Frank Thomson, although idcnt ifled with another
bru nch of th e service, and lying undcr th e further
disndruutagc of wunt iug th e experience in th e new
field of research which wc had luhoriously guined
dui-ing th e two previous )'ea rs, showed himsclf in
cvery wny anxious to carry out t he system iuitiated
hy Captuiu Xarcs , and to adopt an)' reasonable
suggestion for tlre 1110re complete performance of
our tnsk.

1 t hink nearly all of us, nav al and civillan, wild ly
volunteercd tu Iollow our old Cnpta in-c-to th e Pole
a l' nny whcre cise. 'l'lie services of olle ufllcer only,
L ieutenant P elham A ldrich , wcro ucccptcd : and
another most unwelcome blank was mad e in our
cirele. L ieutenant Hromley succccded Aldrich as
F irst Lieutenant, and we wcrc aguin rcma rkahly
fort unate in Lieutenan t Al fred Onrpent cr joining us
from the' h an Duke' ta fi ll t he vacancv.•

D uring th e third ycur of t he cruisc th e Civilia n
Staff lost one of i ts most valuable membcrs hy death.
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Dr. R udolf von Willemëes-Subm, to whom the study
uf th e aunulosa had been more especially rclegated,
had an attack of crysipelas in the face on the passage
from IIawaii to 'Iuhiti j his hcalth hud previously
suffercd somcwhut, prohahly from his nevcr having
got thoroughly u scd to a sca-life ; t he diseuse rapidly
took a virulent form , and he sank intc a state of
camu and dicd on th e Lâth of Scptember, 1875.

'l'his sad event uatu ra lly thrcw a gloom over our
littlc party. P rom th e com mencement of th e voyage
J)I'. v. w il lcmucs-Sulnu had dcvotcd himsclf witb
unremitting industry and zeal ta the ohjects of the
expedit ion, Ile had already published in the Trans­
actions of t hc Linnrcau Society and elsewhere, a
number of valuuble papers in eonnection with our
work. Ile leavos a fine series of drawings, with full
descriptions, chieti)' ill ustrating t he developmeat of
sur face Crustace a : fol' example, species of t he genera
B uplHlIIsia, Serges/cs, and .d mphion are t raced through
all t heir ste ges ; he lcavcs also an ample offic ial
j ourn al. 'l'he 10 55 of his vnluablc aid in working up
the final res ult a of the expedit ion must, 1 fear,
scric nsly affect thcir courpleteness. 1 regarded
Iludolf Y. "~iIl l'mücS-SUlll11 as a young man of the
highest promise, certain, had he Iived, to have
uchiercd a dist ingu ished place in his profession,
and 1 look upon his untimely denth as a serious
Ioss, not ouly to t his expedition, in which he took 50

important a l'ad , but nlso to the younger generation
ur scieutiflc men. among' whom he wus steadily
prcpnrin g himself tu beccme a leader.
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It would ha ve been selflsh ta regret the depurture
of two of our ycunger messmates, Lieutenant L ord
George Campbell and Li cntenaut Andrew Balfour,
who got t hei r promoti on at Yulpnra iso, and weut
home across the Andes,

" ·riting D OW aft er the commission has come ta
a close, 1 think 1 am justified in suyiug that the
abj ect s of t he expedit ion have beon Jully and faith­
Jully carried ou t. Th e instructio ns of the Lords
Commissioncrs of t he Admirait)', foundcd upon t he
recomm eudat ions of a Committec of t he n oyai
Society, WCI"C followcd so far as cire umst ances
would permit. 'Ve always kept in view that to
explore the conditions of the deep sen wns t he pri­
mary object of OUl' mission, and t hronghout t he
yoyage wc took en:r." possible cppo rt uuity of runk­
in::; a dcep-scn observa t ion. " 'c drodjrcd fl "0111 thne
t a timo in shullow wntcr in the most rc ruot c re­
gions, an d wc haye in t his wa)' aC(JlIÎ (1.~d Ill:my

u udes ctihed animal fcrrns ; ami collect ions of la nd
an imaIs and plants WCl' , : lik cwise m ad t! on e\'cry
aV<lilahle occasio n ; but 1 rathur discouraged such
work, whi ch in our cuse conld ouly he ÙOIl C iut­
perfcctly, if it sccmcd likcly tu di n 'l't our nt tention
from ou r special ohjeet.

lletween OUl' dcparturc from Shcerncss on the 7t h
of Deccmher , l S72, an ù OUl' arriva i nt Spit.hend on
the 24t h of Mn)' , J87Ci, wc tra vcrscd ri. distance of
(j8,8UO naut ical miles, and at iutcrvnls as nenrly
uniform as possible, we established ~G2 obscrvl ug
stat ions.
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At each of these stations the Iollowlng observations
were made, 50 far as circumsta nces would permit.
The position of th e sta tion having been asœ rtained-

1. The exact depth wes det erruined.
2. A sample of th e bottom averaging from 1 oz. to

1 lb . in wcight wns recovercd by means of the sound­
ing instrumen t, which was provided with a tube a nrl
disengn gi ug weights.

3. A sample of t he': bot tom watcr was procu red for
physical and chcmicul examination.

1. 'l'ho bottom temperature was dcterm ined by a
rcgistering thcrm omet er.

5. At most stations a- fair sam pie of th e bot tom
fauua wns procured h~' menns of th e dredge or trawl.

G. At most stations t he fau nn of the surface and
of iute rmedinte depths was exnmined by th e use of
th e tow-nct vm-iously adj ustcd .

7. At most stations a series of temperature obser­
vat.ions wcre mndc at different depths from th e
surface to t he hottom.

K. At lllany stations samples of sea-water werc
ohtuiued l'rom different depths.

Il. Jn nll cases ntm ospheric and other meteore­
logical conditions were carefully obscrved and noted.

10. 'l'he direct ion and rate of the surface current
wns determined.

I l . At a few stat ions an uttempt 'l'as made ta
usccr tai n th e directi on and rnte of tnovement of
wntcr nt different deptbs.

'l' hc some whnt crit ical expcriment of associat ing
Il party of civilians, holding to a certain extent an
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independent position, with the naval sta ff of a
man-of-war , has for once been successful. Cuptaiu
Nares and Captain Th omson hoth full:' rccogn ized
that the expedition wns inte ndcd fol' scient iflc
purposes, and I do not thiuk that in one sin gle
case t he operat ions of the combi ncd scienti fic stan'
werc hnmpered in the lcast hy nvoidablc service
routine, AU t he naval ofûccrs, wi thcut ex ccption,
ass isted the civiliun staff in en"ry ,,-ay in thcir powcr
and in the most fri endly spirit; if J wished nnytlring
donc I hall only to consitler who wns t he man, naval
or civiliau, who wus like ly t o do it bcst ; and t he con­
sequence hns bcen thut wit h t he cntiro sanction of
Captain l'ares and Cuptui n Thomson, the parti es
sent t o camp out al' dctnilcd fol' anj' spcciul service
have ulway s bccn mi xcd, to t he grea t udvantn ge T
bclieve of all conccrncd.

l\Iy t hanks are perhups more spcciully du e t c
Commander :.\Iaclcar and t ho Fu-st Lieu tena nt l'a l'
the wonderful tempcr with which they tclcrutod ail
the irregu larities, sorne of t hem very trying t u the
ministers of cleanliness un tl ortler, whlch wcrc in­
separable from th e pcculiar natu re of our impcrimo.
in imperio ; to Staff..Commander 'I'iznrtl, the chief
of the naval scicntifio staff, for the fricnd ly rcndim-ss
with which he lias always ussistcd W ;, an d pluccd his
valuahl e observations and dat a ut our disposai; und
to Li eutenant Aldr ich, Li eutenant Hromley, Lieu ­
t enant Bcthcll , and L ieutenant Carpcntci-, for t he
patience and care with which they superintendcd t he
dredging and trawling operations, and the determi-
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nations of ocean te mperature , ail of which fell into
t beir immediate province. And here 1 mu st not
omit t a record my debt of grat itude t a my friend s
th e blu e-jacket s, who, great ly ta t heir credit, treated
us civilians t hroughout with as much respect and
considera tion as tltey did their own officers.

fr ite memhers of the Civilian Scientific Staff under
my direction have nlready in varions ways given
evidence of th eir industry ; 1 thiuk , however, 1
should not he doin g m~' dut), if I did not t ake this
opportunity of reccrdi ng my pcrsoncl obligat ion t a
1.1r, J ohn ) f urra)', who, while he hus been bringing
out highly important results by his owu invest iga­
t ions, hns undcrt nkcn th e task of cataloguing an d
sccing to t he scctu-i ty of the vast collec tions which
haye uccumulutcd du ring the voyage.

The Jriendly hospi tality and the rendy assistance
which wc everywhere rec eived, not only from t he
repre senta tives of E nglnnd and America, but also
tram t hosc of fore ign nat ions, added much to
th e plensure of the cruise. Some few of t hese many
bencrits will be aekn owlcdged in th cir places in the
j ournal, hut th e num œ alonc of th e kind friends
who have come forwa rd to welcomc and nid us would
lm a goodly volume.

1 cannot, howevor, close without recordin g, ou my
OWn part and on thnt of the Civilian Scienti fic Staff,
out' dcep sense of the courteous consideration which
wc uniformly received l'rom th e ITydrographer t a
th e Nnvy, the head of the dcpartment with which
we were associated ; and our hearty t hanks to M r.
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Hlakeney and the ether officers of' the depurtmcnt
for the accuracy with which they kept us su pplicd
with t he lntest scicntific pcriodicals, and with such
instruments and books of re ference as we required.

'l' his account may perh aps appca r unnaturally
couleur de rose, st ill , looking ovcr it aguin, 1 cau
detect no cxaggcration. 'I'here is of course anot her
side to the picture. The work wns done with the
regulation expenditure of tissue; the st ra in both
mental and physical was long and severe. and it
has told a good deal upon all of us.

C. " :""YVILLE 'l'II Q) ISON .

E DIXIIl':R GH,

J anuary 2nd, 1877.
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THE A T L A N TI C.

CII AP'fE lt I.

T il l: E (,lU IP ~I.t::S 1· or TlU : suu .

Tho Causes which led to the deepatch of the ' Ohellengee' Ex ped ition.
- The Staff of Offlcers, Nuvnl and Civilirm.- The S pecial Arr:mge.
mente for Scientifle \ York.- The N'llturol History Work·room.­
The C!lcmÎC<l l Laborntory.-The Apl'llrllt ns for boillng ont the
GliseS (rom Sca-weter ; for de termiuing t he Caebonie Acid j for
GI8 AnalypÎll. --11Io •Slip ' \\~o.ter-bott le.-' Ducbanan'a' Stop­
eock Wale r-bottlc.-The Hydmulie P reFsllre-glluge.- The • Baillie '
Sounding-machi ne. c-c'I'he • Vah'o ' Scueding-meehine.c-dmpre ve­
lUl'uts in t1IC Drcdge and in the 1U00Ie of beodling il-The
Hh::Ull · l ,j uww, '.

A""l-; :olDlX .L-Olliciai l 'urreapoml cllco with rcferenco 10 the ' Chnl­
len1.'('f ' ":XI'Ctlilion, cx tracted (mm the )finutcs of Coun cil of
Hu, 1:" )'111Society.

AI'I' t:xlm: Il,-List (Of the St;ltio1l8 in the Atillnti e nt which Ol.ll'l'r.
vlItinll" wera takcu tlnr in::; tho YMr Itli:J,

Ir muy perh nps he wcll , hefo re going in to th e story
or OU t' 0 \\ ' 11 exper iences, tu ske tch in a few words
the n-a in of circu mst nnccs which led tu the dcspntch
of H ,i\1.8 . "C hallenger on fi, voyage of scie nti flc
l'est'arch und dlscovorv v ronn d t he world." 'l'ho
wondcl'ful projcct of establishing a telegraphie corn-

"
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munication between the old world and the new
directed the attention of practi cal men to a region,
about which up to thnt time but Iit tle bad beon
known with certainty, and about which thc rc had
been a great deal of hazy misconception-e-the bot tom
of the deep sea. Ta procure info rmation su fflcient
to euable them to prepare for the loying of a tele­
graph cable, sounding expeditions were crganized,
by bath of th e Govemmcnts specia llv intcrestcd ,
across the Atl antic Ocean. I ngenions couu-lvanccs
were suggested and applicd, not mercly for doter­
mining the exact dcpth, but for Ll'ing ing up samples
of th e bottom sufficicn t to le st th e compositio n and
charactcr of the deposits in process of form at ion on
th e sen-berl.

In t he meantimo nnc thcr class of st udcnts , work ing
for the in crea sc of knowlcdgc, though pcrhnps wit h
Iess immediate he:ll'ing "pan the pr01:p'css of t he
human race or th e advunce of their owu interests,
haù heen investi guting th e furms and natures of
living t hings, the cxtcrnal condit ions u pon whieh
their frail Ii ..res depend . and the laws undcr which
they are Iocalised or distributcd upon t he surface
of the eart h ; nnd, j udgi llg' from th e scanty data
laboriously accumuluted with the imperfec t nppl i­
nuces at that time at their disposul, had come 1u t he
conclusion that lire at the bottom of the sen wus
confined to a narrcw border round th e land i t bnt
at a depth of 100 fat homs plant s almost cntirc1y
disappeared and ani male wcre sem-cc, 311<1 l'epre­
sented those animal gl'oups only whi oh arc among
the most simple in thcir crgunizut ion i whil c at
300 fathoms the sea-bcttom bccnmc a dcsolatc wusto,
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t he ph ysicul conditions being such as to preclude
t he possih ili ty of t he existence of living beings.

Samples or the sea-hot t om, p rocured with great
difficulty and in smull quantif ies from the flrst deep
sou ndings of th e Atl anti c. chiefly by t he use of
Brooke's sounding-mach inc, an in strument wh ich by
a neat contrivance disengngcd its wei ghts when
it re ached t he bot tom, and t hn s allowed a tube, sa
arrangcd as t o ge t fi lled with fi snmple of the hot torn ,
to he rec ovcrcd hv the sou nding-line, wcre eacerlv

~ '-' ;:> •

cxamined hy microscop ist s ; an d the singula r l'net
was at lcngth est nbli she d t bnt these samples con­
sistcd, OY e 1' a large part of' the hoc! of t he Atlan tic,
of the euti re D L' ln-olcen shells of cer ta in Ioraminifera ,
and the b ulk of the evide nce secmed to he in 1:'l \'OU l'

or th e nnimals which iuhnbited t hèse shel ls having
livcd in the situati on in which t hey wcrc found, and
not, us wns a t 111'st supp osed, lmving lived in th e
sunshine on t he surfa ce of the ecu, an d h uving
gra dunlly su nk iuto t he abysses uf'tcr dcm h. Dl'.
' r a llich , tho nutu rulist to the "H ulldog ' Sonnùing
Expediti on unrlcr Sir Leopold M' Cfintock, reportcd
that stn r-flshcs wi th theil' stoma chs full of t he
dcep-scn forruuinifern , hall come IIp J'rom a dep th of
1,200 futhom s on II sound ing-l ine, nu d douht s begon
to he cntcrt uiucd whcthcr t he bottom of the sca wns
in truth the deser t whi eh we hnd hitherto supposed
i t t.o he, Ol' whether i t might not prove a ne w zoo­
lcgicnl region open t o investigation nn d discovery ,
und pcopled by pecu liur fuume au itcd t a its most
pcculiur condit ions .

'l'his new vicw howc vcr progt'csscrl but slcwly, fol'
it was almost as difflcult t a believc t hnt creatures

n2
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comparable wi th thosc of which wc have exper-ience
in t he upper world could l ive at the bottom of t he
decp sca, as thnt they could live in a YtWUUIll , or in
t he fire . Of many of the conditions at great dcpt hs
we as yet knew uotbiutr, bu t somc of t hem were ns
easi ly dctcrmiued by calculuticn as by direct exper-i ­
men t , and wc knew thut an nnimnl at a dcpth or
1,000 fathoms must benr a welgbt of a ton 0 11

t he square in ch, and one at a dcpfh of 3,000
t he aimost iu conccivablc weight of thrcc tons ;
and wc had evcry l'C Uson to bclicve thut t he sun's
l i...ht is almast cnti rcl v eut otî at a dcpth of 50o •
fathoms, and t hat thercforc the existence of pla nts
u pon wh ich animnls priuinrily depend fol' thcir food
is impossible ut g'l'ca t depths. 'I'hc so considerations
alone secmed nhnost su fficicnt ta place th is CI ucstiou
beyond t he r('gion of rcasonabl c inqui ry, und it wns
not unti l a con siderable amount or evidence hall bcen
hro ught forw ard , thut whut was calle d t he ' an ti ­
biotie ' prejudice was i Il any degre e ovcrcorue.

About t his ti mc, nnother clnss of fuct s which gave
t he whole subjcct a slnguln r intcrcst, wcrc forcin g
t hcmselvcs upon t he attention of nntu rul ists . Sorne
dredgcrs, pm-ticulmly our inddati!;uhle ln-et he r­
nuturalis ts of Scaudinnviu, J>1l.'~ }1I ·, 1 theil' drcl1 g-i ng
operations to Lho utmost limi t practicahlc in t ho
northern scas hy ordintu-y m éans , to dcpths of fro m
300 to 400 fut homs , und they found, contrary i n
t he general impression of the Hrifi sh school, thut
at t hesc dcpths thore wus no lnck of an imal li re,
and that fur thc r, many of the a nimal forms wcrc
new and u ufarrrilia r, 'l'hile mallY showcd a much
closer relation t a the inhahit ants of t he sens of
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former geological per-iods than to the marine fauna
of the present day.

In the yea r 18G8, when the qu estion wns thus un­
dccided, Dr. Carpen tcr and I , looking at the matter
chiefty as one of scientiflc in tercst, bu t at the same
t imo fully rccogni sing t he pract ical importance of
man r of the resulta of sueh an in vesti gation; induced
the Coun cil of the R oyal Society to apply t u the
A dmiralt y to place m éans at our disposa! to go iut o
t he whole questi on of the physieal and hiological con­
ditions of t he sea-bottom, in the neighb ourhood of
the Bri tish I slands hu t bcyond the l'ange of ordinary
boat work . 'l'h e Ad miralty assen ted, and, in the
nutumn of I BOS, through about t wo mou ths of
wrctchcd wenthc r, wc kuockcd about in the' L lght,
n ing,' a somewhat precm-ious li ttle gun- boat, between
Scct lnud and Fit-roe.

Ni nc tol era ble dnys fortuuutcly chcckcrcd the
unifo rrn ity of t he henvy wcathcr, and on t h èse wc
rcgistercd sorne rcmnrknble rcsult s.

Wc round t hut t here wns nhu rulance of an ima l
li re nt t he hot .tom of t he sen ta Il dcpth of 000
fathoms at least , and that t he life t hore 'l'as not
confi ncd ta t he more simpl." orgnnized an imale, bu t
cxt cndcd ycry irrc spcct ivcly through nll t he in vertc­
hrato classes, and even includcd saille true bony
fl shcs. we found that the geuernl clmrac tcr of the
fuuun at thcse depths 'l' as not such us t o indicat e a
mere gra dunl disnppenrunce of t he kn own fuuna of
t he Briti sh ocean. bu t was in many respects peculiar,
und prescnted man)' chnracters in cornillon with th e
fuunœ of oldor times, ' Ve found that, instead of
hnving a constant and uuivcrsal t emperature of 4° C.
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heyond a certain depth, as had previously becu ,"cry
generaUy supposed to he the case, the SNI. wns wnrm
or cold at aH depth s, accordic g to the source Jrom
which each paeticular layer or current of watcr was
der ived, and t hat in nccordnucc wit h t his arrange­
ment we rnight haye h w regions scpnratcd from Ol l e

another by an invisible and impalpable boundnrv of
li quid contact , diilerin g widely in climntal condit ions,
and showing nll the consequent widc differences in
faunœ ; we found t ha t l'rom t he surface to t he 1>ot tOI11
t he water of th e sen coutnined ol"g'anic matter in
solut ion, or in suspension, an d t hat t hc rcforc the
I' rotozon, whieh appear to pa n : th e floor of niost
1);,11't s of t he sm in a cunt innous shcct , dcri vcd hy
surface absorp tion th e soit jcllj- of t hci r bodies wit h
th e seme case und from the xante source as they
dei-ive the carbonate or lime ami the silîcu or thcir
outer caslngs.

Th èse rcsult s an d many ot hcrs wcrc attnincd or
suggest erl hy OU I' first season'x very impcrf'cct work ,
and th cy werc rcgnrrlcd as so iutc rcsti mr and Stlg'­

gest lvc t ha t wit h even gl'l~ll tc l' wilfiug uess thnn boforc
t he Admirult y pluced :1 uun-hcat at the disJlos:.l of a
comurittee, CIIJlsi~t i ll ~ of J)l', Cnrpcnter, 1".I :'S., ) [ 1' ,

G W)'n .l effrcys , F .H .S., 1111(1 Ill)'sdf, [or t he two suc­
ceeding su mmcrs, durin:; which ti me one m' more of
us prosecuted th e same line of inquirv, cunfirmcd t he
result of' the pre vien s ~'ca l's , an d uddcd Illan y new
fucts. 'l'he ' Porcupinc,' whi ch wc used in umu and
1870, was much botter suit r-d in l'very wuy to our
purposœ t hun th e ' Lightning.' 'l' he wcut hcr wus
more favourable, and wc succccdcd in drcdgiug to
the depth of 2,435 fat homs, and est ublishing the
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faet tbat even at tha t depth t he invertebrate eub­
kingdoms arc still fairly reprcsented.

Anoth er great advance was made at this 'time.
The registering t hermomcters which wc used in the
• Li ghtning ' gave uncert ain in dications, and on sub­
mitting them ta experiment i n a lrydraulic press, it
was found that thcir errer depended up on thcir bulb s
helng irregularly compressed by t he enormous pres­
sure to which t hey were subjccted, t he fluid being
tlrus forced up mechanically in th e tube and giving an
indicat ion higher t hau that duc to hcnt ; the amount
of cxcess dcpcnd ing upon t he thickuess and unifor­
mity of t he glass of the bulb. Prier t a our second
expeditio n t he lato Professer ·W. A. l\Iiller h nd
adopted a plan of dcfending t he bulb from extern al
pressure by inclosing it in an outer shcll of glass,
with ulcohol and a bell of vapour bctween. W ith
this construction t he outer wall beurs the wholc
of the prcssure, comprcsaing in turn t he ineluded
bell 01' vapour and relieviug ent ircly t he inclosed
thermo metcr hulb. Dy the use of this "Milfer­
Cnsellu ' modification of Six'a registering thcrmo­
iuctcr our dccp-sea tempera ture determina tions have
beon rcndcrcd fairly trust worthy.

Public in tcrcst was now fnirly nrouscd in the new
field of rcscarch. 'l'he rapid dcvelopmcnt of ocean
telegraphie communication made aU t hcse results
which affccted telegraphy in any way-the precise
dcpth, tho nature and compositi on of th e bottom,
t he presence or absence of animale capable of makiug
inroads into hemp or guttn-pcrcha, th e te mperature
of the watc r through which telegraph cablcs might
have ta pass-of the highest practical value; while
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the novelty and peculiarity of many of the observa­
tians awakened a wide-spread curiosity and iutcrest
in even the purely scientifie bearlngs of the inquiry.

Our cous ins ncross the Atlantic had been working
along with us pari ]Jasslt, and cre long several of the
E uropean States sent out dcep-sea expeditions more
or less effective. Kone of th èse wcre ut teuded with
any great amount of success, uud it scemed evident
that England mu st give, nt a11 events th e fu-st bread
outline of the ph ysical cond it ions of the hcd of t he
ocean. H ow this was Lest to he don c was il matter
of the most serions consideration and frequent con­
sult ation among th osc ta wham the carlier stages
of th e inquiry had been int ru sted ; aud finally Dr.
Carpentcr addrcssed a lutter t a t he Fi rst Lord of
the Arltniral ty, urgiug th c rlcspat ch of a circumnavi­
gating Expediti on, thoroughl y cquippcd and with a
compete nt scicntiflc staff, t o traverse t he great ocean
bas ins and prepare sections showing th cir ph ysical
und bicloglcnl conditions, along certain lines. Dr.
Carpenter's lette» was rcfcrred in du c course to the
H ydrographer ta the XU\"Y. who at once thruw hi mself
cordially into th e projcet und prcparcd a report , which
resu lted in the Lords of th e Admirulty egrccing to
the despatch of such an Ex pedi tion if t he Royal
Society reeomtncndcd it, and providcd th cm with a
Ieas ible sch ème. A committcc was uppninted by the
Royal Society . and a comprehensive schème was
drawn np,

'I'he sagaeious minister who at that t ime held the
purge-strings rcgardcd t his as an important mattcr
beyond t he rcach of' privatc cntcrprisc, und it wus with
the cordi al assent of t he H ouse of' Commons tbat Ml'.
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Lowe agreed to defray from the public purse what
additionnl funds might he required to equip a Sur­
veying ship in commission with ul l t he necessary
uppliances fol' scienti fic research, and to associate
with her complement of sclenfiflc officers a civilian
sta ff of speeialist s in departments whi ch do not come
within the scope of the ordinary work of naval
sUl'ye)'ors,

The Committee of t he Royal Society, with AdmiraI
Richards as one of it s mast infl uen ti al members, met
trom timo to time and offcred practical suggestions.
The' Challenger,' a spa r-dccked corvette of 2,300
tons with auxiiia ry steam to 1,23-.1, herse-power, and
usun lly mounting eightccn ûâ-pou nders , 'l'as ehosen
for the service; and Captain Xarcs, a surveying
otllccr of great experience and slngularly well suited
in crcry \Vay for such ft post, wns selected to take
conunand. \Vhen it was suggested to me at the com­
mencement of the negotiatious to j oin th e Expedit ion
as Dircctor of th e clvilian scientifie staff the sacrifice
uppcarcd in cycry way too grcat : but as th e varions
nrrun gcmcnt s progrcsscd, 50 man)' fri endly plans were
proposcd on ull hands to smooth away every diffl­
enlty, thnt l flnally acccpted a post which t o a
youugcr naturalist with out the ties of a family and
:1 rcsponsible home appoint ment would be perhaps
umong the most dclightful the world could offer.

A sta ff of ofllcers, many of th em surveyors and
ulrcady distinguished by their knowledge of various
hrnnchea of praotlcal science, were carefully selected
from a large number of volunteers, and a civilian
scientiflc staff, consisting of a dlrect or, his secretary,
t hree naturaliste, a nd a chemist, were appointed on
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the recommendation of the Committce of the ltoynl
Society. 1 es t ract th e list of officers from the Kavy
List for April . 18i3 :-

Captain
Comma.ndff' .
Lituknant

"..
NauigaJ.ing L~ftlU1n l

PaymMter . . .

Surgeon . . . .
Auiltant-Pay mn,;fu
Chûj E1Igin«r
S.b-~liIt.. ....

.. "
Nafligating Su.b· Litutma..'..
A,.W4nt-SurgtlJn
Engintt'r

..
Roallwain, Stoowl Clau
Carpcl.Ur, 8«ond Clau .
AuUta1!t ElIginm-, 8u:mtd Clrus..

George S. l'ares.
J. F. L P . Mnc1ear.
Pelham Ald rich.
Arthur C. n. Brcmlej-.
George R. Bet hell.
Thomas II. Tizan l.
R ichard R . A. R icbar..k
Alexander Crosbie .
J ohn Hynes.
James H . Fergusson.
H enry C. Slosgc tt..
vmJ George G. Ca mpbe ll .
Andrew F. Balfour.
Arthur L'hanner.
Arthur Ha vcZ'I;all.
Herbert Swire.
George Mnclean, ;'Ir,A .,)!. Tt
William .J. J . Spry.
Alfred J . Allen.
Ri chard Cox.
Frcdcl'ick \ V. \ Vcstfor,l .
W ill iam A. ]J/)\~· I c tt.

Willi am J . Ahhott.

C IV1LIAN ScIE.'i'T1FlC S TAn',

pWJfUfi)T C. wyvtüc Thomson, F.RS.
J . Y. Bucbnne a, l\1.A.
H . N . M05Cley , M.A.
J ohn Murray, &«).
Dr. von Willemoh..-Suhm.
J . J . Wild, Eaq.

Only one change hus taken place during the first
year; Sub-Lieut. Sloggett has returncd to England
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and has been replaced hy Suh-Lieut. H eury C. E.
H arston.

The particular build of the • Challenger 1 gives her
an immense udvantage for her- present purposc l as she
lins all the accommodat ion of a Jrlgute with the lmndi­
ness and drau gbt of wat er of a corvette, Sixteen of
the eighteen large gnns have bcen removed, and the
main-deck is alm ost entircly set nside for the scien­
tific work . Th e aft er-cabin is divid ed into two by a
bulkhead, and the two v('r~' comfort able little rooms
which are thus formed are occupied by Captain Nures
and myself 'l'he fore-enbin, a hnudsome room
30 feet long hy about 12 wirlc Into which th ese
privato cabine 0 PCIl, l'uns athwnrt-ship s, and Is
ligh ted bJ' a large port at eithcr end and two cupola
sky-Iights. The Captnin and 1 use this as a sitting­
room, the port end with wt-itiug-table and work-table
and book-cases packed with old home favourites,
being npproprintcd to 11l~' use and that of fi)' secre­
tary :\lr. " ' ild, to whcse facile pencil wc are indebted
fol' beautiful illustrations of our novcltics, und who
sits with me gnthci-ing in the var ious tbreads, which
wc combine in to Il synuuetrical web as bcst wc may.

'1'\\'0 sets of cnbins have been spccially bnilt on the
artel' part of the main-deck fol' t he different depart­
monts of th e seient iflc work . Th e chart-roctn, the
hcnd-quarters of the naval scientific staff, is a
commodicus apa rtment on the sturboard side with
ranges of shclvcs stocked with chnrta and hydro­
graphie, mngnetic, and meteorologieal instruments,
Ail t he work in these departrncnts, as weil as the
whole of the prncticnl opcrut ions in dredging, sound­
ing, and taking bottom and seriai temperatures, is
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conducted by the naval Offi CC1'S. The natural h istory
work-room corresponds with the chart-room on the
port side, aD11as this is a novel addit ion ta the equip­
ment of a surveyiug ship, 1 will describe it somewhat
in detai l.

The room (F ig. 1) is 12 fcet wide by 20 long, the
height betweou dccks 6 fcet l U inches. It Is ligh ted
1Iy a large square POL't , a smal l scuttle, and two
cupola sky-Hghts, and the sille to wards t he muiu-dcck
is closed by moveable glazcd sashes. At eith er end
are ft tted bread mnhogany dressers, wit h ku ee-holes
and spncious cupbonrds and ti er s of druwers bcncnth ,
and book-shclvosand cuphoards ngninst t he bulkhends
ahovo. At t he haek of th e dressera aIl roun d arc
ra cles wit h hales ta li t the flsh -globcs and the bott les
of vr u-i ous sizcs which arc in constant use, an d sitnilar
racks :1I'C flt tc d whercvcr t hore is nvniluble spnce
nguinst t he ship's sidc. F ol' convcnicucc of work ing
at sen it is impossible ta have tao many such racks
wherc bottlcs mn)' he instnntly put in safety in cnse
of the l'esse! suddenly rolling. Itacks for test-tubes,
whi ch arc simpI;v t hi ek sla.hs of mahoguny drill cd
with decp hulcs t a fit the t ulles set as closely as
possible, arc fitted ugnlnst t he wnl!s. Simil nr slnhs
of smulh-r sizcs arc ulso used for standing on the
tnhle while t ubes arc hein '. Illled with specimens.o

Sorne of the drnwcrs in th e dressera tire fitt cd
with racks for smaller hot tlcs, for specimens undcr
cxnmination al' fol' reagcnts, and ethers which con­
tain forceps, t ools, corka, and nll the innumcrnblc
smull things of a roug hcr descriptio n rcquircd fol'
ull OUi' eomplieatcd operations, arc eut up hy vcrt icnl
partitions into small compartments ta prevcnt tlu-i r
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contents being shnken together. 'l'he insu-muent
cases have each its own compnr t ment in th e druwcrs
and cupboards in which they arc sccurcd hy bot tons.
A fresh-wat er t ank and sink OCCIl P Y a spncc ngniust
the aide hulkhead, and spirit of winc is laid on ta
a locked-up tap from a cistern in th e uctt ings aboye.
Long shelves wit h ledges, r un ning puraliel with the
heams ovcrhcad . give a grea t deal of stowage room,
and va rious implements such as hm-pocns, botanieal
vasculums, an inject ing coppel', &c., nro convcnicutly
suspended from th e hearns and deck 11:: hooks. A
long ta ble is placed aC1'OS5 the cen tre of th e work -room
running right up ta th e por t, so t hat t wo persona sit­
t ing oppos ite one nnot hr- r at th e end of the tahie close
ta t he port hnrc ft !;oofl sldc-Iight for thci r microscopes.
The most convcuicnt hpigl lt for t he tnhlc, lIsing
principally H art nnch' s microscopes, was Iound to he
2 feet 9 inchcs. 'l'he microscopes Hm sc-urcd to the
t able by brass hold fu sts likc t hose in common use
on carpentcrs' br-uches. 'J'he holdfust whcn ln-onght
t a bear upon the lmck of th e foot.picco holds th e
inst rument r ig illly firm ; two hulcs :H'C horcd in
t he table fOI' t he holdfust, OIl C fO I' hold ing' 1Ile
mi croscope in position wheu in lise and the ether
for securing it when set usidc.

'l'he cent re of t he: t nhlc is divid erl l,y 11),," Ilxed
battens in to oblong compartmonts for micrc-rcngcnts,
canada-balsam, glyce rinc jel ly nml t he purnphcmal in
u sed in exnm ining objecta wlth th e JtI iCI'05COPC and
mounting microscopie preparati ons, iuk -stnnds, and
drawing mat cr ials. Two lurgc moderato- lumps
s wing below the cupolus, movcnhlo lu-anches fol'
caudlcs are screwcd to th e bu lkh cads, nnd for cxe-
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mining minute surface uuimals at n ight wlren they
are frequently in greatc st abundance the Bockett
mi croscope-Iamp made by Colli ns is found most
useful.

Three of Ilur tuacb' s small modcl microsco pes with
objectives 2, 4, 7, 8, and 10 are in constant use in
the work-room, bu t one of Smith and Beck's binocu­
lars is found more convenien t for observing objects
sueh 3 S the large forami nifcra, by reûected ligh t .
There arc also severa] other mic roscopes by R oss,
Zeiss, and et her makers avnilable, and a number of
the ordina ry dissecting microscopes.

The lient of the tropics affect s unfavourably many
of th e substances in common nse in mounting micro.
scopic preparati ons; thu s glycerine jclly will scarcely
set at ull bu t romains ncar ly û uid, and the differen t
vtn-n ishcs nud lacs remain soft and sticky. It is
unsnfe to pu t preparat ions on cdgc, and we find
smull plue-wood cases suppl icd hy Baker, H olborn,
eont ain ing ench twelve hori zont al t rays with accom­
modution for six dozcu slldes, most suitable for
storing. It is alrnost inconceivable how difficult it
is to kecp inst rument s, parfi culnrly those which nre
nccessarily made of steel, in work iug order on board
a ship ; 01' how rupidly even with t he greatest caro
1IIc)' bc com c dcstroyed 01' les t. F or th is reason it
is nrcessal'Y to hav e nn nlmost unlimited supply of
tbosc in most frequent use, such as scissors, forceps,
und scalpels of al l siees : reserves being ruhbed over
with mercuria l ointment nnd stowed awny wherc
they can be looked at from ti me to time.

'l'he operations cun-ied on in t he work-room on
ship-bourd are of course very mucb the same us t he
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ordinary rou ti ne work of a muse um work- room und
a physlologicnl labcratcry, and t he proct'SSI'S ure
much the snmc, only modificd h~' the specia l natu re
of ou r work. " ·c are pro vided with ;111 the neccssar>"
nppa ratus aud arrangemen ts fol' skinniug, mcunting,
and preparing specim ens in nll wnys, nud fol' disseet­
ing and iuject ing. By far the greater nnmber of the
animals obtaincd arc preservcd in sp h-it, und to the
stowage of spirit and of sp irit prcpnra tious t he entire
fore-magazin e is dcvo te d. 'l' he spir-it is stored in
eyliudrical iron vesscls, cout nini ng euch four gnllons
and elosed hv screw-tnps ; thev are stowcd in racks. .
in t he magazin e :lIH\ taken up as rcq ui rcd und
emptied in to th e tank in the nctting s. 8to\\'011 nlsc
in racks in t he muguxinc ure a sel'ips of cases of
wide-mcutherl specimen hottl cs. 'l'h e <:[I"I 'S are num­
bered and arrnu tn-d in the racks in ordc r-, sn t hnt i t

is only necessa l'Y tn gÎ\.l tho numlu-r to the S'nu nc l"s
mate who hus charge nI' t he magazine, und an y case
required is nt once luuugh t up into the work- room
for inspec tion. An exact list is kc pt of the contents
of euch case and of cach bot tlc, st) 1hat it is nover
necessa ry for any mcmbcr of the scient ific staff ta hPl.)
down into t he magnai ne. 'J'he hott le» in which t he
grcater par t of t he specimens ure prescrvc d arc thusc
known in t he t rudc as ' <ll'f1 I'.llOtt lps ' tnnnufuct ured
for holding swcetmcats 01' vm-ious kinrls. 'l'h ey ure
of pale-green glass, vel'Y trtmspu rent, und lire closed
by glass stoppers with cork rims. Th rcc slzcs ure in
use. t he dia mctcrs 01' t he bot tt cs hcing G Inchcs. il.}
in ches, and :Jl iuehcs, with mouths a:,', 2 :~ , and 2.1
inches respcc ti vcly. 'l'h o bot tles arc a il or tlrc snme
height, D inches, nnrl t hey pack couvr-nicu tly lI1)-



CIiAr. 1.) ru s EllUIJ'i.llB1I"1' OP rn » «uu -. l7

ri ght in cases with woodcu partitions and hinged
lids, and padded at t he bcttom with cork. 'l'hese
jars are cx tremely convenient an d wcud erf'ul ly chcap ;
200 cases complete containing 2,300 j ars were sup.
plicd by R Brefflt and Co., Upper 'l'har nes Street, at
a cost of 70/. Beaides these large sto re-bot t lcs there
arc many thouaantls of sma ller st oppcrc d bottles and
corkcd test- tu bes of different sizes and form a. La rger
animals ure pa cked in cyliuders of zinc, which are
mad e on board by a tinsmith as required.

F or preserv iu g salpœ, lietcrcpod s, and ether
sa rfnce-un imals contain ing much water a solution
of p icric acid in wuter lins been round very useful .
A sut uratcd solutio n at t he ord iuary temperature of
Englaud (say 00 C.) uuswers well , but picrlc ncid be­
comus rapidly more soluble as the te mperatu re risee,
und in the t rcpics a sutu ra tcd solution is much
tao strc ng, und slu-ivela up delica te tissues. 'Ve have
new ou board a OOl'ill u!'ùt which, ha ving Iost its
sbell, was pu t into the pi cri c ucid soluti on as an
cxpcriment, and uftcr tell mo nt lis if is sti ll wond er­
lu lly pcrfcct, rctaining the form und t he trausparcucy
of t he thick gelat ino us mnntlc uuimpaircd . ] Jt C1'U_

tracùe« and Firoùc haye beon simihu-ly prepared with
succcss, and a portion of a huge P Y 1'08U1Ua {) fcct
long wlrich wus brought up in the trawl thus treatcd
is in excellent condition . Soft and pulpy animuls
stecped for a fcw hours in fi. weuk solu tion of chromic
ucid before bcing put in nlcoho l have their t issues
hardcncd and retain their f01'111. '!'his 111'Ocess answers
weil fol' occanic cephalop ods and holothurians, which
shoulrl he put in livin g and ullowcd t a die in the
ncid, A very woak solu tion of osmi c acid is of grea t

G
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account of t he laboratcry und of sorne of th e prin­
cipal apparatus and processes bearing upon our
special Iine of research is abstracted from a eareful
description prepared by )1 1'. Buchanan, which will
appea r in full elsewhere. 'l'he lnboratory is l Oft . .kin.
long by 5 ft. 3 in. 'l' ide and Gft. high. It is lighted
by a large squa re port and by glass sashes in t he
door and bu lkhcad towards th e uiain-dcck. The port
is clcsed bv a French window in t wo sushcs opeuing• 0

inwards. 'l'he Ilt t iugs consist of a work lug bench, a
locker-seat, a blow-pipe table, a wï-itiug-tab le, and
drawers. 'l'he work ing hench fllls 1Ip th e spacc he­
t ween the port and t he afte r bulkhcud ; it is 1·ft .
long, 2 ft . 'l' ide, and a ft . 10 in . hitrh , H is huil t 01'
tcak, the top in t wo slahs l ~ in . thick, bclow which
are nrrange-l a u umher of dru wcr-, und surne shulvcs
for the reagents and nppurat us in constant use, 'l'be
reagcnts arc contuined in bot tles of four sixes, large
und small for liqui ds and large und smal l fO I' sclkls,
wit h fiat stoppees. The large huld about 350 cc.
and the small 50 cc. T he lorge bott lcs occupy t hree
drawers divided in to 18 ccmpart mcnts cacb, and th e
small two draWI!I'S oach with Ge) compa rt mcnts. A
number of 8111a11 druwcrs arc fitt ed ta rcccive the
cveryday la lxnutory wnu t sç-c-filtcring Imper, hlow­
pipe apparutu s, ccrks, india-rubbcr, &e.; and one is
special1y set apa rt for nail s, scrcws, and hooks, t hiugs
not without their uses in a luborutory on shore and
absolutely indispensahlc at sca, wherc l'very article,
even t he emallcst, must not only have Us place but
must be eecurod in It,

The top of the hench Is flt tcd with shifting bnttcns
t a keep tll ings fr om falliug off, and at one corn er a
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leaden sink is let into It, communicating with t he
sea by a pipe which passes th rough a scupper.

The locker- seat stretc hes across the forward end of
the labora tory. It is 5 ft . 9 in. long, 2 ft. 6 in . wide,
and 2 ft. high, and is divided into three compartmeuts
for the sto rage of apparat us not in constant use,
The top of t he locker is cushioned, and serves for a
lounge ; and aboye it are two book-shelves stocked
with books of reference in cbemistry , physlos, and
geology.

The blow-pipe t able is 2 ft . 9 in . high and li in.
square, and cardes a folding leaf The bellows are eir­
culnr , 8 in . in diameter , and th e table is 50 fixed near
th e inn er bulkhead that they can he convcnient ly
worked from the locker-sent.

The wi-it ing-tabl c cau be mised for use or folded
clown out of the way at pleasure. It is close t a t he
window, 2 ft. Gin, long, by 21 in. wide. Every ava il­
able wall space is occupied by shelvcs, and wlien
standing at the wcrking bench one has t he glass
nppnratus in ordinary use such as beakers, flasks,
test-tubes, èc. , convenient ly nrranged on shelvee to
th e right hand and behind him. As in the nntu ral
history work-room decp shelves are run along the
beams, and t h èse ser-ee for th e stownge of glass
1uhing , note-books , portfolios, and misœllnueous
art icles. On wall -spaces not adapted for shelves
small articles are ûxed by hooks or nail s, or in wbat ­
cver way is most suitable, t a he ready nt hand . A
convcnicnt way of stowing glass tubes, small pipett es,
parts of larger upparatus, &c., as weIl as pens and
pencils, is t a slit up a piecc of india-rubber t ubing
an inch or sa long of suitable bore, and fix it ta t he
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bulkhead by a t ack. A light indin-ruhber clamp is
thus formed su fficiently strong t a g rasp and rt-tnin
anyt hing ligh t. If t he t ube he long each end may
h l! supported in th is way.

An ingenions modification of Hunscn's npparat us,
by Dr, J acobsen of K iel , is uscd for hoiling t he atmo­
spher!c gnses out of the sen-watcr. It consists of
t hree principal part s.i-- fhe flnsk, the bulbed tu be,
and t he receiver fol' the gnscs. The Ilask îs spheri­
ca l, wit h a st ron g lip ; t he one at present in use
contai ns 910 cc. 'l'h e peculim-ity of t he apparat us
consist s in t he urrnugcmen t of the bn lbed tube. 'l' he
bulb ct (F ig. a) in whi ch t he wutcr is hoilcd to expel
t he air l'rom tho appu ra tus is 01' th e peur-shape
representcd in t he figure, in 01,(1(,1' to hnvc the exit­
t ube as nenrly us possible al it s highcst point, sa
as to prevent the accumula t ion of " 11.\' a ir in t hc
upper part of t he bulb. Its capncity is uhcut 60 cc,
The lower end of t he t uhc is closcd, but about half­
an-inch from . the end it lins a very stuni! hele c in
the aide. 'l' I J(~ pcrfo rated indi u-ru hbcr cor k d tit s t he
neck of the Ilusk nccnrut cly , und through the PCI'·
forafion t he t ube passes nir-t ight uud with sorne
fri ction. 'l'h e rccci vcr 1J hol ds 1'1'011 1 GOto liO cc., and
has the en try- and exit-tubes eont rnetcd in the way
shawn in the flgu rc. 11 is j oiucrl t o the hulbcd tube
by an ai r-t ight india-rubhcr cunnect.ion , and carr ies
at it s exit another picco of tuhing for a pu rpose ta
he mentioned prescn tl y. The upper par t of t he
apparatus is supported hy th e clamp tn, und hy th e
hent rodj; wh ich clamps flrm ly on t n the 10we1' part
of the bulhcd t ube, The flusk is supported in the
weter-bath fi hr the clamp lt ut tachcd tn the retort -
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sta nd J.:, which in its turn is lashed to t he blow-pipe
table.

When the npparatus is to he u scd, a su fflcien t
quantity of boiled distilled wuter is introduced into
the bulb, and the cork cl pu shcd OHl' t he opcning c.
The sea-water to he examined is run direct ly into
the flask from t he deep-sen wnter-bottle by m éans of
a tube wit h fi nnrrow opcning rcaching to t he hottom
of t he flask, t he tube hein!;, gradually wit hdrawn
until the flnsk is nverûowlng. 'l'h e opening o in th e
t ube is then ln-ought j ust bcl ow t he Iower surface of
the cork, whi ch is presxed ti ghtly into the neck of
the tlask. ..\ certain nmount of wntcr displnccd hy
the cork r iscs into th" hulh , und the t uhe is ca refully
drawn upwnrds t ill the opening is well wit .hiu t he
cork and t herefore closed. A small vucuum is t hus
produ ced, caus ing the innncd iutc a pIH'anIlH:c of air­
bella in t he wnter , 'l'he rceciver 11 is U(lW ut tachcd,
and the watcr hroueht to hoil ing by a hnnd sp ir it .
larnp, and kcpt SI) u nt il th e wbolc or the air has heen
expelled, which tnkcs from six to eight minutes.
'nlile the wntcr is stiJl J,oiling th e indin -ruhbcr tube
un the exit tube of the recolvor is closcd wit h a g lnss
stopper so tapcn-d t hnt at thn puiu t i t slips cnsily
into the t uln-, und IJd llg f ll'I ~S s( ~( 1 in closes it t ightl~, .

'J'he recei ver is IIU\\' hermeti cal ly :-;('a lt-d ut th e uppcr
contraction. and connection made hetwccn t he hull!
and the Hask hy pushing dowu the tube uutil the
hele c is below the cork. A Iivcly discngngcmcnt of
gas commences which is kcpt ur hy henting the wntcr
in the watcr-hath, the wuter l,( ~ ing lu-ough t slowly tn
the boiling point, at which tempera t ure il is rctained
for sorne tirne. " ' hen it is j udged that the gns hus
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been wholly expelled the receiver is sealed up at the
lower contraction and the operation en cled.

'l'he arrangement employed for boiling the car­
boni c aeid out of sea-water is r epresented in Fig. 4.

'l'he flask a has a capacity of about 500 CC., and
receives the sea-water to be operated upon usually

FIG. 4.-'I'ho Cnrbo nlc-nehl Apl'nrntu s.

to the amount of 200 to 250 cc. It is closed by an
inc1ia-l'ubb er cork, through whi ch pass 'two tubes ;
one reachin g to the bottom oommunicates with the
at mosphe rc by menus of t he soda-lime. tube f, ta
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to which it is uttached hy a flexible tube; the et her,
opening but Iittle below the cork, communicntes with
the condens er b, a cylind rica l coppel' vesse! 5~ in , in
diameter with a block -t in worm. The Iowcr end of
the worm is uttaehed ta t he receiver c hy a ben t-glass
tube with ft flexibl e joint k, fr om which ft glass tube
Ieads ta the bottom of t he receiver. The flcxihility
thus ohtained is of t he grcntes t use in pr actice,
enabl ing one by shaking tc expose constan t.ly fresh
surfaces of the bary ta-water ta the pussin g gases.
'l'he receivcr c is connceted lIy ind iu-rubber tube
with the two Imlhed Li-tubes cl, d; the aspirator e
enables a stream of ai l' ta lie dra wn t ln-ough t he
upparatus, and hct ween it and t he V- t ulles there
is a soda -lime sulcty tube .z-, the wuter ru uning t'rom
the aspirato r ont at the port hy the t ube }It which
passes t hrough a hale in t he sash.

The flusk (1- is supported on a ring by the clam ps
Il and 0; hoth of t hese, along wi th t he spir-it-lump P,

are fixed in the usuu l way to the iron roll 'J, whieh is
uttaohed ta t he proj ectiug henni of t he ship's sille by
t he eye-bolt 1', in whic h it lins a play of rather more
than an inch . '''hcn Ilot in use the red is pushed
up out of t he hol e in t he working-tah lc in which it
is inserted and b ill along t he roof, its lowcr end
being eupportcd hy t he IHJok 8 .

'l'he carhonie acid is dctc rmi ncd by holl ing i t out
of sea-water and rcceiving it in bury tu-wuter of
known strengt h ; the a mount of bary tu nc utrulizcd
is then uscertui ned hy t.itrati cn . 'l' Ile seu-wate r is
boiled in t he flask a , and the bury tu -wnter is db­
tributed bctween HIC l'cocher o and the V-t ubes
d, d. ""hen a sampic of wntcr is to he cxnmined,
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the upparatus is put t ogether and a stream of air
freed from carbonic acid pussed through it ; t he
corks in the recciver and tubes are then eased, and
15 ta 20 cc. of baryta-water, usually about t en th­
normal st rengt h, l'un into t hem. The water to be
examined is introduccd into the flask a, and 10 cc.
of a concentra ted chloride of barium solut ion added
to i t to prccipitate the sulphat es. 'l'he apparatus
is then put together and heat applied to the fiask ct.

The boiling is cout inued unt il less thau 50 cc.
remain in the flusk , a constant strea m of ail' being
drawn through all the ti me. 'l'he great bulk of the
carbonic acid cornes ovcr in the first 30 to 40 CC.,

and du rlng th is t ime and occnsionally throughout
the whole operation it is weIl to shake the receiver
gently, so that frcsh burytu-water shal.l always
ïuc istcu the wnlls. w hcn this is utt ended to only
a slight turbidity appears in t he first TJ-tube and
t he second rcmuins perfectly clcar. " Theu sufficicnt
water has been diat illed over, ail' is allowed to pass
for sorne timo, and the conten ts of the U-t uhes and
the reœ ivcr arc ccllcctcd in t he latter , and the
nlka linity determiued by m éans of tenth-normal
hydrochl oric aoid, th e point of neutralization beiug
iudicated b,)' rosolic acid .

A '"C l'y impor tant subjcot for investigati on in the
chcmist l'y of t he ocean is t he nature and qu antity of
the ut mospherio gascs dissolvcd in the water. 'I'hese
are extructed by boiling in oacuo in the apparutus
ulready dcscribed, and at the end of the operation
are ohtained hermetically sealed in glass tubes, in
which they mny he preserved for an indcfln ite time.
or course it is, as a rule, more convenient to rctnin
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such specimens until they can be carefully analysed
on shore ; but in a long cruise it may sometimes be
of importance to make an approximate analysis, as
the composition of the dissolved gases, particularly
in volcanie regions, may bear upon ether questions.

)'ro. 5 - 1'loe OnK-nunl )'K' . Al'l'nmtllK,

'l'he apparatus reprcsented in Fig, 5 was designed hy
Ml'. Buchanan to ful fil this purposc. It consists
essentially of two If-tubes. 'l'he one, A, which accor d­
ing to precedent wc may call the' Laboratory tube,'
is whoBy of glass; the ether, the cudiomete r, TI, has
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the legs of glass united by an india-rubber tube of
suitable length. 'I'hese two parts are connected by a
capillary portion (g f b cl ct ), of which the part
(b cl ct) belonging to Ais' shown separate in section
in Figs. 6 and 7. The stopcock a is pierced with
two tubes, the one (F ig', 7) affording direct commu­
nication upwar ds between the two portions of the

FIG. U.-Arrau gellleut of the Capillary por tio n
of th e Gns .nualysis Apparatus,

FIG. i .-AlTangemeut of th e Cnpilla ry
por t ion of the Gas-aualysis .Appnrntus.

capillary , t he ether (P ig. G) communicat ing with the
atmo sphere through the prolongation of the stop­
cook. b, c and cl ar e ord inary stop cooks piercecl to
the bore of the capillary. A general idea of the
use of t he different parts of the apparatus will be
obtained from the description of the analysis of a
snm plo of ail' cxtrac tcd l'rom sca-watcr . Suppose the
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instrument to he set up. and with the gaseons mi x­
turc in the eudiometcr where its volume has been
ascertained. The mixture consists, wc shall say, of
oxygen, nitrogen, and carbonic acid. The last of
these is determined flrs t hy absorption by caus tic
potash . For this purpûse mercury is l'un out of n
hy the stopcock y, p is raised and t he stopcocks
c b and a opened. The ail' is t hus drtven over out
of q into m, mercury being all owed to fill the capil­
lary. when the stopcocks are agnin shut. The cup e
is DOW filled with strong solution of caustie potash,
and, the leveI in n being st ill kept low, t he stopcock
a is opened full and d very carefully, thus allo wing
caustic potash to l'un clown t hroug h a in to 111, whcre
it meet s the gas in t he must ad vantageous way fol'
quick absorpt ion. 'Vhen cnough enustic potash hus
been allowed to enter, cl is closcd. sorne mcreury
poured into e, and fi again opcncd, when th e mercury
drives aU the solution out of t he capillary tube into
m and occupies its place. " 'hen the absorption is
fini shed the level of the mcrcury in n is ngain raiscd
and the stopcocks band C opcned. 'l' he stop-cook (l

is now very carefufly opened , the fion' of the gas
being further regulutcd hy raising or deprcssin g p ,
and the gas allowed ta pass OVC1' into '1 unfil the
potash solution just t ouches the 10\\"('1' sur face of the
stopcock a, which , being open , has the position
shawn in Fig. 7. 'I'he position of ( t is now changed
to that shawn in :Fig. 6, which enables the potaah to
he eliminated from the apparat us. The position of ft

is then brought back ta that of Fig. 7, and the gas
remaining in the capillary swcpt out by mercury and
measured as before.
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If t he oxygen is to he determ ined hy absorption.
the manipulations are exactly t he same as in the
case of carbo nic acid, alkaline pyrogallic acid being
used instend of caustic potash. If the oxygen is ta
he detcrmi ned by eudiomet ry, th en, after the car­
ben ie acid ha s bcen absorbed, the gas romains in the
eudiometer, t he stopcocks c and b being closed. The
stopcock cl is now opened and a turned t he reverse
\Vay to t hat shown in F ig. 6, t hat is to say wit h the
side communication fJ 'Y cornmunicat ing with t he
capil lary aboie a. The capillary is t hus empt ied of
mercury, and the hydrogen evolving apparat us is
connected with 't by an india-ru bber tube and th e
hydrogen allowed to stream through a d e unt il al l
the air is swept out ; th e stopcock d is then closed
und a brough t hack to th e posit ion in Fig. G, when
t he gas entees m. 'rhon enough hydrogen has passed
in, c is hrought ta its posit ion in Pi g. 7, and th e
hydrogen apparatus is dispensed with. Mercury is
new pourcd in to e, and d opencd, and the hydrogen
in t he cnpillary driven into m, its place being taken
hy merc ury. 'l'he hydrogcn is ne w pnssed over intc
t he measu riu g t ube and measured, and the explosion
is made.

" 'hen the aualyais is flnished th e merc ury is
emptied out of the tu bes, t he parts A and B are
separated from each other at f by relieving the
india-rubber connec tion, and from t he box by taking
out the screws x x x . 'I 'he mercury receptacle D is
rcmoved and A and n deposited each in it s own
wing of the box, to which it ûts, and is flxed by
the bolt a z s. 'I'he whole gas-analysis appumtue is
DOW contained in a box which tneasures when
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closed, over t he out ide, 19 in ches 1.>~' Ü in che
square.

F ig. 8 represents an apparatus fol' preparing oxy­
gen, hydrogen, or knaIlgas, for u e iu goas analysis.
It is of the well -known form of the lecture-apparatus
known as 'Hofmann 's tubes .' It cous ists of two
tubes, A and B, united at their lower ext remit ies by a
sho rt tube c, whi cil conn ect them at t he same tim e

by meau s of the tube D with
t he reser voir E, At their
upper extremities A and. II

t erminate in capilla ry tube
provided with st opeocks F }',

Communication with the' re­
servoir cau be m ade or inter­
.rupted by the st opcock G.

One of t he tubes A is 1'1'0­

vided with two platinum
electrodes, t he other, J~, ha
hut one . Bent deli very-t ubes
n ot shown in the drawingfit
on t he tubes above t he stop­
cocks F x'. When about ta
be u sed, aIl the stopcocks arc
opcned and dilute sulph uric

"~IO. 8.- Gns-gcneruting AJllJaratus.

acid poure d in t hrough th e
reservoir until i't has el iminated al! air and is
running out at the delivery-tubcs, 'l'h e stopcock G

is now shut , an d t he battery connected as circul1l­
stances may require, eithe r wi th the elect rodes in A

or with one in A and one in JI. Gas is allowed to
escape freely until one can he su re thut all dissolvcd
air is rcm oved ; th e stopcocks F I:' arc now .loscd
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and G opened, and the liquid in A and 13 allowed to
sink until it just cover s the electrodes. G is then
closed and F F opened, wh en the gases may be in­
troduced into the eudiometer in the ordinary way.
'l'he whole apparatus is attached to a mahoguny
slab H which fits into the hox K-shown eut
through the middle in the drawing-s-either when
in use, as represented, or when not in u se, as a lid,

F;

Fln. O.-Sca -goillg Sund-bath.

with the upparatus within the box. 'l'h e box thus
answcl'S t he double purpose of a convenient stand
and a sare packing-case.

For cvaporating or hcatiug in flasks or beakers a
small sand.bath suspendcd on gimbals lias been found
very useful. . . A A (Fig. 9) are iron brackets screwed
to the ship's side ; II is the outer frame, made of cast­
iron and moving on an axis pnrallel to the ship's.
lcngth; c is the inner frame, al so of cast-iron, and

1)
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moving on an ax is at right angles to that direction.
The size of the irou frame 'l'as ar ranged sa as t a re­
ceive one of B uuscn' s thcrmcstnts in ordi nm-y use in
laboratories, and wus fum ished with fi cast -iron plate
when used as a sand-bath, with n picce of strong
copper-wire gauze stre tched over a frame for boilin g
purposes, and with t wo cast-iron plat es with large
hales to receive water-baths. The hal f-inch iron rads,
D D, are fixcd to the lowcr sidc of t he inuer frame,
and the Ieaden countcrpo ise E is movcab ly at tached
to thern by screws.

F or ccllcct ing wutcr From t he bottom wc use a
water-bottle, originally , 1 bclievc, the inventi on of a
Swede, but which wus fl rst suggcstcd for use in the
'Challenger ' by the visit of the German X crth-Sca
E xpedition to Leith, a visit wh ich wc have to thank
for numerous ether niost u scful hi nts.

It consists esscntially of a brass cylindcr, A (F ig.
10. r, II). which slirles nI' and down a metal
shank, B, of at lcast tw icc its lcngth. 'Vhcn the
water-bottle is sent down, the oylindcr is Hxcd in t he
upper part of the shank, as in l~ig. 10. 1 ; nnrl when
it arrives at the hotto rn it is rclcaserl and fa lls down
to the lower part, as in n , whcre it rcst s on t wo
accurately grounù valves, (J und n, wlrich fit into
two conieal surfaces on t he inside of its upper and
under edges. 'l'hus t he water whi ch su rrounds the
shank at the moment of slipping is sccurcly onclosod.
The proper working of the instrument is dependent
on the shank remaining straight ; au y bend in it
would cause t he valves to leak. In the instrument
used in the German Expedi tion this was sufficicntly
well provided for, for shallow soundings with light
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weights, by the two valve being connccted hy a
short iron l'OÙ, and the upper valve with the s!ippinO'
arrangement by means of four slighter ones; but fol'
deep soundings, where it is attached to a line along

with a weight of three and often four
hundredweight, greater strength is
neoessary to enable it to withstand the
knocks which, even with the greatest
care, it is exposed to, in being got
over the sh ip' side in a sea-way .
~Ir . Milne of Edinburgh, into whose

"E hands the constr uct ion of t he instru­
ment was put, has secured t his end
in a way which adds equally to t he
eleca nce and to the strength of the
in strument . 'l'he shank and valves
are one solid brass casting of t he
shape sh own .in the figure, the cyliH­

der is another, and the slipping
arrangement E, fixed to the end of a
red F of suitable leucth an d creat:l t>

stoutness, is screwcd into the to p of
the shank , the serew bein g secured
by a rivet. 'l'he water enclosed is
removed by means of a tap G, passing
through the lower valve, ail' being
ut the same t ime admitted at t he top
hy th e removal of a plug JI, from a

FIG ll.-In .lmm.nl rllr
.1ippl llglhCCl'lh"l"r~t hole in t he UPIlCl' va lve .. 'l'h e lower
Interrnedlnte depth s.

valve and stopcock ar e protectcd from
damage when st riking ugainst the ground by the
casting extending ahout six inchcs helow t he valve.
'l'h e arrangement and dimensions of the parts arc
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sufficiently app arent from th e plate to make furtber
description unn eeessary. The slipping arrangement
is in prin ciple the same as thnt used on Brooke's
sounding-rod.

In order to ndapt t his water-bot tle to colleeti ng
wat er at inte rtuediatc depths, it is fitt ed with a
slipping plat e FI F ig. 11, Iurni shed wit h a metal
Ilnp Q, wlrich dep rcsees it when t he motion of tbe
inst rumen t is rcverscd. It is însert cd Intc a slct
N, im medintely below the usunl sl ipping plate to
whicb the scuu dlng -Iinc is ntta chcd, and differa
from th e latter in having a deeper notch R, and
lurviug a slot instcarl of n hole for t he recepti on
of th e pin ' l' , round which it turns. The objee t
of this slct is, that after the string hns been Œ1.St

Ieee, t he Ilup ll W ,r Iall down d ose nlongside t he
red and :111'01'd us little resistance as possible in
pullin g Hp. In using the in strument, it mu st be
let go bcfore th e flnp enters th e wutcr , and Dot
chcckcd uuti l th e depth dcsi red hus been reached,
Fol' collecting watcr at :lllY giveu depth below the
surface and rctuiuing the gases dissolved in it,
) 11'. Bnclmnnu has dcvlscd t he ycry ingenious
instru ment (F i:;. 12), which, in cnreful hnnds, gives
s;ltisfaetor.r rcsults . It cons ista of a brn ss tube A,

t wo lncbcs 11llÙ a lmlf in ùiamcter and of a length
suitnblo to the capacity desired, closed at beth
ends h)' stopcocks D n, wit h ~ .ineh clear passage ,
attachcd by tlangcs, scrcwed clown up on washers .
'l'he stopcocks [Ire counected hy 11 straigh t brass
boaru C, l111d , 'l'heu fully open, t he levers D D

whieh work them stand up at an angle of 45° to
the axis of th e instrument , and when ful1y sbut
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o

FIG. 12.-DII("h . n.n'•• Slol' rork W. l rr.botllo.

[ CU.... I·. 1.
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they point downwards at abou t an cqual angle.
'l'he bearn conn ccting t hem carries a met al plate
E of about thirty squa re inches uren, secured by a
pin F, round whi ch it movcs freely t hrough two
righ t angles, when pushcd upward s ; but when
pulled downwards it is arrested in a position at
right angles to t he bearn by a tangue G, resting
upon a sprl ng II, t he strength of wlrich is such
thnt, before giv ing way, t he rush of the water
past the pla te will shut t he stopcccks. The plate
then passes t he spring, and any reversal of the
motion of t he apparatus will only reset the plate,
and, on heaving up, shut t he stopcocks doser.
As t he water is t hus herm etically cnclosod it is
neeessary ta provide for it s expansi on on coming
ta the surface. 'l'b is is secured by menus of a
safety-vulve K , the t ube L of which penetrates
well iuto t he iuterior ; so t hat, supposing t he wuter
to he ovcrc harged with gas, it would, on coming
to the surface, only suffer traie}' t o esca pe, the gas
rcmnin ing at the top of the instrument. Brasa
Iuunels 111 n arc fit tcd nt top and bottom, 5 0 as t a
givc a grcutcr drew throngh. They unship, and
cau be rcpluccd by nozzles x, scre wing down upon
washcrs uir-t ight, to t he top of one of which can
he ufllxcd n gns-collccting npparutus, such as Bunsen
used fol' boiling t he gases out of water, The brasa
wnter-botüe tl rus replaces the flask ord inacily used,
and randers transvasing unnecessary. ln arder
thnt t he instrument may answer t his purpose
the par ts mu st be fit ted with the aecuraey of an
air-pump. Unfortunately tbose in use on board the
•Challenger' had to he finished 80 hastily that
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th is condition could be only irnperfec tly complicd
with.

T he instrument arrangcd for sink ing is rcprcscutcd
in Fig. 12. 1 ; in Fig. 12 . II in secti on when the liuc
is check ed on ccmmeucin g t o hnul in, an d in }<' ig.
12. III in perspective uf'ter it lins been brought
up. and with one of t he Iuuu cls rcpl aced by a n ozzle.
Oare Îs necessa ry in usiug th e instrument to sec
t hat the stopcocks work cnsily, hut not sa easily
as to ruake them shut h,\' t he wcigh t of t he bearn.
'I'hey l'an be adjustcd to no,r degree of stiflness by
means of t he scrows in the kcys of' t he stcpcocks
and t hose attaching the levers to t he bcum. "~hcn

t he inst rument hm! 1J('('11 set und fixctl to t he
soundiug-linc, it should Ile lowercd as ncarl y as
possible to the surfa ce of the wntcr and thcn lct
go, caro being takcn thnt t he linc is not chcckcrl
till t he dcsired depth is at taincd. If the vcssel from
which t he soundinus are beine takcn is not very hi..he t> • :')

out of the watcr, it is bcttcï-, as soon as the wntcr­
bottle is flxed , to let it ~o with out prcvious lowcri ng,
avoiding thercby the dnngr-r of the stopcoeks bcing
shut by the Iine hcing 10 \\"(']'cII by jerk s.

That the inst ru men t rcully collocts th e wutc r at
the depth ta wh ich it is sunk, 0 1', in othcr word s,
that t he watce rcull y pas ~';{~ S 111rouI-\'h i l. without st ick.
ing, was provcd hy sorne cxperimcuts in Linl ithgow
Loch . The bottle wns flllcd with water oontnining
ferrocyan ide of potassium in solut ion and sunk to
various dcpths, t he wat cr brougbt up bcing testcd
with pcrchloride of iron. 'Vatel', hrought up from
any depth over l~ fut hom a, sbowcd no trace of
prnssian blue.
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"For det ermining the specifie gravity of the sea
in different parts of t he ocean )1 1'. Buchanan uses a
hydrom eter of t Le followiu g const ruction and dimen­
sions:- It is a glass instrument of the ordinary shape,
lcaded with lUcrcu ry and carry ing an arbit ra ry seule.
lt is marle to float at t he lcwest mark on th e stem
at about 15~ C, 1'0 t he top of the stem is fitt ed a
small table of thin shee t brass , of such a weight
that it dcprcsses the instrument, in distilled water
of 15~ C., to th e highest division on the stem. This
table is destined to enlOI') ' sueh weigh ts as shall sink
t he inst rument wit hin t he Iiurits of t he scale in t he
l iquid whosc specifie gl'aYit.v is to he determiued.
'l'he instrum ent censes to he uscful whcn th e weight
hecornes 50 great as to ronder it top-henvy. By
use of n ser-ies of six weights , specifie gravities
lcrwcen 1 and 1'03" C~H1 be dctermiued with one
hydrorneter, and t he re sult a he nccurate to 5 in
the firth dec imal place.

'l'he mcthod of const ruct ion is as follows :-A piece
of glass tube of sui tablc nud uniform diameter is
chosen for th e stem , nud th e cylindric nl body ut tached
to it . A pnpcl' mil lim et re scalc is insertcrl into t he
stern, and mercury pourcd in until it sinks to the
Iowcnuost division in disfillcd wat er of 15~ C. It is
new nœcssary to cnl ibmto t he stem. This is doue
lIy îmmersinp the instrument in distilled wat cr of
HtC. and londing the stem hy placing knowu
wciglrts on th e top of it and read ing t he consequent
depression. In ci-der thut th is lllUY be donc con­
venicnt ly t he stem is not scnlcd up at t he top, bu t
slightly widcned out to n funncl-shnped openi ng, on
the edges of which decigramme weights l'est securely.
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The value of th e sea le huving been thus determincd,
the stem is sealed up, and the DOW fini shed instru­
ment is very carcf'ully wcighcd, and it s weight in
vacuo calculated. By immcrsing it in dist.illcd wat er
of differen t temperatu res it s volume fol' different
t emperatures is obtained. The instrument is now
finisbed so far as determining specifie gravifies "cry
little above tbat of distilled wat er is coucerucd. In
arder to extend t he m nge of th e instrument a series
of weights is made, such that it shall always he
possible to sink the instrument within t he Iimi ts of
this seale in soluti ons whosc specifie gravities lie
between land 1'0:31.. 'l'h e lightest of th csc weights
is a small t able, capable of bcing placcd sccurely on
the top of the stem, and dcsfincd, whcn grcater
weight is requircd, to carry any of t he ethers .
Th èse are made of about the calcula tcd weight, aftcr
which thcir truc wcight is accura tcly dctcrm incd.
A chcap and rcady WIIJ' of mak ing thcse weights
was found to he, ta cui the Iigh tcst ou t of shcct
bress of suitable t hickuess, thcn, as it is qu ito sufll­
cient ta make the weight of th e ethers as ncm-ly as
possible simple multiples of th e fl rst, ta eut out a
number of pi èces of brasa of' t he saille si1.e ne th e flrst,
for the second wciglrt solder two of them , for the
third three of them, togcthcr, and sn on. They are
then trimmed with th e file and uccuratcly wcighcd.

For use a curve is la id down giving the volume of
the stem for every division of t he seule, moasu rcd
from the lowest one, and anot hcr eurvc, giving the
volume of the body of th e instrument , upon th e
lcwest division of th e scale in the stem, for different
temperatures. when, therefore, in calculating the
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specifie gravity of a liquid, we require to flnd the
volumc of th e instrument immersed, from the one
CU l" 'C wc get the volume of the ste m, and from the
ot her that of th e body of t he instrument immersed.
The sum of th e two gives t he volume of the liquid
displaced. The wcight in eeceo of t he hydrometer,
toget her wit h plate and weight divided by t he volume
sa found givcs the speci fie gruvity of the liquid for
the temperature during observation, tbat of water at
4,0 C. being unity,

The instrument at present in use bas t he following
clements :-

'"eigbt of hydrcmeter iH Ne." . 160'2128 gra w me&.

Wtlight. of table 0 '8360
""'cigbt of weight I. 0 '8560
"

" "
11. 1-6010

"
" Ill. 2'4225

"
" "

I V, 3'214 5
"

" "
V, 4'0 710

"
" " "1. 4, 824.5 ..

'l' he dinmet cr of the stem is as nearly 3.s possible 3
millimetres, th e volume of 100 millimetres (the
lcngth of t he scnle), being 0'80 cc. Rad the volume
of th e stem bccn determincd by welghing the instru­
meut in wntcr at ,t· C. instead of 16° C., the volume
would I laYC been found to be 0 '8607 cc" instead of
0'86 cc, 'l' he difference between the t wo is wholly
inappreciable.

'l' he volume of the body of the instrument at 0° is
100'3 cc" and at 22°'2 1(30'4'J th e coefficient of expan­
..ion having been found by immersion in distilled
water of different t emperatures to be 0 '000027.
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'l'h e bulk and weight of the body, tukcn aloug wlth
the slimness of the ste m, make grcnt care in ha lll1 lillg
it necessary, and , in ordc r to gct good rcs ults, the
instrument must he kept perfcctly clcau, l,cio;; alwsys
wiped dry with a clean cloth arte l' U Sf' . Itepeated
experimenta with the snme Iiquid give resu lte ulwnys
agrceing within one scnle division. I n tnking specifie
g ravities at sea the operation is performcd on a
swinging table ; th e mot ion of the ship gives the
hydrometer just so mueh oscill at ion as to overcome
nll effect of st ick ing, und ta mukc the reading as
muc h more satisfa ctcry th un on shore as that of a
balance is, whcn it is ullowcd to oscil lute, in prefer­
cnce to bcing hro ught to l'est wit h t he ton gue on the
zero, As it is '·er~' difflcult t o place th e cyl indcr
pcrfectly verficnlly OH th e swingi llg' tuhl c, th e hydre­
metcr generally hus U ccrtui u list tu Olle sidc 0 1'

aoother, which nh..o fuvonrs its frccdom or motion,
The space on the port sidc of th e mnin.dcck

between the churt -room und the luhorutory is occu­
pied by such of our h"ear as would 1I0t pack into
the work -rooms, ineludi ng the uppnrntus deviscd
hy )'Ir. Siemens, F .JL H, for tclcgrup hing t he tcm­
perature from ull dl ~l'ths ; nud his photometrie
apparat us for dctcrmiuing, 1Iy th e Cxposul'e of sen­
sitive paper fol' a ccrt uiu lcng th of t imo, th e dcpth
to which t he che micnl ruys of tho sun pcnctrntc
into the wat cr of tho sou. Fi g-. l a representa a
hy dra ulie pump for rcprod ucin g t he pressure to
which thermomctcrs and otbcr instruments nre
subjeoted at great dcpths, and th us uflortling us a
menus of determining thuir errer undcr certain
measured pressu res before aending t hem clown,
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The pump A is of the ordinary constr uction, only
with a very narrow eyliuder , the diameter of the
cylinder and piston being :l- in ch. 'I'he water is
pumped into t he reservoir n, a cast-iron t ube of
3 inches internal and 9 inches external diameter,
closed aboye by t he plug c, which is held in it s place

F IG. 13.-'1'lIc Il ydraul ic 1'111111'.

bJTthe hait D . 'flle instruments to he t ested are
placcd in B ; the plug c is inserted and made fast. 0

by the boit, and water is pumped in until the desired
pressure lias beon obtnincd. 'l'his is indieatcd by
water issuing from t he safcty-vnlvo E, whi ch is of
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the ord inary construction. 'l' he machine. wh ich was
made by Messrs. Milne of Edinburgh , works up to
a pressure of ,1, tons on the square inch.

On the port side opposit e the laboratory two cabius
have been fitted up as a light-room and a durk-room
for photographie work, and a corporal of Royal En·
gineers, C. Newbcld, a \'"('r~' skilful ph otographer, hall
been established therc, The management of a photo­
graphie studio du riug a long sea-cruise is a matter of
great difficulty. AU the circumstuuees-c- tho motion,
th e dampuess of the air, and its vitiation hy vapouTs
of var tous kinds, and the ext rcmcs of cli mute whieh
affect the different rcagcnts an d materials, all tell
against the photograph er ; yet, in spite of these dis­
adrautages, 1\ewbold hus nlready producerl a large
nu mher of very snt isfuotc ry picturcs.

lIundreds of miles of lin o, of strcngt h and mat eriel
suited to different pm'poses, arc rcoled and coiled in
every availahle spot on the forcpart of the main-deek
and elsewhere. "~hcn wc left England wc were pro­
vided with 25,000 fathoms of bolt-ropc for the
dredge, 10,000 fath oms ô-inch rope, 10,000 fatho ms
2-!-ineb, and 5,000 2-inch, and th e supply hus since
been renewed. 'l'he methode of sounding and dredg­
Ing, and the applianccs uscrl, are very much the same
as those which wc employed in th e ' I' crcupinc,' and
which l have descrlbed Cully in a for mer volume.'
For dcep scunding we new ,"cry gencrally use a

1 The Depth a of the Sea. An Account of the general ll.6Bults of
the Dred~tng Druise of TI.M.SS. • Porcupino 1 nnd ' J.ightn ing' during
the aummera of l8G8, 18GO, and 1870, under the scicntific direction
of Ur. Carpenter, F.R S., J . Gwyn J effreys, F.RS., and Dr. WyviU'
Thomson, F.R S. London : l1aemillRn and Co., 1873.
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neat modification of the 'hydl'a ' 'machine, devised
by Navigating-Lieut. C. W . Baillie. .rrhe 'Baillie'
sounding instrument is represented in perspective in

A

"

1·' 10. H .-The Ball lie Soundlng-Mnchiue.

the position in whioh it is let go in Fig. 14 A, and in
section in th e saine position at n, Th e t ube a. is
about 5 ft . 6 in . in length by 2i- in ches in diameter.
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The bore is 2 Inches, 50 that t he wall is ! .iodl t hlck.
The principal part of the t ube is of iron. It is hcrcd
near its upper end wit h fi uumber of heles to k t out
the water : it uuscrews iutc twc at e, and at it s lower
end f, there is a paît' of but terfly-va lvcs work ing
inwards. A strong bmss cylindcr b, with a diameter
equ al to that of the tube, is ûrmly att ached to the
upper end; fi hecvy pi èce of irou C, works in th e bmss
cyli nder like il piston to th e extent of t he length of
t he slots d, in t he sidcs of the cyl indcr, in which it
is retained by a strong sflua rc hol t. The piston-iron
is ûattcned, and it is providcd at c wit h fi projccting
sho ulder , which , W! U:H the piston is d ruwn out-the
bolt bcing ft tthe to p of t he slot as in the flgurc -c- is
well nbove the top of th e cylindc r ; hut whcn the
piston is down and thr - holt nt t he bottom of the
slot , the shouldcr is j ust withlu t he upper part of
the cylindcr. 'J'ile \\":111 of th e UPPCl' part uf the
cylindcr is bcvclled a wny ta a long- rou udcd slopc.
" -ben to he uscd the inst ru ment is hun g by the ring
to the soun ding-line, and a sufllcicut nu mlx-r of
welgnts are suspcndcd on an iron-win- sllng, ns in
the' hydra ' machine, t he tulle pussing through the
middle of them, and t111: sling houkln g upalt the
shc ulder of the pistun-Iron. " -hcn th e t ube nud the
wcights touch t he bott um the hmss cylindcr is
pushed upwnnls the lcn~t h of' thu slots, and the sliug
is slipped off t he shu ulder or the pist on-i ron hy the
up per rim of t he cylinder, unrl nllowcd to elide tlown
over ils bcvellcd upper end . 'l'h is is fi very simpic
pl an, and the doiug away will! th e steel spri nt; of
th e 1 hydra ' Is an udvautugc. Th o Iargcr tube nlso
brings up a better and fuller sample of the bol t OJl1.
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For less depths, where it is possible to recover the
weights, a modification of the old cup-Iead "
has been found very serviceable (F ig. 15).
A 140 lb . or ether deep-sea lead is cast
round an iron rod which terminates above
in an eye and below in an iron disk the
diameter of the lead with a short wide­
t hreaded screw. On this is scre wed a stout
hollow cylinder of iron up to 13 inehes or
so in length, ending in a pair of bu tterfly­
valves opening inwards. ' Valve-leads ' on
this plan are made of different sizes. 'l'he
larger, which work easily down to 1,000
fathoms with the No. 1 sounding-line, bring
up a most satisfactory sample of the bottom,
"'IVe still use' Ball's dr edge,' and only sorne
slight modifications nave been the result of
fur ther experience.· F ig. 16 represents t he
form of dredge whi ch we find most suitable
for work at all but the very grea test depths,
when one of a smaller size is used. 'l'he
dredge-frame of hammered iron is ".L ft . 6 in.
long, and 1 ft. 3 in . -broad. 'l'he scrapers.
are 3 inches wid e, and are connected at
th e ends by bars of l i in .-round iron. The
arms are of inch-round il'on and sligh tly
?urved; ' they are bolted together to a. stout
Iron bar whi ch ends abov e in a swivel and
ring. '1'\\'0 bars of square iron of sorne ,
strength are attachcd by eyes to t he round

. b l F, o. 15. -Thecross- ars at t he ends of the dr edce-frame ' \' ah·0 'Sou n.1.o ' ing.1ent! (in
and have the ether ends la hed to the iron seetton.)

bar whieh beurs the hemp en tancles. 'J~hcso rorlso
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keep the dredge-bag at its full length, and prevent it

Fm . W.- Tltc Drerlge.

or th e tangles L'rom Iolding over t he mouth of' the
dredge. 'l'he dredge-bag is 4 ft. 6 in . in lcngth ; the
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Iower half is of twiue netting, so close as to reta in
everything except th e flnest mud, which indced only
parfial ly washos th rough, and the up per hal f is of
twiue netting with the meshes an inch to th e side.
The bag is guardcd br t hrec loops of bclt-rope
uttached to t he frame of t he rl redge, to th e bottom of
the bng, and finnlly to th e tunglc-bnr. The canvas
pads represcnted in th e figu re on t he drcdge-frame
arc ouly to pr otee! t he scixiugs of t he loops. 'l' he
dredge is suspended from an inch-iron cha in, wlrich
forms th e flrst few fathoms of th e dredging-Iine.
'l'he chai n is not , however, di rectly fastencd ta t he
ring nt th o end of the an us , hut is made fust ta
one of t he end-bars of t he dredge-framc, an d is
stcppcd to th e ring hy a single strand of bclt-rope,
H the dred ge ~ct eauzht on a rock, fi rare occur­
rence fort uuntcly in dcep wutcr, t he stop carrîcs
llway, th e directi on of t he stmiu ou th e dredge is
ultercd, and it probah ly rclicves itself und cornes up
end upwards. In dee!, water a 213 lb, decp-sca lcad
is usunlly Inlllg l'l'am the centre of th e tangle.bm­
with four t anglc s on euch sldc.

lt is al togethcr n new expcrimcn t to dredgc <l1H1

to take dcep-sca observat ions l'rom sc large a ship,
and it seems to present some special dilllcul fies, or
at ail events to requirc gl'cat management, 'l'he
weight of t he ship is sc grea t th at t hore cau he
no 1 give nnd tnke ' bctw een ber and the dredge,
such as wc haye in smallcr vcssels. If thore he any
way on, thc impulse ta t hc dredge is irresietib lc ;
and it seems to tend ta jerk it off th e gro und.
'l'he roll of the ship, her height ubove th e wuter,
her want of ficxibility of movement compnred with

E 2
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the vessels whi ch hud been previously eruployed f OL'

the pUi'pose, raised new quest ions as to the method
of work ing.

Dredging and sounding arc carried on in the
• Challenger' from the main yard-arm. A st rong
pendant is attached hy a hook t o t he cap of the
main-mast, and by a tackle to the yurd-arm (F ig. l ï) .
A compound arrangement of fif'ty-five to seventy of
Hodge's patent nccuuiulntors is hung to the pendan t,
and beneath it a black, through wh ich the dredge­
l'ope passes.

'I 'he donkey-engincs fol' hoist .i rur t he drcdcine ande ~ 0 o
sounding gear arc pluccd at t he foot of t he main-mast
on the port side. They cousist of a pa il' of direct­
acting, high-prcssure , hori zont ul cngines, eollec tivcly
of eighteen herse-power nominal. Instcad of a con­
necting rad ta each, a guide is fixed ta t he end of
the piston-red with a lH': l SS bl ock wc rk ing up and
down the slot of t he guide. 'l'he crunk-ax lcs l'un
t hrough t he centre of the hloclcs, and the movcublc
block, obtaining Il ha ekward und 1'01' \\':11'(1 motion from
the piston-red, nets on the crank as a con ucct ing-rod
would do. Th is stylo of cngiuc is conunonly uscd
for pumping, the PUnl!HOÙS bcing uttuchcd to the
guide on the oppo site sidc Iron t the piston-red. At
one end of t he crunk a smul l t oothcd whccl Is
fixed , which dr ives one thricc the multiple on a
hori zontal shaft , cxtending ncatly ncross t he deck
and about three Ieet six inohcs above it . At ench
end of this shaft a largc and small drum arc fixed,
the larger havin g tl u-cc shcavce cast upon it of
different aises, the leseer bein g a conunon barre l
only. It is to these drums the lin o is lod, twc
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FIG. 17.-Tho Ore.ll;illl; and Soundlng Arrnngements on board the' Ohnllenger.'
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Ill' three turns bei ng taken round the drums selectcd.
I n haul ing in , the drcdgc-rope Is t aken to a gin­
bloek secured ta a sp:m on the forccnstlc, then nll
ta t he drum of the donkey-cngines on t he port
side, then ta a lead ing block on the por t side of
the quarter-dock and ncross t he dcck t c a block on
the starboa rd side, thon ta the drum of t he donkey­
cngines on the sturboard side corrcsponding in
d iamet er with the drum used on the port side, and
from this it is flnnlly taken and coilcd. '1'l1C strai n
'i s of course greu tcst at t he yard-atm and the first
lea dlng-hlock, an d 1J~' t his arrangement it is gra·
rlu ully rliminishcd as t he wirc passes ro und the
senes.

One sli!;ht chu nge hus hccn made in t he huud­
li ng uf t he cl red.~e wh ich lias certain udvuutagcs.
I nstead of uttachin g t he wcights dircctly ta the
drcd gc-ropc and srmding thcm tlown wit h t he drcdgc,
as was our formel' p racticc, a 'tog!;lc,' a small
spindle-shapcd picco of' hard wood, is uttached t rans­
versely to the r(JIH ~ at t he rcquirod distan ce, 200 to
aoo fathorns, in ndvuncc of' tl ..~ drcdgc. A' messe»­
gel',' consisting of a figure of cight of l'ope wit h two
large t himb les in t he 100ps, hus one of the t himblcs
slippcrl over t he chuin bcforc t he dl'edge is hung, und
the ot her thimble made fast to a Iizurd. 'l'hen t he
dredge is well clown and lia s t uken its direction l'rom
t he drift of the ship , the weights, usuul ly six twcnty ­
eight pound deep-sea leads, in tlrrcc cnnvus covers,
a re attached to the other thlmble of the ' travcllc r,'
which is t hen eut ad ti ft l'rom the lizard an d ullowcd
to spin down the Ilue un til it is brough t up by
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the toggle. B)' this plan the dredge takes ft soree­
what longer t ime to go down ; but sinee we adopted
it we have not had a sing le case of the fouling
of th e drcdge in t he dredge-rope, a misadventure
which occurred more than once before, and which we
were inclincd ta at trihute to th e weights get ti ug
a-head of the drcdge in going down, and pull ing
it down llpon thorn cn tnngled in the double part
of the li ne.

F ol' th e flrst h m or threc hnuls in dcep water
off the coast of P or tu gal the dredge ca me up
filled with the usunl ' Atlanti c ooze,' very tenaeio us
and uni form t hroughout, and t he wcrk of hours in
sifting gave t he smnllest possible rcsult.

" ..e werc extremcly anxious to gd sorne idea of
the general oharactcr of t he Inuua, and particularly
of the distribution of t he higher groups ; and, ufter
vnrious suggestions for m odifyiug the dredge, It wus
proposed t a t ry th e ordinnry tra \\"1. ·W-e h nd a com­
pact well-bulanccd trawl with a fiftcen-fcct bearn on
board , and wc sent it down DU' Cape St. Vincent
to u depth of 000 futhoms. The experiment Iooked
haenrdous, but to our great satis fact ion the t rawl
carne up all righ t, and coutained, 310ng with many
of t he Iargcr inverteb ra tu, scvcral fl shcs. The plan
sccmcd to unswer 50 wcll th at wc tried it again
a little farther south in 1,000 fathoms, and again it
was perfectly successful. Sinee t hat time we haye
used the trawl frequently, and pnrtieularly in very
deep wat er where thore is e, eer tainty of finding a
smooth bottom free from rocks, and where the large
arca covered by the trawl greatly inerenses the
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chance of bringing up sorn e record of t he seanty

FIG. 18.- 'l'he Deep-sen Tmwl.

and sparse ly-scattered Iauna. 'l'h e deepest haul taken
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with th e trawl was ail th e voyage from IIalifax to
Bermudas at a dcpth of 2,6ÜO fath oms.

F ig. 18 representa the deep-sea t rawl at present in
use. A conical bag 30 feet in length is suspended by
one side to a bcam of hart! wood by half-a- dozen
stops; the ether side of the mouth of th e net hangs
loose, and is weighted with close-set ro11s of thick
sheet-Iead to drag along the bottom. Two iron
runnera like t he runners of a slcdge are flxed one
at eit her end of the beam, and th e rnnners are 50

weighted th emselves, and so weight the bearn, that
they tend, if fuirIy lau nched, to keep beneath with the
bearn nbove them. A second bag or "pocket ' open
at the bottom hangs in the outer net reacbing about
three-fourths of its lcngth, an d acta as a valve, pre­
venting th e wnshing out of its contents, and about a
yard of th e narrow ext rcmity of the net is lined with
"bread-bcg ' to gtve a chan ce of bringing up small
things and a smal l sample of the bottom. The trawl
is suspended by a In-idlc of l'ope, which is made fast
to the runner at each end of th e benm and then con­
tinued down on cach aide and fastened to the end of
the t rawl-hag. The tmwl is usually sent down with
the ndditionnl wcight of tl u'ce fourt cen-pound hand­
leeds, and as in t he cuse of th e drcdge, weights to
ahout a hundredweight und a hal f are slipped to a
• toggle • ·..00 to 500 fathoms before it on the Iine.

'l'he tow-net hns heen eonstantly worked during
the cruise, and .AI r. :\Iurray, who haa taken charge
of this department, hus latterly got most remarkable
results from ueing the tow-net just as we use a
dredge, pulled along by the drift of the ship with a
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weigb t a few fatboms in advauce, at different dept hs
down to 100 fathoms. ){r. ::\Iurray finds thnt Ire­
quently, when scarccly anything is to he found on
the surface, aU the pelagie nuimals which congre­
gate there un der fuvourable circumstnnces arc to he
met with at different dcpths below, and on more tban
one occasion he hns tnken animal forms with th e
deep tow-net which he bas never seen on the surface.
The tow-net used is of the ordinary form : a stout
iron ring a foot 0 1' eightccn inches in diameter and ft

conical bag threc to four fcet deep of musl!n, of
buntine, or somctimcs of "bread-bug.'

The' Challenger ' is providcd with a stea m-pinnace,
which is an invuluuhlc adj unct for drcdgillg' and
sounding in shallow watcr and in fi smooth sen. She
is a Iife-boat 3G reet in lcngth with two pairs of
engines, one pail' fol' propcll lng hcr and anothcr for
heaving in the tlrcdgc-Hnc. The propclling cngines
are a pair of high-prossure direct-acting vert ical
engines of six herse-power (nominal), with a hori­
zontal tubular boiler and a disconncctin c shan and
screw. At full spccd th e cngincs travcl at about
240 revolut ions a minute i and, on th e trial for specd
over the measured mile the boat cvcroged 8 knots
an hour. The drcdg ing cng tncs arc fittcd to the top
of the boiler ; they arc a direct-acting horizontal pair,
the cylinders at the after end of the boiler an d the
crank-shaft forward. The shaft cxtends beyond the
boiler on both aides, and at cach end a drum is
fixed. The drums are ccnetructed with two sheaves,
and it is to the greater or th e lcsscr of theso that
th . dredging line Is led.
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lt is impossible in the limited space at present at
my disposal to do more thun sketch the more pro·
minent of our equipments and methods; but even
new, after nearly a ~'cal" s experience, I fecl justi fied
in cxprcsslng my opinion t hat the arrangements for
scieutific wcrk on bonrd leave l'cry little t a be
dcsircd.

'l'he ' Challenger' was rcady for eca early in De­
ceuibcr 1872, and beforc she left Sheerness sorne of
the Lords of the Admiralty and t he commit tec of
the Royal Society visit ed th e ship.

A. party of sixt Y sut dowu in th e hnndsome ward­
room whcrc we uow have our general mess, and good
wishcs and hopeful ant icipat ions werc warmly ex­
chnnged. " .o shnl l not saon forget the hearty British
chcer orcncourngcrucnt which rang out from a chorus
of the volces which most influence th e dest inies of
thuir count ry and t hci r timo, as our Illus trio ns gueets
h:ltlc farewell t a th e • Challenger' [rom t he deck of
the steamer which wns ta tnke th em ta t he shore.

'l'hus, with eH' l') ' possible ndvantnge, and in t he
highcst hope of bcing able to fuHil her difficult
mission, U IC • Chal lenger cast off from. the jctty at
Portsmout h nt 11.30 a .n., on Saturday, the 21st
Dcœmher 1872. Lcovin g Englaud with the drum
up in th e middle of an uuusu ully try iug winter, it
wns not to he expcctcd that wc should escape withont
roughing it a little. This wc cer tainly did for a. week
or 80 in t he mouth of the Channel and t he Bay of
Biscay. and with t his good result, that wc ou-selves
and nll our manifold upparut us and mneh incry
cxpcricnecù at t he begi nning about as rough usage
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as we are likely to meet with during the voyage.
This at once brough t all our weak points to light,
and it is well that we got into qui et water again
with increased confidence in the stahility of our
arrangements.

n .M H. 1 C1fA l .r.F.X'OIW .
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Official Corrt8p01tdtnte wüh reftl'tflu to the ' ChaUt'llfItI" E:rpedi­
tion. Exlrac/.td from tlu Jfi nutu of Oouncil of tlu Royal
Suciety.

J nlle 29th, 1871.

Head the fcllowiug Le t ter from Dr. Carpenter :-

.. U~'ln: Il.lSIT\· ur Lœœe.... n l1ll, l ll OTQll O ,U DJl:lll. w,
")lnU U, 1871.

" l.l.Io:Alt PROF. STOKEs,- T he information we have lately re­
ceived as te the ect lvity wit h which et her na tions are now
enterlng upen th e Physica l and Biological Exploration or the Deep
See, makes it ap pear te my colleagues and myself that the
time is new come for bringiug bcfore our OW11 Govemment the
importance of iui t ietin g a more complete and eyete metic
course of researcb t hall we 110." 0 Jet 1IaJ. t he meaus of prosecuti ng.

.. The accouipany ing slip from lest week'e ' Nature ' will
llIake known 10 the Council what is going on elsewhere, and the
feeling entertalued on th e subjecte al ike in th e scient ifîc world
nud (as 1 have good rcnsou to bclicve) hy the publi c generelly.

" For edcquntely carryiug out uuy exte ns ive plan of reseercb,
it would he rcqnieitc thnt fll'ccial11TOvisiotl should he made ; and
as the F..stimatcs fur next )'car will lmve t o he Iramed before
tllc end of the pre sent year, no t imc ought new 10 lost , if the
malter is ta he tak on up at nll.

.. In order th at th e varions departments of Science ta wblcb
theec resenrcl1cs are rclated sho uld he ndequntely reprcsented ,­
llO that any Application made ta Govemment ahould he on the
brondest buais posetble.c-I should snggcst that the Oounc il of
the Hoyal Society, AS th e prom cters of ail tha t lms been elrcedy
donc in the matter, should take t he initi ati ve; and should ap­
point a Comtnittee 10 consider a Sch ème, in conj unct ion 'vith the
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P resident. of t.he Brit ish Associat ion, and t.he President s uf the
Chemtcel, Geographical, Geologicel, Linueau, and looIO',.:iC<l1
Societ ies. Such a Committec mlght rueet bcforc th e Itecœs,
and decide upon sorne general pla u ; and this would ho then
considered as t.o its details ùy the )'IclUùers reprcscnt ing different
depertmente of Sclent iâc Enqulry. 80 that th ey might he nble to
report 10 the Council, and cuable it to lay that Schème (if
epproved) befcre the Governmeut br the cud of November.

.. Believe me, dear I 'ro f Stokes•
.. Yours fairhfully,

" \\' I LLI.O I H. C .H N :X Tt: I:."
.. Prof _ .';to{u."

Hesolved.-That. the subject of 1II'. Carpent et's Letter Letakeu
into considera tion at an carly :\Ieding- (J I' t he Counci l afler
the Recese.

/ ) rl n/J< r i!.1;/I" I S'I .

lu reference tc l ite subjee t of DI'. Curpentcr's Let tcr of the
15th J une, reed at the lust )'Il'd ing ,,1' Council. the Sl..'CI~t:lI'Y

steted th at he had received il eubscq uent Letter from hhn.
dated Mal ta, 29th ~IJt. . wbieh wns IlIJ W n-ad. In tl Jili Leuer
HI'. Carpen ter urges th e cxpedlency (If lIIak ill~ arrangements l'III'

the proposed circumu nvigat iug Expedition withont 11cl<I.". allli
commun icatea a cOl"n: ;; I' (lIII II~lJ cc willl the FirsL ],"111 IJf the
Aduiiralty, l'ro m which it appeal's IIlat Il .:\1. (; (JVI'I"IIIJlt'I IL will
lm prepared to gl vc tll(': rcqu lstte ujr] in lurthernnec of such ail
Exped ition on rcccipt (If a lenunl Al'plil:ll t i oll fro m tl le HUJ al
Society j and in C(Ill ti("1 u ClIce o f this i ufflTlll at i lJll , Dr. t:al'l ll, 'utcr
IJOW euggeste a lIl o, \i fÏl:at i' !11 in thu C" IIII"lSiti"lI o f tl w Com­
mittee ta which, in his fUI1 11 cr LeUI-r. he luul l'l"'O,,,,,sl..'l l t1mt the
maUer ehould Le refcrred.

Ue80lved.-That n Counuiuee be eppolutcd to cons idcr the
plan of operations it wculd Ie ad visable to fo11ow in the
proposed Expediti on, the slulr of ecientific ...upcrintcndeuts
and aeeiataut a 10 Le employcf, ruu] 1I10 ditfcrcnt JlI"O\'ÎSiOUll

und erra ugcruenta tu le IUaUc, wirh ail ~ti lll tllc fil' t hl'

probable expen ee, and to eubmî t to th e Oouucil for :q 'l'llIval
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a scheme which migh t he la id before l LM. Govem ment , i f
the Council see fit, at as early a per iod as may he couve­
nient. The Oouiuû ttee ta consist of the President and
Officers of the Hoyal Society, Dr. Carpenter, D r. Frankland,
1Jl". Hookcr, P rofesser H uxley, the H ydrographer of the
Admiralty, )Ol r. GW)' 11 J elïreys, )'Ir. Si emens, Sir William
Thomson, Dr. w yville Thomson, and Ur. Willi amson, with
po wer to add to th eir numbcr,

S orl /llbi r 30tlt, 1811.

The rollowing Report of th e Ccmmi ttec OD th e propœed
voyage of circu uiuavigation was read r-c-

.. Rf.1l()/'l {I/ail: COlll miitcc a)l/lOilllcd flf t ke ~l[cclill!J 0/ the COlulcil

beld Octobcr 26flt, fa consider 1111': SÛUIIl(' 0/ (1 Scientific air­
l'U 1II1lavi!JatiOJI J::.q/f~tl iti011.

.. The Counnit tee, heving before them the correspondence
which has alrendy taken place bctweeu the First Lord of the
Adruit'Rlty and Dr. Cerpeuter, are of opinion that it is advisable
tbat the Council shonld make inunedinte Application to Her
)'Iajesty's Govemmeut for the menus of cerryiug out the objecte
thereiu referrcd 10 ; but tlmt it would not be expedient tliat
such Applic:llioll shonld include more thau n !lCl/cmJ spen"jita ­
lillJl of those objects.c-which Illa)' Le etated as Iollowss->

" 1. To investigntc the P/I!Jff i('al COII.ditWI18 of the Dup Se«, in
the gn.>at Occuu -basius.c-the Nort h and South Allant-ic, t he
Xorth und South Iucific, and the Sontbcm OCCRU (as fa r as the
noighbotuhood of the greut icc-burrier) j in regard to Depth,
Temperature, Circulat ion, Specifie Gravit)', and Peuctretiou of
Light j the observat ions and experimente upon aU th èse poin ts
IJCing made at vnriens ra nges of dcpth from t he surface to the
100ttIJIII.

" 2. 1'0 determine the Clu 1ltical Ccmlpositùm of SM ll'"altr, Ilot
nrerely nt the surface and bottoiu, but at varions intcrmedi nte
dcpths , auch determinations to include the Saline Coustituen ta,
the Ga.<;cs, and tho Orgauic Matter ill l:lOilUW'Il, and th e nature of
l'In)' particles (oU II \1 iU l/lujJtlUliol/.
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"3. Ta ascertaiu th e Pltysical aud (,'lumicul cha racters of t }IO

Depœiu everywhere in progrese on th e Sea- bottom ; and to
trace, 80 far as lllay be possible, the sou rces of tho se deposits .

" 4. Ta examine th e Dist ribution of Org!m ic Lif e throughout
the areas traversed, especially in the dcep Oceau-bottoms and at
differ ent depthe ; with l'special reference to th e I' hys lcal and
Chemicel conditions already referred to, and to t he conneetion
of the presen t wit h the pest conditi on uf the Globe.

"T t is suggested that the E xpediti on shou ld lenve this country
in the lat ter hal f of the year 1872 j and as its pcrfect organiza­
t ion will requîre ruuch time and labour, it is desirab le that
euitable preparations ehould be eemmeuced Iorthw it h.

,. For effectively carrying out the objecta just spcciâed, therc
will he required r-c-

" 1. A Ship of sufficicnt sizc to furuish ample accommodation
and etorage- room for sea-voyagc.~ of considerab le lcugth ami for
a prob able abse nce of four years.

" 2. A Staff of Scientific Mon, qualificd to take charge of the
several bran ches of investigation uhove cnuuierutcd.

"3. An ample supply of ail tbat wil l he rcquircd for the Col­
lect ion of the abjects of reseurch : for the prosccut ion of I' hyslcel
and Chemical in vest igat ions ; and fur the st udy and prcservntiou
of the var ioua furms of Organic Life which will he obtai ncd.

" The Comm ittce would propose tlm t in mek iug this Applicu­
tion to theA dmiralty, the J'resident and Council shonld otfer their
services in suggesti ng the Ituutu which Illay apl'eal' to he urost
desirable for the Expedi ti on to pursue ; a ud nlso in fram ing
] ustruct ions for the Offlcers chnrW<l with t.I JC severa] branches
of Scientific Itesearch: with a view to fucili tate t he preparat ion
by theil' Lordshi ps of theil' general 1nstru et iona for the couduct
of the Voyage ta the Naval Ofliceri! commanding.

" W it h this objeet they would propose tha t a (lonnuittee
ahould be appointcd Ly th e Council, which shoukl includc
parsons thoroughly versed in the varions breuches of Science tc
he repreeented in the E xpcdit iou, who ehould give their edvice
and assistance prcvious to an d dm'in/; the prog l'Cli .''1 of the
Expedi tion.
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(f The President and Council should elso express the ir readi ­
ness ta select and reeommend tc their Lordsbtps persona quali fied
to he ent rusted with thc various branches of Scientific investi ­
gation 10 be represented, uaming th e Salaries which may appear
to them ccmmensurete with the duties to be Iulfilled,

..The President and Conuci l sbculd also, in the opinio n of
this Commiu ee, recommeud th at , in accordance with former
precedente in regard ta Expedit ions of a similar cberacter under ­
taken by this and other Goveraments , a full and complete
publication of the res ulta of th e Voyage with adequate illu s­
nat ions should form a part of the general plan ; and that the
work should be brought out as 80011 artel' the return of the
Expedition as muy be conveuient.

" Il May be well 10 point out ta th e Admirnlty, thal. the
opemtious of the Expedition new proposed sbculd not dispense
with such resenrchee of a less laborious character as their Lord­
~h ip~ might he disposed to make from time tc t ime from either
the home or the foreign stations of the Brit ish Nevy."

Rcsolved,- That t itis lteport lx> received , and he taken intc
considera tion at the next Meeti ng of Couucil.

n ,'reml...r ' Ih, I fl ' l.

The Report of the Oonuuittee 011 th e subject of il. Scient ific
Circumnavigation Voyage, rcceive d at th e lest Meeting, having
been takeu into consideratio n, it. wns

Ucsoh-cll.-11lat. appl ication he made to 11er lIIlljesly 's
û overmnent, ns rccommended by the Oomminee, and that
the foUowillg' Drnft of n Let ter to be ncldrcssed ùy the
~ecrel.nry ta the Secrctnry of the Admimlty he approveds-.

.. Til Ou: ,<;rr,d4Ty of llu Admim1t, .

"TIIR ROU_L Soc1ETY, B UR Ll l'IOro!l HOl'~ I':,

.. .Dcre/llb-:r811,_ 1871.

"Sm,- I am directed by the President nnd Oouncil of the
Ro}'o.l Society to reqnest that j-ou will represent to the Lords
Commissioners of th e Admiral ty tha t the experience cf the

•
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recent scientific investigations of the deep ses, carried on in
European waters by th e Admirait}" at the instance of the Royal
Society (Reports of which will Le roumi in tlwir • I'roceedlngs '
herewith enclosed), bas led them to the convict ion thnt advau­
tegee of great importance 10 Science and to Xavigation would
accrue from th e ext ension of such iuvestignt ions to the great
océanie regions of the Globe. The President and Council
therefcre venture to subudt to their Lordships' favourable
consideration a proposai for fi t ting ont ail Expedit ion C01l\­

mensura te to the objecta in view; wluch objects arc brieüy
as follows r-c-

" (1) The physical couditious of the dccp sen thrcngbout all
th e great Ocean-basins.

.. (2) The chemical cons t itut ion of th e wutor at various
depths from th e s ur face ta tlw I,ott'JUI.

" (3) The pby sical nml chemlcal ehnrnctc r-, of the dcpo sits,
"(4) The dietributiou of fJl'~alli, ' life througbout the areas

explored .
" For effectively carrylng "lit thcsc rc searchcs therc would, in

the opinion of the P resident and Council , be rC1lui rcd-
" (1) A ship of sufücicnt sÏ;r.c to a/ford accommoda tion and

storage-room for sen-voyages of consid crnblc hmgth and fol'
probable absence of four ycnrs.

" (2) A staff of scienuûc rneu qunlilic-I to tnkc c1JaJ"<Je of the
several branches of iuvcstigatiou.

"(3) A SUPI/Iy ur C"tl'yt llill;'; necessnry fol' th e collection of
the objecta of rescercb, fur the proscc ution of the physical and
cliemical in vestig ations, and Ier the study und preservation of
the specimens of oJ'<,joIlli(; life.

.. The President und Oouncil hope that, in the event of their
recomm endation bcing adopted, it may Le possible for the
Expedit ion ta leeve England sorne t ime in the )'car 1872 ; and
they would suggest that as its orgauizatio n will requi re much
t ime and labour, no ti me ebould he loat in the commencement
of preparat ions.

" The President and Oouncil desire ta tnke thia opportunity
of expreeaing tbeir reedineee ta render every aeeietencc ill üroir
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power ta such an under tak ing ; to ed vise upon (1) the route
whicb rnight he fcl lowed by th e Ex pedi t ion, (2) the scientific
equipment , (3) th e composit ion of th e scientifi c staff, (4) th e
instructions for that sta ff; as weil as upon any matter eon­
nected with th e Expedit ion upon wh ich their Lordships migb t
desire thcir opin ion.

" The President and Counci l have nbstaiued from auy allu­
sion ta geogreph icnl discovery or bydrogra plrical investigations,
for which th e propc scd Expedition will doubt lese afford abuu­
dant opportuuiey becnuee their Lordslu ps will doub tleea he
better judges of what ma)' be couvenle utl y uud ertaken in thesc
respects, withont dcparti ug materiully from the pr imary objecte
of the voynge : and the)' woulcl only add their hope that, in
eccordnnce with th e precedents followed br this fI1Id ether
countries undcr some whnt ... imilar circ umsta ncee, a full accouut
uf the voyage aml its scieutific result a may he publi sbed under
the auspices of the Oovemment as soon after its ret uru as COII­

vcnient , t he lU'Cessar)' expense being defrayed by a gra nt from
the Treee ury .

.. The P residen t nud Council desir e, in conclusion, ta express
tbe ir willinguess to ass ist i ll th e preparation for auch pub.
lication of tl lC scienti fie res ulte.

.. 1 l't'main," &c.,

UC80Ivc\I,- Th at the appointmeu t of th e Committee proposed
in th e Report he deferred nnt il an answer bas beeu received
Irom the Uoverument,

ft{(Irr1o 2 1 ~1 . I ~; t.

nelUl the fcllowiug communicat ion from th e Admiralty :-

" All lll I IIALT \', 2nd MarrA, 1872.

" SIII,- I n reply to )'OUr Letter of th e 8th of Dece mber , 1871,
couvcying a repreeentat iou from th e Presiden t and Oounci l of
the Itcynl Society tltat edven teges of great importance to Science
and Navigation would result from equipping ti n Expedition for
the Examinll.tion of the P hysical Conditions of th e Deep See

F 2
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throughout aU the Great Oceanic Basins, and for other special
objecta thereio named,-

"2. 1 am commnnded by PI)" Lords Commissioners of the
AdmiraI tY ta acquaint )"OU, for the information of th e President
and Council, that they have had the subject undcr their con­
sideration, and haye decided to fit out one of Her Majesty 'a
shîps 10 Ieave Englaud on 0. Voyage of Circumnavigation
towards the close of th e present ycar, in prosecutiou of the
objecte speciâed in )'our lat ter.

"3. 1 am further desired to inform you thnt thcir Lordshipe
will be prepared 10 receive from tho President and Council of
the Royal Society any suggestions that they may desire ta make
on the Scientific Equ ipment of th e Vesscl, the Composition of
the Civilian Scientific Staff, or aDY ether Scleuriâc matter con­
nected with the Expedi tion upon which that body may desire
10 offer their opinion.

" 1 am, Sir,
" Your obedicnt Servant,

« f nos. ' VOLLEY."

Resolved,-Tbat the Letter from the Ad mirnlty he referrcd
for consideration and for report to th e Council, to a Corn­
mit tee coneisting of the I'reeidcnt and Offlccrs, Dr. Car­
penter, Dr. Frankland, lJ r. Hooker, I'rofessor Huxley, the
Hydrogrepher of the Admiral ty, Mr. Gwyn J effreys, ) Ir.
Siemens, Sir Will iam Thomson, Dr. w yvill c Thomson, Dr.
Will iamson, and )OIr. AJrred Il Wallace, with power 10 edd
10 their num bcr,

J II,IU 2Oth, 1872.

In reference to the arrangements 10 he made for the Circum­
navigatory Expedition, for which }I. ~l.S. ' Challenger ' has new
been put in commission, the Committce prcsented the following
Report ta the Couucil, viz.:-

., The Committce suggcst th at the President and Council
ehould direct a Letter to he writtcn ta the Sccrctery of the
Admiralty ta the following effect :-'That it appea.rs desirable
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that the Bcientific gentl emen who are to accompany the
• Challenger' Expedition should be selected at an early date
and their salaries deeided on, in crder that they May he enabled
to make the necessary arrangements for an extended absence
from England.

". The President and Couneil of the Royal Society tberefore
recommend as a fit and proper person , to superintend and he
nt the head of the Civilian Scientific Staff of the Expedition,
Wyvllle Thomson, LL.D., F.RS., &c., Regiue Professer cf Natu rel
History in the University of Eùinburgb; and that, as Professer
Thomson will have tc give up his position, with its emoluments,
at Edinlmrgh for the li me he is absent, the President and
Oouncil are of opinion that a Icss sum tha n 1,0001. pel' auuum
canuot properly he offered to him.

". They propose tlmt the ether members of the Staff and their
Salaries should he as followeo-.

~Ir. Jolm J ames Wild , U3 Secretary tc the Director and Artist • .tK\l)
~Ir. J ohnYO\l n~ Buchanan, ~I.A .• Principal Lebcratory hist.-nt

in the lJnÎ\-ersil)' of Edinbl1 rgh, a3 Cbeme t and Phy5i.d st 200
) Ir. Heu!)· Nott iligc Moseley, B.A. (0 10n.), Radcl iffeTr:lvelling

Fellow of Oxford University, as Naturulist . . . • . • 200
Dr. William Stirling, D.Se. (Ediu.), ~I.B. , Pelccuee Fellow of

the Unieeraitj- of EJin1.lllrgll, llS :Yatur.J ist . 200
~Ir. J olm )turrny, 1lS No.tural ist • • • . _ . • . • • • 200

" The Ccnimitte o further report that P I'Df. Wy ville Thomson
infcrmml them that he had gene with Ad miraI Richards ta
ShCf>nlcss to examine the ' Challenger,' and that the arrange­
monts appcared ta he sat isfa.ctory in cvery respect."

Rcsolved,- Thnt the Report of the Circumnav igation Cern­
mittee he adopted, and that a communication he made to
the Admiralty in terms of their recomme ndation.

N ovtmhtT 14th, 1872.

The Oouncil proceeded ta ccneider the Repor t or the Ci.rcum­
navigat ion Committee.
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The following ia th e Let tcr from the Admiratty 10 whi ch the
Report refers :-

M AIJ)l III. .....T\', .t ll!llf'li 22''''. 1672-

.. SIR,-\Vith reference to III)' letter of the 6th instant, and to
previous correspocde nce ou the subject of the inteudcd deep­
sea exploratory Expedition, 1 am commauded hJ ~[)' Lords
Oommissioners of the Admiralty to ncqnnint you t hat H .:M.S.
' Challenger ' will probably he rendy tu Ieave this country ahout
the end of Xovemler ; ami their Lo rdshi ps will be gled to lea rn
what are the precise objecta of resenrch which the President aud
Council of the Royal Society han : in view, and in what l'ar­
ticular portions of the Ocean such in vestigat ions may, in their
opinion, he carr icd out with th e gl'ealc<;t ndvanta po to science
and the best probability of SIl(:(;l ~ ~S.

" 2. The objec t of thu ir Lordslrips is Ir, Irarue thcir ins tructions
10 the Officer in cormuand nf llm "Challe nger,' so far n... ma)'
he possible, tc meet the r ccoI IlI IHl lH\.l t În Il S of tlre I'reskleut and
Cou ncil of th e ltoyel Society.

" 1 mu, :-:il',
'. Your "lJ(.'tliell t Servant .

" Y t:Ilx n x Lt '!;l Il Xl;TOX."
" W. Slv.rpt!J, };"'I ., .11. /J.• A" .

" &el'tlary 0/ lA~ RIi'fICl I ,'j'''' id y. JII . r li..!fI.... Il... ,,,,.''

The Report Iw,vin:;: becu considered, was cdoptcd as full<iwl'; :-

Th e Circumnavigation Oommit tce have ha.l leforc th em tlu­
Letter (rom the AdmiraIt)" ln th e Jt oynl Society, dntct August
22, 1872 , and as the Council were Ilot ill Scs...ion and the matter
was pressing, the)" have th rmght it bo st ln h ('at the louer as
having been referred tc them by the Council. 'l'hcy bcg
leave 10 recomrnend t e) the Connc il tbut, ail Il Il SWCI' he rctur ncd
10 the Admiraity 10 the followi ng: effœt :-

The princip al object of the pro posed Expedit ion is understood
10 Le to invest igatc the phyeicnl and bicl ogtenl condi ti ons of the
grea t Ocean-basins j nnd il is rccommcnded Irn- t hat plll'Jlose tc
p M 8 clown the con.st of I'o rt ugal nml Spa in, ta cross the Atlant ic
from Madeira ta the Weet-Indian Islands, t(l go 10 Bermuda,
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th ence to th e Aeores, t he Cape de Verde ] elands, the Coast of
South America, and across t he South Atlanti c to the Ca-pe of
0 0011 Hope, Thencc by th e ) I:lrioll Is lands, the Crozets, and
Kerguelen Laud, to Australia end Xew Zeeland . goiug south­
wanls en rOll te, opposite th e centre of th e Indiau Ocean, as near
as ma)' be with conve nleuce and safety to th e southern Ice­
te rrier. From Xew Zenland th rongb the Coral Sea and Torres
Straits, westwnrd bct ween Lombok end Bali, and th ence through
the l'clelles and Sulu Seus to ) [n ll illa, theu eastward ioto the
l'ucifi c, yisi ti ll:; Xew Guinee, New Itri t nin, the Solomou Islands ;
und att crwards to J apau. where soute cousidernble tim e might
J~ profitably spcnt . From J upan th e course should he di rected
aCI'OSS the Pacifie to Vancouver Island, then southerly th rough
the eastern trough of th e I' ac ifi c, uucl homewards round Ca pe
HOl"H, This route will giv c a il opportuniry uf ex nmining mali)'
ut" the pnucipnl ocenu phcuorueua, iucl uding the Gulf-stream
alll\ l'~pll\t uria l curreuts ; sorne of th e biological conditions of
the sen of the .\ lItillcs ; tho Iauuu of the deep wnte r of the
:-:Out il Atlantic, which is as yct unkn own, and the spec ially
illtct-e;liug fnunn of th e borders of the Autu rct ic Sen. Special
attent ion shnll he puid to the bot nuy and zllulugy of the :lIal"Îon
Islands, the Crozets, Kerguelen Land, and nlly IlCW groups of
i,;lallds which lLlay possibly Le Illet with in the region ta the
souür-ens t uf the Cupe of Good Hope. Prcb nblj- iuvestigations
iu t11t.'SC lnti tudos ma)' he difticul t ; it must be remembered ,
howcvel", thn t t lle nmnue fuunn of thcee regions is nccrly
unkuown, 1.1Int it must bonr n most îutcrcst iug re latio n to the
luuun of high uort.hc iu lat itudes , tha t the region is inaccessible
cxcept undcr auch circuni steucœ as the present, ami that every
allllit ioll to our kuowledge of it will he of vainc. l 'or the sallie
reusous the Exped ition ehould, if po ssible, touch at the Au ckla nd,
Call11,hell, and especinlly the Mecquarie Islands. Particula r
attent ion ehould be paid 10 the zoology of the sea betweeu New
z cnlnnd, Sydney, New Oalcdo nlu, and the Fij i and Fricudly
Islands, as it is probabl e tha t th e Aut arctic faunu mey he fonud
thcrc at ncceseible depths. New Britain end New Ireleud ore
almost unknown, and from their geograph ical pœirion & special
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interest attaches to lheir Zoology, Botauy, and Er lmology. The
route through this part of the Pacifie will give an opporlnnity
of checking and repeating previous observat ions 0 11 the stru cture
of coml-reefs and the growtb of coral, and of ccllect lng series of
volcan ie rocks. The .Japan cum ul will nlso Le studied, and the
carrent along the coast of Caliïorul a. The course from J apan 10
v ancouver Island and th ence to v al paraiso will a lTord an oppor­
tunity cî determining the physicnl geograpby and the distribution
of life in these regions, of which at present notbiug is known.

1. P II YSIC.t L Ons.:I:L\TIO;\ S.

In crossing th e great Ocean -basins, observations should Le
made at stat ions th e positions of whieh are care fully deten nined ,
chosen so far as possible at equal distances, the length of the
intervale bcing of COUl"~e dependent 0 11 cireumstaucea At ench
station should he noted the tiuie of the di fferent observations,
th e state of the weather , the temperature of th e surface of th e
sea, th e depth, th e bot tom temperatu re dctermincd by the meen
of two Millcr-Oasella thcnnorueters, the specifie g:ravity of thc
surface- and bottom-water, The nature of th e bouom sho uld he
determiued by the use of Il soundiug-iust rumcnt const ruc ted 10
bring up samples of the bot tom, and a150, if possible, by a haul
of the dredge. When pract lcable, the umount and nature of the
gases contaiued in th e watcr, and the nmount and nature of the
eelte and organic matter, should he nscertaincd. A~ frcq ucntly
as possible, especially in the l'30th of curreuts, scriul tempe ratu re­
eoundings ough t to be takeu either with the instrumen t of ) Ir.
Siemens or with th e Miller-Cnsclle tb crmomctcr, and in the
latter case at Inte rvale of 10, ,i f) , or 100 fathoms, 10 determine
the depth and volume of masses of moving wate r dcrived from
different sources.

Th e simple determination of the depth of the oecnn at tolereb ly
reguler d istances throughou t the cnürc voyage is ail object of
euch primary importance th o.t it ahoukl he carriod out wheuever
possible, even when circumstances may not admit of drcdging,
or of anyth ing beyond aounding. The invest igation of varions
probl ème rel atin g tc the pest history of the globe, itfl geOl-{1'fIpllY
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at different geological epochs, and the exist ing distribution of
animale and plan ts, as weil as the nature and causes of oceenic
circulat ion, will he great ly aided by a more accurate kuowledge
of the contour of the sea -bed.

Surface Tempcmtnrc.- The surface-temperature of t he sea,
as also t he temperature of th e air as determined by the dry­
anù wct-bulb thennometers, should be regularly recorded every
t wo hours duriug the day and night throughout th e voyage.

'I bese records should he reduced ta curves, for the purpose of
ready comparison: and the Iollowing points should be carefully
at tcnded to ;-

1. In case of a general correspondence betwceu the tempe­
rature of the sen and tlmt of the air, it shonld he noted whether
in the diurnal variation of beth the sen cppcars to follow the
air, or the air thc sea.

2. In case of a marked discorda nce, the condit ion or con­
ditiou a of that discordance shculd be eought in (a) the direct ion
:LIllI force of the wind, (li) the directi on and rate of movemeut
of the ocean surfu co-wnter, (c) the hygrometrie stnte of the
utmosphere. Wbcn the air is very dry, thore is reason to
bclicve that the temperature of the surface of the sen is reduoed
by excessive evaporation, and that it ma)' he below that of the
snbsurface strat nm a few fathoms deep. It will he desirable
thcrcfore, that every opportuuity should Le taken of compcring
the tempera ture at the surface wit h the temperature of the
aubsurfnce stratum,-say nt overy [) fatho ms down to 20
futhoms.

l'oIlJlI'1'rrf ll/"c So1tlldùl!J8.-Thc dcte rmiuarion of th c tempera­
ture, Ilot mcrcly of the bottom of the ocean, ovcr a wide geogra ·
phicnl range, but of its varions intermediate strate, ia one of
the most important objec te of the Expeditio n ; and should,
thcrc fore, be systemeticnlly prosecuted on a method which
should sccure comparable resulta The following suggestions,
baeod on the experience alren dy obtaincd, in the North Atlantic,
arc made for the sake of indicat ing the mnnne r in which t imc
and labour may he economized in mnking serie l sound iugs, in
case of the employment of the Miller- Cesella thermometer.
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They will he specinlly applicable to the aren in which th e work
of the Expedition will comme nce j but the thermal conditions
of ether areas ma)' prove sa different, that the mcthod mny ueed
considerable modifica tion,

Th e Iollowing strata appear to Le defini telj- dist iuguisbuble in
the North Atlantic :- ((1 ) n" superf lcial stratum," of whi ch the
tempera ture varies with that of the atmosphere, and with the
amount of insola tion it receives. The thickness of thi s st ra tum
does uot seern ta be generally much above 1110 fathoms; and the
greatest amount of lu:a tillg shows itscl r in th e uppermost 50
fathoms. (b) Beneath this is au " upper s t rnt um," th e tempe­
ra ture of which slowl y dimiuishes as th e depth increases dowu
to ecveral hund red futhour-, . the temperature of this stmuun.
in high lati t udes is t: fl lI~ il l c ra l , lr (dmt'C t he normal of th e
lat itude ; but in t he in t crtropicul region it soeurs tc Le COII­

sidem bly bclQW tlll' nonunl. ((;) Ik-low tlds is a sunnuu ill
which the rate of diruinutiun IIf temperature with incrcosing
depth is rapidç oltuu Hl llfJllllli ll!; 10 JO ' f,I' IUf/I'C in :!OIJ fnthoms.
(d> The wbole of tilt: d':cI'CI' pa l·t " f III! ' :\orth Atl.uu ic, Lclow
l ,lJOO Iathoms, is bclicvcd III Jill occupicd J.y wnter M t ULrlU) '

degrees above :~2~. \\ï t l. l't:g' lr.l ta this " (;) ad al Snutum," it i,'1
excced ingly impor tant thnt its dcptb and t emperature ehould ÙC

care fully dete rmined .
ft. will probably llC r"ulIll sunlci ent iu t he lil"8t iustancc tn

tak e, with each dccp &,110"1 AAulI.l iu;:::. ~~rVd SOllllllillgS at cvcry
:!ÜO fathoma, d OWJI t ll 1,2.;11 fati",,".,; ; and thcn kt iiI! II p the
inte rvels in as m uel. dct ail ns Illay sr:CIII .Iesirahlc, T itus, whcrc

the fall is very smull hr;t \\' e. ~11 ('Ile ~.-,o ntnl tln, ncxt , or Jll'twCCII
any one and the leutsuu, Il', illtf;rlllt:tJiale oleervntion will 1..,
needed : b ut wherc nn nhr ul't dirïorcucc of scvcral degrees shows
itael f it sbould he asccrtained by iutcrruediate observations
whet he r this difference iJol suddcn 0 1' gmduul.

The instr ument dcviacd by M I', Siemens for tlru determi nation
of submari ne temperatures is pcculicrly ndaptod for ecrial
meaeuremente, as it doce Ilot rcqulrc 1.0 he lmu lerl Ill' fol' ench
read ing. Tt ahould, iJOWCV Cl', he userl in conjuneticn with the
Mtller-Oeeella thermometer, 80 ail ta aacertain how fur the
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two instruments are comparable: and this point having been
settled, Mr. Sieme ns' in strument should he used in all serial
soundings ; and frequent read ings should be taken with it, bath
in descending anù aecunding .

A question raised hy the observations of the U.S. Coast Sur­
veyors in the Floride Chan nel, and br those of our OW Il sur­
YCYOl';; in the China Sca, is the extent to wbicb th e eolder and
tbere fore heuvier water ma)' l'lm "P hill on th e aides of declivi­
tics. The posit ion of the Azores will pro bably Le found very
suitable for observat ions of tit is kiud. Tempera t .ure-soundi nge
shoultl he tnken at vari ons depths. espec iall v 011 their nor th and
south slopes, and in th e channele bctwcen the islands ; and the
temperature s at varions deptb s should be comparcd with those
01' ccncspondiug dcpt hs in the open Ol:C;Hl .

It is in the Southcvu Occnus thnt t he study of ocean-tem­
peintures at diflurunt deptbe is ex pectcd to affo nl th e most
important results : and it ehould thcre be systemnt icelly prose­
cutcd. The grea t l ee-Lanier should be approacbed as noarly
as lIla)' ùc dccmed suitnble, in a meridian uearly correspond ing
10 the cent re of one uf the fluee great Soutbcm Oceans j- say
10 tlle south of Kcrguclen's Land j and a li lle of souudings
slJ() uld lm cnrricd 1L000th and south as nearl y as may be.

l n counoction with the Jirui tation 01' the m'ca and depth of th e
l'ccf-builtlîll;.;" cornls, it will Le very importan t to asoertain the
rate of rcduct iou of temperature l'mm the surface downward s
ill the l\~gio ll lJ r thc ir grcotost uctivi tv; as it lias bccn suggested
thnt tilt' limitatio n of living rccf-buildcrs to :!tl fabhoms llIay Le
a thenun l Olle .

Whercvor an)" nuorualy of temperature presen ts itself the
cOlHl itioll uf euch anomal)" shonld, if possible, be ascertniued .
'l'hus thc re is rcnson ta bclieve th nt the cause of the te m­
perature of the surface-wnter bcing bclow that of the snbsurface
st rntum, in the ncighbourhood of melt ing iee, is th nt th e water
coolcd by th e ico, by admixture with the wuter derived from its
Iiquefuction, is also rcn dercd lees salt, And thcrcfore fioats upon
the "larmer and salt er water beneath. B erc the dctc rmination
of Specifie Gravitie s will afford the clue . In other instances
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a wamr currrnl may he round beneath a colder stratum ; end the
use of the " curreut-drag " might show its direction and rate.
In ether cases, agaiu, it may heppen tbat a warm submarine
spring is discharging itself,- as is known to occur near the
island of Ascension. I n sncb a case, il. wculd he desirable to
trace it as nearly as may be to its source, and to escerta in ita
composit ion.

JI01Jlmtnu of tke Oco;an.-The determination of S wrf aœ­
Currcnte will , of course, he a part of the reguler routi ne, but it
is particnIarly desirable thal accurate observations should he
made along th e Hue of sounding in the Southern Ocean, Ils to
the existence of what lias been described as Il gcnernI " Southerly
set" of océanie weter, t he rate of which is probably \'cr,r slow.
Jt is also very important thnt endeavours sbould he made to test
by the " eurrent drag," whe thcr any 1I1ula j!uw can he ehown to
exist from either I'o lar lJ3 SÎll townrd... th e Eq ua torial region. A
euitahle locality for sucb experimenta in th e North Atlantic
would probebly bel the ncighbourhood of the Aaorce, which
are in the Hue (J f the glacial flow from the North Polar
Channel. The gui-le 11) the dcpt h at which the current-dmg
should 00 suspendcd will he fumished hy the thcrmcmeter,
especially where therc is an)' abrupt tmnsit ion bctween olle
stratum and another. Jt woubl he desirable t1lat not ouly the
rate and direction of sur face-dri ft, lmt th osc of the suleurfucc
st ratum at (say) ZOO fathoms' dcpth, s1l01l1J. he dut ermincd nt
the same t ime will. t1 lOSC of the dcep etratum.

Tidal ObseJ'u tlunu.-No opport unity of mnking Iidnl observa­
tions ahculd he IIJ~ t. Careful observations made by nid of n
propcrly placed ride-pole in any l'art of th e world will lie
valuable. Accurate meesurcments of the eee-Ievel once evcry
hour (oost every lunar honr, i. e: at intervele of P 2m of soler
time) for e luna r fortnig:ht (t he t ime of COUI"8C bcing kept) would
he very valuable information.

lkacJvmarks.-In reference to the Intereeti ng question of the
eleva tion or eubeldcnœ of lnnd, it will he very desirable, whcn
sufficient tidel observat ions clin he obtainrrl to actblc t1 IC TIleILn
level of the eee, that permanent beach- marke ehculd he est llb·



CHAr . 1.] 7'1IE EQUIP.'fEN1' OF THE STlI P. 77

lished, recording the date and height above sueh mean level,
Even recording the height ta wh ich the t ide rose on a certain
day and time would render ft comparison possible in future
ye..us.

A good determination of the mean sea-level by the simple
operation of taking means may he made, in lese than two days,
with even a moderete numbcr of observations properlydistributed
$0 as (0 subdivide botk eeùcr (fnd lunor drty;; into not loe tkan
thrce equal parts. Suppose, for exemple, wc ehoose 8-hour
intervels, beth soler and Iunar. 'I uke ft lunar day at 24h 48'"
solar tirue, which is near enough, and is convcnicut for division;
and choosiug any convenient hour for commence ment, let the
height of the water be obscrved nt the following times, reckoned
from the commenceuients-,

"
m . ". m.

"
m

" n 8 o 16 o
8 W 16 16 24 16

16 j 2 2! 3.2 :J2 32

The observations may be regarded ag forming three groups of
three ench, the members of eecb group being separated by 8
hours solnr or luuar, whilo one group is sepamted from the next
by 8 hours lunnr or sala i', lu the mcau of the niue resulta the
lunnr and solnr semi-di nrnal and diurnal iuequal ities are ail four
oliminutol.

Nine is the smnllcst Humber of observations which can form a
complete series. If the solur day be dividcd into m end the
luunr into 1l equ nl parts, where m and n must bath he gre eter
thnn 2, tbcro will he mn obse rvations in the series; and if either
m or 1l he fi. multiple of 3, or of a larger Humber, HlCwhole series
may he diviùed iutc two or more series having ua observation in
eominon, and cach complete in itself. The aeeumey of the
lllethoù can thus be tes ted, by compering the monna obtained
from the sepamte sub -scr ica of whieh the whole is made up.

Should the ship's etey Ilot permit of the employment of the
ubova mcthod a very fair determination may be made in less
t itan a day, by ta king the mean of 1l observat ions taken at
intervll.la of th e ath part of a lun ar dey , 'II. being greeter than 2.
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Thus if n = 3, these observations l'equite a tota l intervnl of l ime
amounting to only 16· 32-, The theoretical erre r of th is method
is "ery sniall, and the result thus obtained is decidedly ta he
preferred to the mere mcnn of the heigbts at high and low
water.

The mean level thua determi ued is subject to rnctcorologtcal
infl uences, and il would be desi rable, should thore he an oppor
tunity, to redetenniue il at the sanie place at ft different thne of
year. Should a reguler series of observat ions for a fortuight be
instituted, i l wonld be superfl uous to ruake an independeet
determination of the menu sea-level by either of the ebove
methode at the same rime.

Resides taking observations 0 11 the ordi nary wuvcs of th e sen
when at aU remnrkable, the Scicntiûc Sta ff should cnrcfully note
the ciroumstanees of any waves attribu tablc to earthquakcs.

Spu ific Gm:üily,-The specifie grn viry of the sur face- and
bottcm-water shoul.l bc cne-lu lly corupnred, wheue vcr soundlngs
are taken ; and wbcucvcr ser iai soull'liu;.:s a rc takc n. the specif ie
gravity at intermediat e rlepths !lllfmlrl l>e nscertaiucd. Every
determinntion of specifie um vit v shcubl 1,..: 1IIa(\(> with carcful" .
attention ta tempe ratn r e: aJll l th e requisi te conceüon should he
applied from the lest 1'a1.1I· (ur its rcduetiou tl, tlu: nnifonn
standard of (;0°. Il woul.l l...; weil tc check tlll ~ most important
resulta by the balanc e ; snuu.lcs iJciIlg prcservod fol' exnmln nëon
in harbour. "~h P. réVe l' t he t r-rupr-rat ure of Ole surface is high ,­
cspccinlly, of course, in tho Iutert mpi enl 11':.:: ioll,- sal lll,les should
he collected at every 10 liltilfHn '>, ffl r tlll' l " lI" l ofIS( ~ of asccrtn ining
whether any elfcct is J'l"/Jflllf:el! lt)ofJ/l tl.t- s l'(.'c ilic gr uvity nf
the uppe r at ratum \'y l'vapural i,,,,, nurl how far llfl\l'Il this l:1fl'Ct
extenda

Transpare"M!I (If llu }Vrd u .-Obsc rva t.ilJlI!! for t ra nspnrency
should he taken at varloua deptba ami Ululer 11ilTcl"Cnt cou­
ditlcne by méans of Mr. Siemens' )lllfJtogra] ,h ié nppuratu e. As,
however, the act ion of this de pends upon the more refrangible
raya, and th e absorpt ion of thcsc nud IJC the IlI OI'C lu miuoua rays
tnight he different, and thnt, in Il munner vurying wlth r-ir­
cumetances, eucb as the presence or abse nce of suspcudvd
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matter, èc. , the eransperency of the sen sbould alec he tested
by lowering a white plate 0 1· large white ti le to various meeeured
depths, and noting the ebange of intenaity and coJour as it
descends. an d th e depth at whi ch it ceases to he visible. The
etete of the sky at the t ime sbould he menrioned, and the
altitude of the sun , if shining, roughly measured, or if not
shilling', ded nced From the tiure of day,

Rdatiolt of Bcrometric I 'cessurc [0 L ft tit lule.- Ill Poggendoïff's
"Annalen,' \"01. XX\' i. 1832, p. :395, is a remark uble paper by
Professer G. F . Schouw on the relat ion bet ween flle height of
the barometer nt the level of sen, and th e lati tude of the place
of observation, At page 434 is a rcug h statement of th e result a
of his resenrches, the heights being given in Paris Iines.

.... &~
...,,......,.atO" C.

If' 33 , ·')
i n :J.J'·â

•• 338-'
a" :J,;)9"tl,. 338"t1

no 33..1

liO 335"5

mi 333·0,. 33.{"O
if, 335"r.

The Expedition w igh t cout ribute to the ex nminntion of this
law. not only by givi ng espccio l attention 1.0 the ba rometer
observations at about the critical latitudes 0", 30", 65", ï O·, but
alllO by compnriug an)' bnrometers with which long series of
flbscrvntiolls have been malle nt any port. the)" may touch at,
with th e ship's standard beromctcr.

ft appe aes pro bable from Schouw'a parler , thnt certai n
meridiens are mcridinns of high pressure and ethers of lcw
pressure.

For cOlllpnrisQll of bnrometer and mensures of heights, it
nppears tlrnt the nnemid baromcter coust ructed by Goldschmid
(J I' Ziil'ich would he very uaeful .

lt is very deelmbl c thnt the ete te of the barometcr and
th ermometer ehould he tend at lees t every two lioure.
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II. C UE)1)CAL OBSERVATIO:SS.

1. Samples of sea-water sbould lx> collected for chemical
analysis at the surface and at varions deptbs, and in varions
conditions. Each sample should he pleced in a Winchester
quart gless-etoppe red botüe, the stopper being tled down with
tape and sealed in such a manner tha t the contents cannet he
tampered with.

2. Portions of the saine samples ehould he, immediately
afber their collection, boiled in vacuo, th e gasce collected, their
volume determined as accurate ly as may Le, and a portion, not
lees than ODe cubic inch, henn cticnlly sealed in a glass tube, ta
be sent home at an)' l ime for complete analysia.

3. Frequent l'amples of sea-wntcr taken at the surface. and
others taken beneath as oppcrt uuity oîïers, sbculd bave deter­
minutions of chlorine made UllQU th em at once, or as 80011 as
convenient ,

This operation could easily he earricd on in any but v('ry
heevy weatlier, On the ether hand. it is not th ought that any
trustworth y analyses of gascs conld he made on board ship,
nnlese in harbour or in the calmest wcether.

4, Such semples of the eca-bottom as are brought up ahould
be carefully dricd aml prcserved for cxnminntion and analysis,

5. The ga.~ containcd in the swimming-bla.ldcrs of fishes
ceught near the surface and nt lliflcl 'Cnt dl'l'th .'I 81101l id 00
preserved Cor nnalysis. In eneh case the spccica, sex, and siac,
and especiaUy the dcpth ut whlch the fi sh wna cnuJ.:ht, shollM
he state d.

I ll. B OT ,\ XICAL O m'ŒIt\' ,\ TIOSR

The duties of a bctenist in travelli ng arc twofold, and in t11C
case of the voyage cf circumnav igat ion abo ut 10 1Jc undcrtakcn
by H.M,S, ' Challenger ' they are of cqual importance.

or theee, the one refera to forming complete collect ions of
the plan ts of aU înteresri ng locel it ies, and œ pcclally of t1l11
individuel ielanda of océanie groups.

The otb er, tc making observations upon life, h ialol ')', and
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structure in the case of plants wbere special knowledge is
eoucerued.

In the tirs t of these d ie botanist must necesscrily he largely
helped by the assista nce 10 he obtained on board ship (rom the
offi eers and crew, wcrk ing un der his guidance and close super­
vision. Wh en time and opportunity are wanting for roaking
complete collections, preference should he give n ta the pbenero­
gamous vegetation.

In th e second he will lieve to depend upou his own resources,
and will therefcre require thnt the mere process of collect ion
does not make too great demande upo n his ti me, although
in itself exceedlngly impo rtant , and br no meene ta hl.'
neglected.

The general directions for travellers.priuted in the Ad miral ty
Menunl ot Scientific Iuquiry, will of course he kcpt in view.

Especiel stress 1II11St, however, he laid UllOn th e necessity of
obtainlng infcrmat iou about th e veget at ion of océan ie islands.
These are, in man)' cases, the last positions held by âcres of
I=; rcat nntiquity ; and, as in the case of St. Helena, th ey are
Hable to speedily bc come extc rmiunted, and therefore to pass
iuto irr euiedieble oblivic n wh en th e islands become occupiod .

or lllany th nt li e not far frein the us ual t rncka of ships,
absolutcly not hiug is knowu, whilat of the flora of 1\ vnst
rnajority we l lOSSCSS most imperfcct mnterials. The fol1owing
lire espocially worth exploring : and to the list is edded an
indication of the Ienst cxplored const-Iincs of the great con­
tinents. As far ns possible complete dricd collections sbculd
he made, not only or each grou p, but of eacb islet of the group;
for it is usuelly the case tlmt the florns of coutiguoue oceanio
islets are wonderfully different, Of th ose in italics th e vegeta.
tien il! ebsolutely unknown, or al l but so.

1. ATLANTIC OCEA,,>f. Cape de Verd, Tr istan d'Acunha, Fer­
nando Nuronha. Trinidad, and MaTtin Vaz (off the Brueil coast),
Diego RmniTcz, S. Georgie, The African ooast between Morocco
and Senegal, th e Geboon, and Damara Land olTer the most novel
fields. On the ëmericen coast , Cayenne, Bah ia to Cnpe Frio,
Patagonia.

G
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2. W EST h'"DI ES. The Bahamas and Sr, Doming o and the
An till es have been very imperfectly explorcd, except Domi niea,
Trinided, and Mart inique. On the mainlaud, Hondu ras, NiC1'l·
ragua, and th e coast region of :\[exico, th e Mosquito shores and
Gu atemala offer rich fields for botnnical research,

3. I~DIA.'{ OCF.A~. Th e Sey che lles, .Anuïiiraïücs, Madagascar,
Bou rbon. Socotra, St. I'aul's, and .ôm stcrdnm Island s, Prince
Edlt'(l.T(ï s, th e CI·ozd s and J1J(œioll grcvpe- Of the E. A frîcan
coast to th e north of Xntal 110 par t Ie well explored , and the
greatcr part is utterly un kuown bota nica lly.

4. P ACIfJC OCE..\:\. 1. K. T ElII' Er..\TE. Collections are
wented from N. .Jnpan and the K uriles ami Aleutian Islands.
2. T ROPICAL. Considerable collec tions have bccn made only in
the Sandwich Islands, Fiji Isl ands, Tah it i, and New Caledonin :
from nl! of wldch mûre arc much wentcd. Th e ),[anpJesns, New
H ébrides, Jfars1tfd l's, 801û1H0l1'fl, nud Carolille's, togcther with
aIl the sm al ler g l'Oll}l!; , arc stil l less knnwu. Of the A mr-rjcnn
contine nt , the Cnli foruian I 'cnin snla, Mexico, mut the whole
coas t Irorn Lima t f) valparaiso, are hut impcrfcct ly k nown. or
the sruall islands off th e coast, .I unn Fcmnndca nnd th e Gele­
pag:oo alone have beon partially botnnize...1. 3 . S. Tt:~J'F.IL\Tr~

J uan Feruaudea, Af ltshjl(Cm , St, Feli x, and Ambroise, l 'ik«irn,
Bounty, A nl ijUXk." }.'liw·al fl, .lltWI IUlTic Is lands.

5. I x nnx AH (;J1l1'Ef.AGfJ. .Iavn ulouc h cxplorcd, and the
Philippines very pnrtially ; collecti ons ore nspccinlly w all (ccl
t'rom al l the islands cast Il l' .Invn to th e Louis indc nnd SO \OIll Oll

Arcbipelagos. espc ciall y Lombok and New Guinee, Siaur,
Coch in China, and the whule Chill('se sen-board wnnt ex­
plorat ion.

6. A USI RAUA. Ali th e t ropical coast! arc vcry partially
explored.

Photographe or careful drew lnge of tropica l vegetation onen
eonvey iatereeti ng information, and should contaiu seme refer­
ence to a ecale of dimensions.

An inquiry of much importance, for which the present
E xpedition affords a favoureb le opportuui ty, if! thut iu to the
vita.1ity of seede expoeed ta the action of eee-weter.
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Observations should especially be made ou the fruits and
seeda of those plants whicb have become widely distributed
throughoub the tropical regions of th e world, apparently without
the intervention of man j but further observat ions on other
plants of differen t natnral orders may be of great value with
reference to questions of geographicel distribution.

The following I nstructions have been drawn up for the
botanical collectera as ta objects of special attention at par­
t icular places :-

Porto Rico.-In ccllcctiug, dist inguish the plants of the Savan,
nnhs fl'DIU those of the mou ntains, wliich, if possible, should he
ascendcd. The palms an ù tree-ferns are 'luite uuknown ; marine
algœ ulso are wantcd.

Cape de Vcnlc$.- Make for the highest peaks, where the
vegetation is pcculiar und analogons ta thut of Mudelra and
the Canaries.

Fernando de ..:Yoroll!tu .- Land if possible. Very remarkablc
plants are said to coeu r, different from those of Brasil.

'l'rinÙlad.- A complete collection is required. A trée-fein
exists, but the species is unkuown.

Prince l!.'dwal'd's Islaml and Cl'ozcis.- Two spots more in­
tcrcstiug for tho exploration of their vegetation do not exist
upon the face of the globe. E very effort shoulù be made to
iunke a complete collection.

Kel'gllc!clùl LUlld.-A thorough exploration shculd he made,
mut the Cryptognuiic plants and algre diligently collected. The
Antarctic E xpedition wna only thore in uridwinter ; flowering
specimens of Pringlea are wantcd.

A uel.:lmul cuui Campbell Island.s.- The ûorae should Le weil
explorud.

South Paelftc and I ndian Oceall-s.-Attend to general inst ruc­
tions, more eepecia lly as regards p nlms and large mouocotyle­
dons generally. Marine nlgœ are snid to he scarce, and should
be looked for 0.11 the more diligeutly. In the North Pacifie,
south tcmpcrate nlgro are enid to prevoil.
Alcu/,iail~ Islands.-Collections are perticularly wented.
Every effort should be mede ta laud on island s betuun

G 2
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Lat. 30" N. and 300 S. Along the marked treck (between Vau­
couver Island and Valparaiso), 50 as 10 connect the vegetation
of the American continent with the traces of it that exist in the
Sandwich I slands.

Straits of Magcllml.-Cryptogams are abundant, but very
part ially explored.

The following additional notes bave been drawn up for
the more especial guidance of the bctanista of the Circum­
navigation :-

Phancroga7M. - 1. Flesby parasitic plan ts (Balanoplu,rfl.
Roffluia, &c.) are little suitable for dissection and examination
unless preserved in spirit ; and the same remark appllee 10
flesby Bowers and inflorescences generclly. Dricd specimens,
however, are not without thei r value, and should al wnye l e
obtain ed ns well.

2. The stems of scandent and c1imbing plaut s arc often l' e l')"

anomalous in their structure. Short portions of snell stems
should be collected when th e cross-sect ion Ie in cuy wa)"
remarkable, with the Ioliege, Ilowcrs, and frui t whcn possible.
A Iew leaves and flowera shcnld alec he ücd up bctwccu two
pîecee of card, end nttached nt once to the specimens of the
stem, 50 as to ensure fut ure idcntifleation.

3. Attention ebould Le giveu to the esculcnt and medicina l
substances used in various places. Specimens shuuld he
obtained, and whcncvcr possible they should lm nccorupnnied
by complete specimens of th e plants from wldch such sub­
stances arc obtained.

4. The common wccds and mdcml plnn ta growi ng al,Jl)ut pori!'!
Of Ianding-plaœe sbould not lie cvcrlockml , aud, as Iur as prae­
ticable, trustworthy informat ion ehould Le rccordcd as tc the
date and circurnstances of th e introduction of foreign spociea

5. The distribution of marine I'hauerogumic plants (Zostcra,
Cymodoua, &c.) ehould elso be notcd, and specimens preserved
witb their latitude and longitude. Their buda and parts of
fru ctification ebould he put into spirit,

6. The ûowera of LorantluLCue and Santulauœ should Ile
preeerved in spirit, and eleo dried 10 exhibit general habit.
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7. The inâcrescence of Aroids should he diseected when
fresh, or put into spirit. Note the placentat ion and position
of the ovules.

8. Devote especial at tent ion to the study of Screw-Pines and
Palms wh en opportunity arises, even if necessary ta the neglect
of other things, Th e general babit of the plants ebould Le
sketched ; th e male and female inflorescence should be pre­
eerved, and alsc the fruit ; the Ioliage should be dried and
fclded, and pncked in boxes. Many fleshy vcgetable objecte
mny he " kül ed" by a longer or slrorter immersion in spirit.
They then dry \lP without decaying, and form useful specimens.

9. With respect to Palme, fur ther Ilote th e lleight, positi on of
the spedix, and prepond erance of the sexes in bath monœcioue
and diœcious ejectes. also form and dimensions of Ieevee.

10. Surfaœ -driïtiugs should he exami ned, and any seeds or
fragments of laud-pla ute carefully noted when determiueble,
with direction of currents and latitude and longitude.

I L Fncts arc nleo required as 10 the part pleyed by icebergs
in plant-d ist rib ut ion. lf any opportuuity occura for their
exmuination, it would be desirable ta prescrve and Dote auy
vegetable materinl which might be fouad upon their sur face ;
ulso to exnmi ue nny rock-fragments fol' lichens.

12. FC1·ns.-Ferns should ulweys, wheu possible, be obtai ned
with fructificat ion. I n th e case of t r ée-ferus, 0111' knowlcdge of
which, fro m the imperfec t ion of mnt crial fol' descript ion, is very
defective, a po rtion of th e stem suflicient to ilhistmte its struc­
ture sho\1111 be obtnined, witb notes of ils height; a fragment of
a ïrond (bctwocu picccs of cord) and th e base of fi. st ipes should
he tied ta th e specimen oC the ste m ; nlso a note as 10 whctb er
the advcntit ioua roots wcre living: or dead.

The nutnber of fronds should he counted, their dimensions
taken, and the baeel seales carefully preeerved.

Note if trce-fems ara ever attacked by insecte or fungi, and
whether they form th e food of any clese of animale.

13. J[OS8CS, &c.- Many masses arc aquatic. In th e case of
diœcious epcciee of masses, plau te of beth sexes should be,
when possible, eecured.
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14. Aquo.tic species of I iicciacce should he lookcd fur.
Minute J ttngermanniaccœ are round on the follage of ether
plante.

15. Podostemaa œ are fouad in rocky ruuni ug streems in hot
countries. They have a remarkable superficiel resemblence ta
Hepati ce. Except at the ûowering season they are al togcther
eubmerged. Specimens should be preserved in spirit as weil as
dried.

lti. Fun!li.-Take notes of aU t1eshy fungi, especially as re­
gards colour ; the spores should be allowed to full on paper. and
the cclour of th èse uoted ulso. The flesby specics may seme­
l imes he edveutageously innnersed in spirit before prepariug for
the herbarium.

17. Examine the fungi which grow on ante' ncsts, taktng
care 10 gel perfect as wcll as impc rfect states, and ta secure, if
possible, speci mens which have Ilot burst t heir volve,

18. Look out for luminons spccics, and ascertaiu whether
they are luminous in themsclves, 01' whethcr the lnminosity
depends on decomposition.

19. Secure specimens of aU csculeut or medicinal Iungi
which are sold in bazaars, notlug, if possible, the verueculer
name.

20. Note any spccles oC fl cshy fungi wblch arise like the
Pietra Fltn!/oj a from a mass of curth imprcguated wlth niycc­
li um, or from a globo sc rcsüng-maae.

21. Attend especially 10 any fungi which at tack crops,
whetber eereal or otherwisc ; and particularly go thcr specimens
of vine-mildcw and potatc-mildew, should they he met with.
Even eommon whcat-mildcw, snmt, &c., ehoul d he preservod.

22. l n every case note date of collection, eoil, anù ether
circurustaneee relat ive 10 parti cular specimens.

23. Look after thcee fuugi which ettack tllt~ Iar vœ of tasects.
24. I n the case of the MYXO!JasJ.ru , sketches should he made

on the spot of their general form, with details of microscopie
eppearance. It would he worth while uttempt ing to preserve
specimens for future microscopie exumination by méans of
oemic acid.
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25, A lgœ.- :Murillc algœ ma)' be fou nd betweeu tide-marka
auecbed to rocks and stones, 01' footing in saud, &c. ; t hose iu
deeper water are got by dredgiug, end many are cast up alter
storms; eruall k ind a grow on t he larg er, and sorne being like
Ileshy crnsts ou sto nes, shells, &c., must he pared off by mean s
of a k nife.

'I'he more delicate kinds, ufter geutle wnshiug, mev he ûoated
in a vessel of fresh water, upon thi ck and sinocth writ iug or
drawing paper ; then gently lift ou t paper and plant toge ther,
allow seme tiuie tc drip j then place 0 11 the sea-weed clean linen
or cotton clcth , and on it a shcet of absorben t paper, and aubmit
to moderato pressure- many adhere to paper but Dot ta cloth ;
then change the cloth nud absorbent paper till the specimens
nre dry . Large courser kinds may he ùrictl in the snure way as
Iand-plauts ; or arc lo Le spread ont in the slwflc, Iaking care
ta prevcur contact of rain or frcsh water of any kiud; when
sutficlcntly dry, t ie them loosely in uu}' kind of wrappi ug paper j

those preeorvcd in thi s rongb wuy may be expauded nnd fioated
out in water at allY timc aîtcrwm...ls. A fcw specimens of each
of the more delicate nlgœ ough t ta he dried on mica or glass.
A note of date and locality ought ta be attachai ta every
spc..cies.

Delicate sl imy algrc MC Lest prepnrcd by Iloeting out on
smocth-surfuccd paper (kuown lIS " skctching pnper"), th eu
a llowcli to drip and dry by simple cxposure ta curreuts of air,
without pressure.

2û. Very litt le iufonnaticn existe regurding th e ronge of deptb
of umriuc plauts, It will he ' ·cry desirnblc that observa tions
~ lllJl1hl be made upcu Ulis eubjoct, na opportunity from time ta
tiure presents iteelf

l 'rofessor Dickie re marke, and the caution shuuld he borne
in miud :-0< Whcn t he dredge censes ta scrnpe the bottom, it
becomea in ils progrese ta the surface mucli th e seme as a
toWillg-lll::t, capturing bodies which arc bei ng carr ied along by
currents, and thercfore great caution is uecessnry in reference to
ally marin e plau ts fouud in it. Scn-wecde are alllollg the roost
common of ail bodies carr ied by currents neer th e surface or at
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various depthe below, and from their nature are very likely ta
he entangled and brought up."

27. Carefully note and preserve elgœ brought up in dredge
in moderate depths, uuder 100 fathoma, or deeper. Preserve
specimens auachtcl ln sbells, corals, &c., which would indicate
their being actual ly in situ, aud Dot cuugbt by dred ge Ils il
cornes up.

28. E xamine mud brough t up by dredge from different depthe
for living Diatoms ; examine also for th e sarce purposc the
stomacha of Salpu: and otlier marine animais.

29. Note aIgre on sbips, &c., with the submerged parts in a
foul condition; a180 preserve scrapings of colonred emets or
slimy matter, green , brown, &c.

:30. Observe algol:: jloofi,,!/. cclle ct specimens, not ing lat itude
and longitude, cu rrcnts, &c.

31. E xamine loosc float iug abjects, dri ft-w ood, &c., Cor algre.
Ir DO prominent species presen ts itaelf preserve scrapings of any
coloured crus ts. Kote Ils abo ve.

32 . It roight he useful 10 hav e a few mcdcratc-sleed plecee of
wood, oak , &0., quite cleon nt ûrst, auached to sorne part of the
vesse) under watcr tc he examine..xl. I;.,\Y, mouthly. The }a~r

or sborter prominent aJg:r. should 1}(; kept und 110100, and crusts
on such exemined nutl preserved. with notes of the vcescl'e
course.

33 . Verious instances have l eeu mcutioncd l.y tmvcllcrs (,1'
the coloration of the sua IJY tuiuute al:;:I:, a~ [n the Stra its of
Malacca by Harvey ; auy case of this kind would Le worth
eepecial a tte ntion.

34. The calcarccua alg:.c p ld oUtsùt , &c.) are compa ratlvely
Iit tle known, and arc apt to he ovcrlockcd.

35. Freshwater aigre should he collcctcd ue occasion presents.
Professer Dickie states that they Ulay ho eithcr dried like the
marine kinds, or preeerved in n Iluid composed of 3 parts
elccbol, 2 parts water, 1 part glycerine, wcl l mixcd.

:le. Cases are recorded of the presence of nlgrc in hot spri ngs.
If euch are met with, the temperature should he uotcd nnd
specimens preee rved,
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IV. Z OOLOGICAL OBSERVATIONS.

As the Scientific Directc r of th e Expedi t ion is an accomplished
eoclogiet , and lies already had mnch experience in marine
explorat ion, it will eutâ ce to offer a few suggestions und er this
head.

The quadr ant-like zone of the Pacifie, which separates the
nortbem and eastern boundaries of th e Polynesien .êrchipelago
(using .. Polyné sie " in its broedest sense a.s inclusive of .. Micro­
nesia ") from th e coasts of K. Asie and America, is as little
explored from th e point of view of the physlcal geographer as
from that of the biclogist, I t would be n matter of great im­
portance ta examine the depth, and the nature of the deep-see
faune, of this zone by tak iug a li ne of sou ndings and dredgiu gs
in its north ern ImIf (say between JI1p..·Ul and Vancouver) and in
its eastern half (say between vancouver and Valparaiso). If
prncticable, i t would furt her he very desirable to explore the
littoral fuunn of wrdhou, Eastcr Island, or Sala y Gomez, with
the view of compariug it critically with that of the west coast
uCSouth America,

If ILM.S. f Chall enger' passes th rough Torres Straits, it will
he very desirable tc examine the littoral Iau na of the Papuau
1;1101'(' of the straits in ordcr to compare it wit h that of the
Austrnlinn shore. The lute I'rofessor Jukes, in his f Voyage of
the Fly' m:1ny ycnrs aga, di rc cted attent ion to th is poiut and to
ita theoretical bcmlngs.

Thc Hydrographie exnminntion of .. wallace'e Iine " in the
Malay Archipclngo, and of the Iit toml Ieuuas on the opposite
eidea of thnt liuc, is of great importance, cons idcring the signi­
ficanœ of that lina as a bouudary between two Distribut ionnl
provinces. And addi tional interest bas beeu gtven ta the ex­
plorat ion of this region by Capt. Ohimmc'e rece ntly obtaiued
souudi ng of 2,800 fntho ms in the Oelebes See, the uiud brought
IIp being almost devoid of celcereoua orgn nleme, but containiug
abuudnnt spicule of Spongœ and Radiolaric.

l'Ile light from any self-Iuminous abje cts met with should be
eXaInined with a priam Ba to its composition. The eclonrs of
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auiinuls captured sbould elso he exemia ed witb li. pr isiu, or by
aid of the microscopie spectroscope.

V. C OSCLUDIXG ÛB Sf:I:Y.\T10:SS.

Attention ehould he paid to the Ceology of districts which
ha ve Dot bitherto becn emmiucd, and collectio ns of minerale,
rocks, and fossile should he made. Detailed suggest ions as 10
the du ties of the gcolcgist accompanyi ng the E xpedition are
uuuecessary ; but it seems desi rable that, al an shores vlsited,
evide nce of recen t elevatio n or subeldence of land should Le
soughr for, and th e exact nature of these eviden ces carefully
recorded.

Every opportu nity should be tnken of obtniuin g ph otographe
of nat ive races to olle scalc ; aud of making such obscrvatioua
33 are practlca ble with rega rd 10 theil' physical characterietice,
language, habits, Implementa, and untiquit ies. lt would 1JC
advlsablc that SPCCilUCWI of bair of un mixcd races should in
ail cases he obtaiued.

Each station sbould have a special number associatcd with it
in th e rer..rular journ al of th e day's prccccdiugs, and tha t nu mbcr
should he notcd promincut ly on cVérythill~ conncc tcd witb tll:lt
station ; RI) th at in C3S(: of labels IJ(d ug' lost or bccoming in­
dist inct, or ethe r referencee fuiliug, the condi t ions of th e drc..d:;­
illg or other observet lous may at 011(,1..' Le fo rt!lCOlllillg: 011 re­
Ierenœ to th e num ber in th e journal. AlI specimens procured
ehoukl he cerefully prescrvcd ill spirit ur otherwisc, and packcd
in cases with the coutcut,s notcd ; to he dealt with in tho way
which seems most likcly tu COIl ÙUCC to the rapid und accuratc
developmeut of the scicut ific n. ~·ml t.'l nf the Expedition.

A diery, noticing the general procccdings aud resulta of cech
day, sbould he kcpt by th e Scientific Director, with the usaist­
ance of bis Secrcta ry j and each of the mcrnbcra of the Scicntilic
Staff ehould be pro vided with a uotelo ok, in wldch to enter from
day ta clay his observat ions and proccedtuga ; and ho ahoukl
aulnu it this diery at certa in iutcrv ela to the Scicnt ific Vircctor,
who would then abstruct the resulte, aml lnccrporutc them,
along with such eddidcnal data as may he aupplied 1JY th e
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ofticcrs of the ship, iu general scientific reports to he sent home
to the Hydrographer at every availablc opportuuity.

The Scieutific StafTsbould Le provided with an adequate set
of books of reference, especially those bearing on perishable
objecte.

Ilesolved-c-That thc Report of the Circumnavigation Oom­
tnittee, now udopted by the Couucil, he transmit ted by th e
Secrctary to th e Secretary of the Admirelty, wit h the
followi ng Lettcr :-

III reply 10 )'our Lcu er of the 22uù of August, referriug to
the Explomtory Voyage of H.:\I.S. "Challenger,' an d desiring
to leam, for the informati on of the Lords Counuissiouere of the
Aduiiralty what are the prec ise objecta of reecarch wlrich the
n oyai Society have iu vicw, and in wha t porticular portions of
the Ocean sueh invcs t ign tious may, in tbeir opinion, he carried
out with tho grcntcst ndvoutage to science and the beet probe ­
Lility of succcss, 1 am direoted 10 ncquaint ) 'OU that the matter
WtHI care fully cousldc red by 3. Connn iuce, consiariug of the
I'rcsldcnt and Oülcers, with Dr. Alluu u, Dr. Oarpenter, Dl'.
Frankland, 1>1'. H ooker, P rof. H uxley, the Ilyd rographcr of the
Atllllimlty, àlr. GW)' H J effreys, Mr. Siemens, :;ir W ill iam 'l'hour­
!SUli , Dr. Wyville Thomso n, MI', Wallace, and Dr. Willienison.
'l'I,at Oounniuoe Ims prescuted a Repo rt which Iras been approved
by the President uud Conncil, by whoee di rectio n [ herewith
tl':lllf;luit it ta JOli, tu be conunuu icuted to t1IC Lords C OIl! ­

lII issioliCrs of th e Adlllirolty in an swer to thcir Lordships'
iuquiry.

Nou ,.wa 3\XA. I t!i t .

I:caJ the followiug Lette!' :-

"A lll4lR.l LH ·, 2ï tlt Nurnnl.ter, l lli :!,

" Sm,- I mn couuuanded by My Lords Conuuieelo nere of the
Adlllil'u1ty 10 tlmuk you fol' J our connnunicat iou of the 2211(1
ills l~ll t, in regard to the objecte of rcsccrch whic li the Royal
Society have in view with reference 10 the intended voyage of
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H.M.S. • Challenger,' and to acquaint J OI1 that they are desirons
of affording to th e President and Couneil of th e Royal Society ,
es well as the Members of the Circu mnavigation Committee, an
opportunity of inspeeti ng th e ship, and the arra ngements made
with a view ta be r equipment for the service she is intended to
perform.

.. 2. My Lords tberefore invite those gentlemen to proceed to
Sbeemess on the Gth prox imo for the pu- pose of visit ing the
•Chal lenger ; ' and a saloon ccrriage will he ordered tc he in
readinesa te convey them ta tbat port by the 10.30 Â .) l. train
from Victoria Stat ion.

"3. The visitors will be ab le ta retnm by the 5.10 t rain from
Sheemess, and Iroe railwny passes will be provided for them
beth ways. They will alsc Le met by their Lordships' Hydre­
grephcr ou the occasion.

" 4. 1 am te request )·ou will inform mc, as saon as may be
convenicut, of the nu mber of the gentlemen who will avail them­
selves of th eir Lordships' inv itat ion, in order t lmt the propel'
number of t ickets may he procured.

.. 1 am, Sir,
.. Your obcdie ut Servant,

" HOBElcT HA LL."

Before the Expedition left England, D r. Will iam Stirl ing
resigned bis appo int ment as Naturnlist ; and Dr. Rudolf von
Willemoës-Snbm, Privat-Docent in Zoology in the University
of Munich, was appointed by the Admiralt y in his place, on the
reccmmendatlon of the Oouncil of the Royal Society.
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APPENDIX B.

93

Li3/. of tht Slalitm& in tlu A tlantic al w}"ûh Obsenations
tetrt takcn durill!l tlu Ycal' I Bi S.

Stat ion 1. December 30th, 1872.-L'lt. 410 57' N., Long.
go42' W. Depth , 1,125 fathoms. Nature of botto m, globigerine
ooze. 1ocality, about 40 nautical miles west of Vigo Bay.

Station n. J anuary 13th, 1873.- Lat. 38" ] 0' N., Long.
90 H ' W. Depth, 470 fathoms. Grey ooze. South of Cape
Espichel.

Second sonnding, saille dny.c.-Lat, 38° 5' N., Long. go 39' W.
Dcpth, 1,270 Iathoms. Globigerin e ooze.

Station I II. J anUIlT)' 15th.- L'lt. 37° 2' N., Long. g~ 24' W.
Uepth, 1,000 (a th0I115. Globigerine ooze. llottom temperature,
3°'S C.

Second sounding, same day-c-Lat, SGe 59' N., Long. 90 14' W.
Dcpth, 525 fatho tna. Globigerine ooze. Bottera temperature,
12°'0 C.

Thini eonnding, sa nie day.- L'lt. 37° 2' N., Long. go 14' w.
Depth, 000 fathoms, Globigerine D02e. Off Cape St. Vincent.

Stat ion IV. J anu nry 1Gth.- Lat. sc- 25' N ., Long. 80 ] 2' W.
Depth, 600 Inthoms. Globigcrina ooze. About GO miles south.
eest of Cape St. Vincent.

Station V. J anunry 28th.-Lnt. 35° 47' N., Long. 8" ~S' W.
Depth, 1,090 fathoms. GIobigerinn ooze. Bottom temperature,
3"'1 C. About 90 miles south-cast of Cape St. Vincent.

Station VI. -Ianunry 30t h.- Lnt. 36023' N., Long. 11° 18' W.
Depth, 1,525 fatho ms. Globigerine ooze. Bottom temperature,
1°·ü C. About 120 miles south-west of Cape St-. Vincent.

Stat ion VII. J auuary 31st.- Lat. 350 20' N., Long. 130 4' W.
Deptb, 2,125 fath oms. Globigerine. ooze. Bcttcm temperature.
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2°'3 C. About 230 miles south-west of Cape St, Vincent, ami
238 miles from ::\fadeira.

Station VII I. Fcbruary 12t11.-At the Canaries. Dcpth,
620 fath oma. Dark, sandy mud and dcnd shell s. Near the
south coast of Gomera. Island.

Station I. Februnry 15th.-Lat.. 27° 2-:1:' X., Long. 16° 55' W.
Depth , 1,890 fathoms. Globigerine ooze. Bot tom temperature,
~t·O C. Abou t 40 miles south of Tcneriffe Island.

Station I I. Fcbmnry 1ïth.-l .llt. 2:"')0 52' X., Long. 19°14' W.
Dcpth, 1,94J fatboms. Globigerine ceze. Bottom temperature,
20 '0 C. About 2(jO miles west of Cape Bojador.

Station II I. Februnry l Sth.- I..:tt. 2;"j° '.Hi' X., Long. 20· 12' W.
Depth , 1,525 fathoms. Itock. Bottom temperat ure, 2°'2 C.
About 160 miles south-west (J f the I sland of F erro.

Station IV. Februa ry 1Olh.-Lat. 2;j? 28' N., Long. 20? 22' W.
Depth, 2,220 fathoms. About 20 miles south-west of Stat ion
l IT., and 2.428 miles from Sombrero I sland, 'Ycst I ndics.

Station V. February 21st.-IM'\t. 2.J:? 20' N., Long. U O28' w.
Dcpth, 2,740 fath oms. Ited clay. TIott om temperature, 2°·0 C.
Distance from Sombrero Island, 2 220 miles.

Station VI. Fcbruary 2:h'ù.- J.at. 2~r 22' N., Long. 2i ?Ml' \V.
Dcptb , 2.950 fathnms. Jtod clay. Bottom temperat ure, 2?·0 C.
D istance from Sombrero Island, 2,O l ~ mile.'!.

Station VII. February 24t1l.-1.:1.t. 23?1!j' N., Long. 3D?;j (i' \V.
Depth, 2,ï50 fathoms. HI!d clay. l tottom temperature, 2°·0 C.
Distance from Sombrero Island. 1,841 miles.

Station VIII. Fcbruary 2;jth.-L-tt. 23?12' N., Long. 32? SG' W.
Depth , 2,800 fathorn s. Red d ay. Itottom te iupcrature, 2?·OG.
D istan ce from Sombrero Ialnnrl, 1,730 miles.

Station I X. February 2Gth.- I.at. 23° 2:r N. , Long. 317 10· W.
Dcptb, 3,150 fathoms. Itcd clay. Hottom temperature, 1°·!) C.
Distance From Sombrero I sland, 1,fi 07 miles.

Station X. Februery 28th.- l.at. 2 :~0 10' N., Long. 38°42'W.
Depth, 2,720 fnthoma Red clay. Bottom temperatu re, 1"!) C.
Distance from Sombrero Island, 1,411 miles.

Station XI. March lst.-Lat. 22° 45' N., Long. 400 37' w.
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Depth , 2,575 fathe ms. Red clay. Bottom te mperature, 2"1) C.
Distance from Sombrero Isl and , 1,'; 07 miles.

Station XII . ~rarch 3nl.-Lat. 21'" 57' x, Long. 43~ 29' W.
Depth, 2,02:'i Iathoms. Globigeriua ooze. Bo tt om temperature,
2~'2 C. Distan ce from Sombrero Island, 1,140 miles.

Stat ion XII I. :MaTCh 4th .-Lat. 2 l~ :lS' X., Long. 44~ 39' W.
Depth, 1,9UO fathoms. Globigerine DOZe. Bottom temperature,
1 ~' 9 C, Distance from Sombrero Island, 1,Oi -l: miles.

Station XIV, :'tIarch 5t h.- L'l.t. 21~ l' x, Long. 46~ 29' W.
Depth , 1,O;jO fathoms. Globlgeriua ooze. Bott om temperature,
1"8 C, D lstaucc from Sombrero Island, !l72 miles.

Station XV. ~Iarch 6th.- l .at. 20' 49' No, Long. 4S~ 45' W.
Depth, 2,325 fathoms. Red clay. Bott om tcmpemture, 1°'7 C.
Distance from Sombrero Island, S-!-! miles.

Station XYI. :'tlarch ï th .- L'It 20' 39' x, Long. 50~ 3:3'W .
Dcpth , 2,43"; fathoma. Red clar. Botto m temperature, r'7 C.
Dlstnucc from Sombrero Island, 744 miles.

Station XYI I. MaTCh Sth.- I ...at . 20~ 7' X., Long. 52" 32' W.
Dcpth, 2,3S5 fatho ms. It cd clar. Bottom tempe rature, r ·g C.
Distancc from Sombrero I sland, 6-:l2 miles.

Station XYIlI. '-Iarch 10th.-lal19"41' x, Long. 55~ 13' W.
Depth, 2,Gï5 futhoms. Red clay. Bctt om temperature, 1 ~'G ( '.
Distancc from Sombrero Island, 472 miles.

Station XIX. Mnrch I l th. - l ...nt, 1 9~ 15' N., Long. 57~ 47' W.
Uepth, 3,000 fathoma Red clay. Bottom temperature, 1 ~'3 ('.
Distance from Sombrero Is1:1.ul1, 344 miles.

Station XX. March 12th.- L'tt. i s- 56' X., Long. 59~ 35' W .
Dcpth, 2,Di5 fathoms. Red clay. Dottom temperature, 1~'6 C.
Distance from Sombrero I sland, 220 rnilca

Station XXI. Merch 13tb.-Lo.l lS~ 54' N., Long. 61°28' W.
Dcpth, 3.025 fath oms. Red clay. Dottom temperature, 1°'3 C.
Distance from Sombrero Island, 115 miles.

Station XXII . Mercb 14th.- Lat. ur 40' N., Long. 62" 56' W.
Dcptb, 1,420 fnthoms. Globigerine ooae. Bouom te mperature.
R"'O C. Sombrero Island 30 miles distan t.

Station XXII I. :Mnreh 15th. - Close to Sombrero I sland,
Deptb, 460 fathoms. Globigerina ceze.
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Station XXI V. .Match 25th.-North of Culebra Island, nene
St. Thomas. Depth , 3!}Q fath oms. Globigerine ooze, coral, nucl
broken shells,

Second sounding, same day.c-Dept h, 625 fathoms. Globi­
gerina ceze and coral. About 15 ruiles nort h of Culebra
Isl and.

Station XXV. March 26th.- Lat. 1 9~ 41' N., Long. 65° 7' W.
Depth, 3,S75 fnthnms. Grey ooze. About 85 miles north of
St. Thomas, and 754 miles from Bermudas.

Station XX VL ~rarch 2ith.-Lat. :Ho26' X., Long. 65" 16' W.
Dept b, 2,800 Iathoms. Grey ooze. Distance from Bermudas,
654 miles .

Stat ion XXVII. ) Ia rch 28th.- L1.t. 22"49' X., Long, 65° 19' W.
Deptb, 2,!)ÜOIathoms. Grey ceze. Botto m temperature, 1°'5 C.
D ista nce from Ilerruudas, ü(jô mile s.

Station XX \ ' II I. Match 2!llh. - Lat. 24° ~ D' K , l ong.
65° 25' W. D<'I,t11, 2,S,j l) fathoms. l te d clay. Il ottotn tempera­
ture, 1°'7 C. Distance ( NJIR Bermudas, 4,j a ruiles.

Station XXI X. ) Iarch :Ust.-Lat. 27° t !J' x., IJlIlg. ô....o fi9' W.
Depth , 2,700 (atlmln.';. 1:/:11 da)'. Ilot tom temperature, l °'li C.
D istance (tom Itennudas, 2f,(j miles.

Stat ion X X X . AIJl"i l tst.c-L nt, 2!.1' J'j' N., l.ong. (j;j O l ' w.
Depth, 2,000 fathoms. J:cII clay. Dottorn tempe rature, ]O'n G.
D istance (rom J ~:rmllfl a.<;, J ~' 1 ruiles,

Station XXXI. "l'l'il 3rd.- l ...nt. 31° 24' N., l.ong. (;;;°0' W.
Depth. 2,475 fathcms. Grey Oille. Bottom temperature, }"'7 G.
D istance 53 r uiles from Bermudas.

Station XX XII. Apri1 3I'd.-Lnt. ~n° 4V' N., Long. G4° 55' W.
Deptb, 2,250 futhoms. Grey 007.1). Bot tom temperature, 1°·8 C.
Distance from Bermud as, 26 miles.

Stat ion XXX II I. April 4th.- East of Bermudes. Depth,
435 fetbome. Coral clay .

Stat ion XXX IV. April 21st. About 18 miles north of Ber­
mudas. Depth , 1,375 fethoma Grey ocze. Bottom tempere­
tu rc, 3°'0 C.

Station XXXV. April 22nd.-Lat. 32° 3D' N., Long. 65° Q' W.
Deptb, 2,450 fath oms. Coral clay. Bottom temperanm-, 10·G C.
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Second soundlng, saille day.-Lat. 32~ 26' No, Long. 65° 9' W.
Deptb , 2,100 futhoms. Coral clay . Bot tom tem perature, 1°'6 C.

'l'hird sounding, same day.-Lat. 32° 15' K, Long. 65° 8' W.
Depth , l ,ü;:;O Iat homs. Coral clay. West of Bermudas.

Sta tion XXXYI. April 23rd.-Aùout 13 miles sout h-west
of Bermudas. Depth, 32 fathoms. Pcbblcs and stones.

Station XXXVII. April 24,th. - Lat. 32 ' 19' N., Long.
65° 3a' W . Depth , 2,650 fathoms. Grey ooze. Bottera tem­
perature, 1°'6 C. Bermu das distant 43 miles cast.

Station XXXVIII. .April 25th. - Let. 33° 3' N., Long.
G6° 32' w. Depth, 2,600 fathoms. Grey ooze. Rottom tem­
perature, l "S C. Distance l'rom Sandy B ook, near New York,
5G8 miles.

Station xxxrx. Apri12' th.-Lat. :3..1:" :l' X., Long. 67° 32' W .
Depth, 2,8,)0 Inthoms . Grey ocze. Bot toui temperature, 1"'8 C.
[I istnnce from Sandy Hock. 4DO miles.

Station XL. April 2St lt.- Lat-. 34' 51' X., Long. 68° 30' W.
Jtepth, 2,675 fathoms. Distance from Randy Hnck, 420
miles.

Statio n X LL April 2a th.-Lat.. :Hio 5' X., Long. 6ao 54' W
Distance from Sandy H ook, S2-! miles.

Station XLI I. Apri l 30th.- Lat. :35° 5R' X., Loug. iO° 39' W.
Depth, 2,425 futhoms. Gre} 00;';13. B u ttOlLl temperature, 1°'8 C.
J ) i ~ la ll cc From Snndy Houk, :H18 miles.

Stat ion xu n, May I at.c-Lnt, ::HjO2:1' X, Long. 71° 51' w.
Xo bottom at 2,üOO fathoius. Lo wcs t temperature, 1°'8 C. Dis­
tan ce from Sandy H ook, 2G~ miles.

Stntiuu XT.lV. l'fay 2nd.- I,at. n ° 25' N., Long. 71° 40' W.
Depth, l ,ion Inthoma. Urey OUZI'. ltottom temperature , l "ï C.
Distance from Sandy Hook, 2UH urilea.

Station XLV. May 3rd.-Lat. :{S' ~H' N., Long. 7S' 10' W.
Depth, 1,240 futhoma. Sand and mud. Bottom temperatur e
2°'4 U. Distance l'rom Sandy H ook, 139 miles.

Sta tion XLVI. May 6th.-L'l.t·. 40° 17' N., Long. Dû" 48' W.
I tepth , 1,350 fubhoms. Sand und mud. Hottom temperature,
2°'3 C. Sout h of Little George Hank.

Station XLVII. May 7th.-·LA.t. 41° 15' N., Long. 65° 45' W.
Il



98 TJ1E .A TL AN TIC. [ CIl Ar. r.

Deptb, 1,340 fathoms, Sand and mud. West of Litt le George
Bank.

Station XLVIII. May 8th.-Lnt. 43· 2' X., Long. 64· 2' W.
Depth, 75 fathoms. Bock. On Le Haye Bank, and about 90
miles south of Halifax.

Station XLIX . May 20th.-Lat. 43~ 3' N., Long. 63" 39' W.
Depth, 83 fathoms. Stones and gravcl. Bottom temperature,
r 'B C. On the eastern edge of Le Haye Bank, and 651 miles
north of Ber mudas.

Stat ion L }fay 21st.- Lal oize 8' N., Long. 63· 39' W.
Depth, 1,250 fetboms. Grey ooze. Bottom temperature, 20'7 C.
Distance from Bermudas, 5% miles.

Stat ion LI. ) Ia)' 22nd.-L'1t. _li" I D' x, Long. 63° 1 ~ ' W.
Depth, 2,020 fathoms. Grey eoze. Bott cm te mperature, 1""5 C.
Distance from Bermudas, 5,jO miles.

Station LU. ) Iay 2~n1.-Lat. 39' 44' x, Lo ug. 63· 22' V:.' ,
Depth, 2,800 Iathoms. Grey oozc. Bo u om tcmpernture, 1°'5 C.
Distance from Bermudas, 4,j(j miles.

Station LI lI. :;'\ ray 2(jth.-L·ü . ~ljO 30' x, Long. Il~o 40' W.
Depth, 2,650 fathoms, Grey ooze. Bottom temperature, 1°'8 C.
Distance from Be rmudas, 2fH r ui les.

Station LIV. ::Uay 27t1l.-1.at. 34~ 51' K , I..on~. G3° 5~' w.
Dcpth, 2,650 fathoma. Urcy ceze. Distance (Will Bermudas,
162 miles.

Station LV. )orny 28th.-L'lt. 3:\" 20' K., Lo ng. tj.l° 37' W.
Depth, 2.500 fathom s. Grey oozc. Position, GG miles north (If
Bermudas.

Second eounding, samc 11ay.-I..at, 32' 4(j' ~., l ,(mg:. (,40 3f!' W.
Depth , 1,775 Iathoms. Itock. lk.ttom temperuturc, 1°'7 C.
32 miles north of Bermudas.

Sta tion LVI. May 29th.-Eastward of Bermudas. Depth,
1,325 Iathome. Coral clay.

Second sounding, eame dey.c-Depth, 1,075 fathoma. Coral
clay. Bottom temperat ure, ~J o' 2 O.

~tation LVII. May 30t h.--.l.loundingfl round th e sout h-west
eide of Bermudas Reef. }' iret sounding, 690 fathome. Second
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eounding, 1,2;';U Iathoms, Third sonuding. 1,5.5 fathoms. West
of Bermudas.

Stat ion LY III. J une 13th.- L'll ~2" :l7 ' X., Long. 64- 21' W.
Depth . 1,500 Iathoms, Grey ooze. Bottom temperature, 2"'3 C.
East of Bermudas.

Station LIX. June 14th.-Lnt. 32~ 54-' x, Long. 63- 22' W.
Depth, 2,360 fathoms. n rey ooze. Bottom temperatur e, 1-'7 G.
Distance from Fayal , Olle of the Aaores, 1,7.20 miles.

Stat ion J.X. Ju ue I ûth.c-Lat, ::14- 28' x, Long. 58~ 56' W.
Depth, 2,575 fathoms. Grey ooze. BOt tOlU temperature, 1-'5 C.
Distance from Fayal . 1,482 miles.

Station LX I. June 17th.- Lat. 34' 54' R , Long. 56~ 38 ' W.
Depth . 2,8;:;0 Iat homs. Grey oozc. H...t tour temperat ure, 1-'5 l'.
Jnstence from Fayal, 1,3;j f) miles.

Station LXII. .l uue ISth.-l.o'1 t. ;~ :i~ 7' X., Long. .52'" :\2' W.
J>epth, 2.875 Iathoms. Grey OOZI' . Bct tcm temperature, 1-'8 G.
Distance from Fa yal, 1,175 mil es.

Station I.XII I. .Iune 19th.-1.Rt. ~;). 29' X., Long. 5,,-53' W.
Depth, 2,7:iO fathom s. Gre)' ceze. Distance (rom Faynl , 1,07;
ruiles.

xta üon LX 1Y. .rune 20111.- r ~ \ t. :J;; . ;1,)' X.,Lo ng. :i0· 27 ' W .
Gre)' ooze. Distanc e from Fuynl , LOt,,; miles.

Stnf.ion LX\'. J Ulie 2 Ist.- J..'lt. :ll;O:t~ ' X .• Long. 47° fiS' \\".
Depth, 2,700 fatho ms. GI'<')' OOZl' . Butt oln tem perature, 1""; C.
Il istance Imm Fayal, flliO m iles.

Station LXVI. J Uill' 2~ml.- Lat. :~;~ :H ' N.. Long. 4·r U" W.
)k-pth, 2,j;; 0 futhoms. Gre)' {)lJZt' . l jcttom tempe r ature, 1-'8 C.
'li!itallce Inun Favnl ï~O miles...

Station I.XYlI. .Inue 231'l.1.-1.a t. :~ ;~ t.4' X., Long. 41- 44' w.
] lcpth, 2,700 futhcms. Grey ooze. Bouom temperatllre.l-·8 C.
l tistance from Fayal, (iOti miles.

Station LX YI I I. J une U th.-Lat. ::8- a' N., Long. 39- 19' \Y.
Depth, 2,175 Iutho ma. Grey OOZl'. TIottom temperature. 1-'(i C.
JH!itance fro m Fayal , 4!)û tuiles.

Stnbiou LX IX . Ju ne 25th .- I..a t. :ur 2;]' x, Long. ::7° :.l I ' w.
Itopth, 2,20U fnt hum s. Grey oozo. Bouoru temperature, 1°'7 G,
Dletaace from Fnynl , 404 ruiles .

" 2
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Statiou LXX. J une 26th.-Ùll 38" 25' N., Long. 35" 50' W.
Deptb, 1,675 fathoms. Globigeriua ceze. Distance from Fayel,
332 miles.

Station LXXI. J une 2'jth.-L1.t. 3S~ 18' N., Long. 34" 48' W.
Depth, 1,675 fathoms. Globigerine oozc. Bottom temperature,
2"'2 C. Distance from Fayal, 284 miles.

Station LXX II. J une 28th.-Lat. 383
3t· ~.•Long. 32"47' W.

Deptb, 1,240 fetboms. Globigeriua ooze Dottom temperature,
2",8 C. Distance (rom Fap l, 210 miles.

Station LXXI II. J une 30tlL- l.al38' 30' N.,l.ong. :n" 14' W.
Deptb, 1,000 fath oms. Globigerine ooze. Bottoni temperature,
3"'7 C. Distan ce from Fayal , 114 r uiles.

Stat ion LXX I\·. J lll.r I st.c-Lar. 38' 22' X., Vlng:. 29" ;,li ' W.
D eptb. 1,3;J0 fathoms. GIIJ1 J jgt~d ll:L ceze. Distance l'rom Fuyul.
l G miles.

Station LX XV. .fuly 2IH1.- Lat. :lS' 3T X , L ong. 28~ 30' W.
Depth, 450 futhome. Volcanic sand, dead ehells, und coralc
Betwcen Fayal nnd I'i eo.

Station LXXYL .July 3nl.-J_'\t. 3W I l ' X., Long. 2ï 9' W.
DeV1h, 900 faUlOln.'1. GloLi:;eri llR one. Ik.ttom te mperature.
4°'2 C. South (,f Terceira.

Station LXXYIJ . .Iuly -lth.- Lat. 3ï~ ;;2' K , t....mg. 2(j~ 26' W.
Dep th, '150 Iathoms, I toek. A\}(Jll t 30 miles westwnrd of S<'\ 11

Miguel.
Station LX X VIu. J uly 1nUL-Lat. 3 '1 0 20' N., Long.

250 Hi' W. Dcpth, 1,iJOO Iathoms. Globigeriun ooze. AlJout
m id way 1.JetWCCli EIl.<;t l 'oint fI l' San l'li J.lucl JUill the Island of
Sta. Maria.

Station LX X IX. ., Illy ll th.- t' lt. ;j(,' 21' K , 1.0111:;. 2:r :H' W.
Deptb , 2,025 faLhoms. Globigerine oozc, Itot tom temperature,
r '5 C. Distance from Madeira, 376 miles,

Sta tion LXXX. J uly 121h.-lat. 350 3' N., Long. 21°25' W.
Depth , 2,660 fath oma Globigerin e ooze. Bot tom temperature,
1"'8 C. Distan ce from Madeira, 256 miles.

Station LXXXI. J uly 13th.- Lnt. 340 11' N., Long. 190 52' W.
Depth, 2,675 fathoms. Globigerine (JOze. Bottcm temperature,
2"'1) C. Distance from Madeira, 171 miles.
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Statio n LXXX II. J uly U th.- Lat. 33° 46' N., Long. 19° 17' W.
Depth, 2,400 Iethoms. Globigerine ooze. Bottom temperature,
1°·8 C. Distance (rom )'Iadeira, 116 miles.

Station LXXXIII. JuI)" l !'ith.-Lal 33° 13' N., Long.
I SO13' w. Depth, 1,650 Iathoms. Globlgerina ooze. Bcttom
temperature, 2°'2 C. D istance (rom :Madcira, 52 miles.

Sta t ion LXXX I V. July 18th .- Lat. 3Uo38' N., Long, I SO5' W.
Depth, accordiug to a sounding on Aùmiralty Chart, about
2,400 fathoms. Distance (mm St. Vincent, 920 miles.

Station LX XX V. J nly 1Uth.- Lat. 2S~ 42' N., Long. I SO6' W.
Depth 1,125 fathoms. Volcanic sand. On' Palma Island, Canaries.

Stat ion LXXXYI. J uly 21st. - Lnt. :?;)' -!ô' X., Long. 20"34' W .
Dcptb. 2,300 fathoms, Globigerine ceze. Dottom temperature,
1°'8 C. Westwcrd of Stat ion III., aud about (;00 miles from St
Vince nt,

Statio n LXXXYI I. July 2Is L-I..:\t. 2;)° 49' N., Long.
20~ 12' W. Depth, 1,G; .) fathouia. Black coral and rock.
Aoollt.Jo miles north of Station I ll., nud GOO miles from St,
Vluccnt,

Station LXX XY lI J. J uly 2:21111.-1.nt. 23° 58' N., Long.
21° 18' W. Dcpth , 2,300 fathoms. Globigerine ceze. Bct toru
tempcmture, l"ï C, Distance from St. Vincent, 478 miles.

Station LXX XI X. July :231'11.- Lnt. 23~ 18' N., Long.
2:]' ~ l ' W. Dcpth , ~, -10() fathorus. Globigerine ooze. Bottom
tempemtnro, 1°'8 C. Distance from St. Vincent, 3G2 miles.

Station X U. J uly :?-1th.-l,a t. :W~ 58' K , Long. 2~ 57' W.
Depth, 2,..100 Iathoms, Globigerinu oozo. Bottom temperature,
1· ·8 C. lJi stnnce from St. v iuccat, eus miles.

Station XCI. Jnly 25th.- I•at, l!JO 4' X., Long. 2..1° 6' W.
Depth, 2,075 farhome. Globigerinn ooze. Ijouom tempe rature,
1°'8 C. Distan ce from St. Vincent, 144 miles.

Sta t ion XCI[. July 26th.-I...nt. I r 5-1' N., Long. 24° 41' W.
Deptb , 1,975 fathome. Globigerin e ceze. Distan ce (rom St.
Vincent, 61 mil es.

Sta tion XCIII. Jul y 27th.-Bctween San Antonio and
St, Vincent, Cape Vcede I slands. Depth, 1,070 Iatbome, Vol­
came Band.
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Second sounding, sallie day.c-Deptb, 1,ÜUOfuthoma. velceuic
saud.

Thinl souuding, saille day.-lh~l't lt , 4G5 Cathoms. Yolcauic
sand. Bo ttom tempe rature. 6~'2 C.

Fourth eounding.c.-Depth, 5:! fatho ms. Ooral,
Station XCIV. August 5tll.- Soli. th·wcst of St, Vincent.

Depth, 103 Iathoms. Coral.
Second soundiug, saine day.c-Deptb, 85 fathoms. Coral and

ehells.
Thini eoundiug.c-Deprh, züu fathoms. Yclcauic sand.
Fourth sounding.c-Depth. Gï 5 futhoms. Volcanic sand.
Fifth sonnding.c-Depth, l ,l vO fathoms. Grey ooze.
Station XCV. Au:;ust l Oth.-Lat. 13° 3(i' N., Long. 22°40' W.

Deptb, 2,300 fathoms. Globigcrlna ooze. Bottom temperature,
1°'8 O. Abolit ~O miles south of S. lag'l, Cape verde Islands.

St ati on XCVI. A u:;u '>l l lt h.- Lat. 12° Hi' N., Long.
:!J 3 28' W. Distance From St. I'aul's Itocks, 801 miles.

Stat ion XCVII. ,A lIg u.~ t l :lth.-L.'ü. 10' 2;j ' X., Lo ng.
20° 30' W. Depth , 2,:jj;j fa t h (II J1 ~. Globigerina OOlt~_ Bottom
te mperature, 1°'8 C. W est of the n ij uuga Islands, \\'~t Coast
cf Africa.

St ation XCVII I. AUriu;.;t 14th.- Ln.1. !f 21' X., Long. 18' 28' W.
Depth, 1,750 fathoms. t;l ohigerillll (Joze. Ijottnm temperatur e,
2"0 C. West of the Isles Il l: 1I)f>, W est Coast of Africa.

Sta ti on XCIX. AUriu:4 1iiL1l.- l.ntl 7° 5:;- X.•Loue. 17' :W' W.
Olf Sierra Leone. Tempemm r e stllllllliug ouly tnke u to ~/)U

Ie thoms.
Station C. A I1 ~.," l f>t IGth.- I...al. 7' l ' K , Loug. 15" bri' w.

Depth, 2,42;j fati whls. TI) t ll<,: sout h-west flf Siel'I'a Le one.
Station Cr. A Uriul>t l ~t1 I _-Lal. r;' 48' N., Long. 14° 20' W.

Deptb, 2,500 fathoms. Black mud. Bottom temperature,
r '7 C. Off Cape Meeurad o, West Cons t of Africa.

Sta tion CIl. A ugust 21st.-l.al 3° 8' N ., Long. ]4°49' W.
Deptb, 2,450 Iathoms. Grey 00l,C. Bottom temperature,
}"-7 C. Off Cap e Palmas, West Coast of Afrl ca, and 884 miles
lli"ta nt from St. I'aul'e Rocks.

Station CIU. August 22Ilù.-Lat. 2" 49'N.,Long.lï 1:1' \\'.
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Deptb, 2,47;}fathoms. Dark sandy roud. Bottom temperature,
l Oi) C. Distance from St. Peul'e Rocks, 738 miles.

Station CIV. August 23rd.- Lat. ~ 25' 1\., Long. 20" l ' W.
Deptb , 2,500 fathcms. Grey ooze, Bottom temperature, 1°'7 C.
Distance froro St, Paul'e Rocks, 568 miles.

Station CV. August 24th.-Lat. 2' 6' N., Long. 22° 53' W.
Uepth, 2,275 fathoms. Gre y ooze. Botteur temp erature, 1°'4 C.
Distance from St, Paul's Rocks, 428 miles.

Station CVI. August 25th.-Lat.. 1° 47' N., Long. 24° 26' W.
Depth, 1,850 futhoru s. Globigeriu n ooae. Bottom temperature,
1°'8 C. Distance from St, Paul'e Rocks, 301 miles.

Station UVII. August 26th.-Lat. 1° 22' X., Long. 26°36' W.
Deptb, 1,5UO fat homs. Globigerlna ooze. Bottom temperat ure,
2"8 C. Distance from St. I'eul's Rocks, I G9 miles.

Station cvr n. August 27th.- L-lt . 1° lU'X., Long. 28"23' W.
Depth. 1,!IOO fathoms, Globige rine ooze. Bottom tem pereture,
2"1 e. Distance (rom St. I'nul's Rocks, 37 miles.

Stat ion CIX. August 29th.-Westwaro of St. Paul's Rocks,
~G miles. Dcpth, 1 ,4~j fnthoms. Globlgeriue ooze.

Station ex. AlIglls.t 30th.- Lat. O· 9' N., Long. ao' 1S' \V.
Dcpth, 2,275 fatho ms. Globigerina ooze. Bottoru temperature,
oo.!) U. Distance from Fernando Noronha, 2G5 miles.

Station oxr, August 31st.-L'l.t. 10 -15' S., Loug. 300 58' W.
Dcptb, 2,4ï 5 fathoms. Globlgeriue oozc. Bottom temperature,
0°'2 C. Distance from Fernando Noronha, 132 mil es.

Station cxu. Scptcmber lst.-Lat 3° 33' S., Long. 32°16' W.
Deptb, 2,200 fatho ms. Globigerine ceze. Bottom temperature,
0"'5 C. About 22 miles north-east of Ferua udo Noronha.

Stat ion CX II l. Bcpto mber 1st.- Close to Fernande Noronhe.
Depth, 1,010 Iathoms, Rock. Bot tom temperature, 2°'8 C.

Station exIV. Septer ubcr 3rd.- Lnt. 3° 58' S., Long.
3:r 42' W. Depth, 820 fur longe. Itock. About 13 miles
cast of Fern ando Noronha.

Stat ion UXV. Soptember 3rd.-Lat. 4° 2' S., Long. 32° ·11' W.
Depth, 2,150 fnthoms. Globigerine ceze. About 19 miles south­
west of Fernando Noroulie,

Stat ion CXV I. September 4th .-Lat. 50l' S., Long . 33° 50' W.
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Depth, 2,275 fathoms. Globigerine ooze. Bouom temperature.
0"'7 C. About 90 miles east of Cape St, Roque.

Station CXYII . September 6th.- J..nt, 5° 5G' S., Long.
34" 45' W. Deptb, 1,3i ;J Iathoms. :\[IIll. About 130 miles
1l000th of Peruambuco.

Station CXYIII. Septcmber Stll.- Lat. 7" 28' s, Long.
34° 2' W. Depth , 2,050 fath oms. Mud. Bottom temperature,
1"'1 C. Off Parahybe.

Station CXI X. Septembcr 8th.- lat. r 39' S., Long. 34" 12' W.
Deptb, 1,650 fn thoms. l'l lll!. Dottom temperature, 2"'-3 Ù.

Distance from I'emauibuœ , -lï miles.
Station CXX. September 9th.-Lat. 8"37' S., Long. 34" 28' W.

Depth, 675 fathoms. ~I ud. Distance from Cave San Antonio,
Bah ia, 3f10 miles.

Stati on CXX I. Septcuibe r !Jt h.- Lat. W 28' S" Long. 3-1" 31' W.
Deptb, 500 fathours. à lud. Off Cape Son Agostinho.

Station CXX II. Scptember l Oth.- Lat. D' 5' 5., Long.
3-1'> 50' W. DC1!th, sso fathoms. Sand.

Second scundin g.c-J.a t. !J' Jl}' K, Lo ng. 34'> 32' W . Depth,
120 fatboma Coral und sand,

'I'hird sounding.c-Lat. !f !J' s., Long. :14'> 53' W. Depth, 3:!
fathoms. Coral sund.

Fourth sounding-c-Lat, ~, ' 10' 8., 1I111g:. 34 '> ;{!J' W. Dcptlt.
400 fathoms. Sand an d 1l1l UJ. Uff l'oint Calvo.

Station UXXIl I. Scptcmlcr ll th.-Lat. 10" !J' 5., Long.
35" 11' W. Depth, 1,715 futhoms. i\l ud. Bottom tc mperuturu,
2'>·:'1 C. on' MaccilJ.

Station CXXIV. Septemler 11th.- J':lt. 10'> Il' S., Lo ng.
35" 22' W. Dcptb, 1,IiOO Iathoms, Mud. Distance from Calle
Sen A ntonio, Bahia, 2!)1 miles.

Stat ion CXXV. Septemler 12t1J.-l.at. 10'> 4ü' 8., Long.
3G" 2' W. Dcpth, 1,200 fathoms. :\Iud. OIT the mouth of
the River San Francisco.

Stati on UXXVI. Soptembcr 12th._Lat. 10'> 4G' S., Long.
36° 8' W. Dcpth, 770 futhom a 1\l l1ù.

Second eounding.c-Lat, 10" 45' s., Lo ng. 3G" !)' W , l1epth,
700 fathoms. 1\IU(1. Off the mouth of th e Hiver San Frencieco.
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Station CXX\' II. Septeruber 13tll.- Lat. 11" 42' S., Long.
3'r 3' W. DC1Jth, 1,015 fathoma. Mud. Bot tom temperature,
:~"':3 C. Distance from Cape San Antonio, Bahia, about 120
miles.

Station CXX\' III . September l-Ith.-L-lt. 13" 6' S., Long.
38" 7' W. Dep th , 1,2i5 fatboru s. :\Iud. Off the Cape Sail
Antonio, Ilahi n.

Station CXX I X. September 30th.-L-\t. 20° 13' S., Long.
3it Hl' W. Dcpth, 2,150 fathoms. Red rond. Bottom tem­
peratnre, 0"'6 C. Distance (rom Tristan d' Acunba, 1,572 miles.

Stat ion CXX X. October :31\I.- I..nt. 26~ 15' S., Long.
32" 56' W. I reprh, 2,3;)0 futhoma. Red ruud, Bottom tem­
penture, 0"'8 C. Distance from Tristan d'Acunba, 1,235 miles.

Stat ion CXXX I. Ocrobcr ûth.c-Lat, 2!J' 35' S., Long.
2~ 9' W. Depth, 2,2;5 fathours. Globigerine ooze. Bott eur
temperature, (f" j C. Distance (rom Tristan d'Acunha, 912
ruiles,

Station CXx.X II. October 10th .-I.o'lt. 35" 25' S., Long.
:!3" .Iu' W. Depth, 2,050 fathoms. Globigerine ceze. Bottom
tempemture, 1"'1 C. Distance fro m Tristan d'Acunba, 561 miles.

Station CX XX IIL Octobcr 11th.- Lat. 35" 41' S., Long.
20" ':;0' W. Dcpth, 1,000 fathums. ttlobigeriua ceze. Ijottom
temperatu re, 1°'3 C. D istance from I naccessible Island, Tr istan
d'Acnuhn gronp, ·nomiles.

Station CXXX IV. Octobcr 1-lth.- Lnt. 36° 12' S., Long.
12

0

I lj' W. Uupth, 2,025 fathoms. t tlobigcrinn ceze, Bottom
temperature, 1°'(j C. Abou t ':;O ruiles 1101'lh of Tr istan d'Acnuh a.

Stntion CXX XY. October l Sth.c- Jtctwccu Xightiugale Islnud
nul! Tristan ~l'Acll llha . Firs t souudiug, depth, 1.000 fathcms.
Shells and rock. Second soumling, dopth, 1,100 fatboms. Thini
soumlillg, dcpt h, 550 Iathoms.

Stat ion e XXXVI. Octobcr 2Ilth.-I..nt, 36° -l3' S., Long.
7" 13' W. Dcpth, 2,100 fathoms. Itock. Bottom temperature,
1 ~ ' L C. .l.Jistnuca Irum the Cape of üood Hope, 1,293 miles.

Station CXXXVlI. Octobor :!31't1.-]..nt. 35· 59' S., Long.
1" 34' K ]lelJth , 2,[150 fatboms. Ited mud. Hottom tempera­
ture, 0°'7 C. Dietence from the Cape of Good Hope. 850 miles.
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Station CXXXVIII. October 25th.- Lnt. 36° 22' S" Long.
S" 12' E. Depth, 2,650 fathome. Red mud. Bcttom tempera­
titre, 1°'0 C. Distance from the Cape of Good Hope, 519 miles.

Stati on CXXXIX. October 2ïth. Lat. 35° 35' S., Long.
16° 8' E. Depth, 2,325 fathoms. Black mangaaeee and grey
roud. Bottom temperature, 0"'5 C. Distance from the Cape of
Good Hope, 138 miles.

Station CXL Octcber 28th.-LaL 35° 0' S., Long. I r 57' E.
Depth, 1,250 Iathoma Grey mud. Off the Cape of Good Hope.



CHAPTER II.

FROll PORTSlIOUTH TO TEXERI F FE .

Departure from England.-Rough weather in the CltllDnel.-Lisoon.
- Trawliot-( in deep watee.c-Deep-wetee F is!les.- Surface animaIs.
-GibralLu .- CydolOma ~ptUlIi.-Venull' Flower-basket.-Kare-
,ilJ t"Y"thlll.- T118 •Clustered Sea.·poJype.'- ) (adeira.- Tempera.
lure Obseerat ione.- ) Id corol <>-,;ica1 Observa t ions, - Teneriffe.

AI'n:sDU: A.- PllrLÎculars of ])81ItL, Temperature, and Position at
the Scuudiug Stations betwcen Portsmouth and Teneritfe j the
Temperatures eorrected for pressure.

ArPExDI]: n. -Com p:uat i\"c Table of the InJ ications of • Stevenson's
Mean Thc'nnometcrs,' anù the oN in,ur Maximum and Minimum
Thermometera in Air, for the six montba {rom th e ht Mas 10 the
:sls l October, 187:\,

WE wero wcll aW3 l'C tha t wc hnd iuuuy ùifficulties to
contend with bcforc wc could gct 50 compltcated a
system into full work lng 0\'(1(,1'. There seemcd, nt
first, to he special dillicult y in dl'cdging an d tnk lng
decp-seu. observations front su large a ship. 'l'he roll
of the ship, hcr hcight ubove the wnter , and her
wnnt of Ilcxibility of movcmcnt whCil comparcd with
vcssels which harl prcviously bccu used fol' t he pur­
pose, raiscd new questi ons as to methode of working
whleh it would rcquirc sorne t iruc to scttle, and it
would Iikcwise take seme t ime before each of us fell
into his place and laid out a li ne fol' himself as part
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of a general progl'nmme. " ...e tb cre ïore determined
l'cry carly in the cru ise to consider cverything done
during th e ,"ojage from Englaud to the Cnnary
I slands as tentative and in troductorv, and to regard
the first sect ion a Cl'OS S th e Atlantic, from 'I'eueriffe to
the "~est I ndics, as the commencement of the tru c
work of the ex pediti on.

D ecember 30/1l.-In th e Icrenoon, the wcather was
much more morlcrntc, and the Iirst soundiug wus
takcn off the cnnuucc of' Yigo Bay at u depth of
1,125 fat homs, wit h a hot tom of • glohigerina oozc '
rich in coccolitbs und coccosphcrcs. 'l'he drcdgc wus
put over, but t he sen mi s still tao high and it came
"1' capsizcd. L uter in t he claj" a second attcmpt was
made with sumcwhut grcu tcr succcss, but the Humber
of specics prccurcd wus small : th e most rcmurknblc
nmong them a flue specimen of JJ!I /)u! lw 8Iel ' niem­

bmnaceus of a rich crimsou colom' an d upwurds of
70 mm. in diruuctcr. 011 th e l st of -In nunry, l Bï3.
we tricd t he dn..xlge ag-ain , in wutcr of modemt e
depth off Cap e )[onde;,"f), IlIIt the wcnther wus st ill
t oo boistcrou s und the uttcmpt wus unsat isfuctory :
and on the 21111 , drcdgillg' a t a dcpt h of 1,U7Ü Iuthorus
a HUll' ta the ~' ."' , of t he Ihn-lings, the drcdgc t'ouled
somet hing at the bottom, un unu su nl occurrence in
such deep wuter, und cnrricd uway.

On the 31'<1 of J :luuar)" ail O U l' troubles 'l'cre ovcr
for the timo. Passing Cnpc Itocu und t he beautiful
hcigh ts of Cintra , wc stcamcd slowly up tho Tngus,
past t he st rnggling suh urh of Lishon with it s mnny­
colourcd vill as scuttcrcd ovcr the slopcs ; paet t he
won derful Castlc of Hclcrn, with Its elegant propor­
tions and rich ornament-a record of t he skill and
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refined taste of the old master-masons ; past the new
Palace of the Ajuda, the present residence of the
Kine-i-a laree plain building, in a cer tain sense hand-

0 0 .

sorne, bu t sadly inferior in t oue ta the little square
Keep by the side of the ri ver.

Prn, l n.-lIu1em Cas tle, Lisbon .

About midday we 'l' cre moorecl in th e 'l'agus 011'
the town. Several of us went on shore, and took up
OUI' quarters at the Hôtel Bruganza, where we were
Y~ry cornfortable, and enjoyed greatly the splendid
YIeW over th e town and river. Sorne went to Cintra,
th ough we were at Li sbon at t he \VOl' t season of the
ycar fol' count ry excurs ions, whilo ethers spent their
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time in seeing what was mo t intercsti ng in the city
and its immediat e neighbourhood, and resti ng aft er
the fatigue of' our earIier exp eriences at sea.

There is a gem of' Gothie-Moresque architecture
near Lisbon- the monastery and church of Santa

VIO. 20.- 1'ho Porch of Suntn Mnrln, Belem.

Maria at Belcm. One or t wo of us walkcd th ore one
lovely Sunday aft ernoon. 'l'h e porch of th e ch urch
is Gothie, and ri ch beyond description. Up to th e
very roof of the ohu rch every pinnacle und buttress,
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and even the fiat portions of the wall, are enerusted
with ornement, 'l'he carvings are singula rly eaay
and varied. They arc executed in a pale brick-l'cd
Iirncstonc, which scems, unfortunutely, t o be suffer­
inf: a good deal from the effects of air and rain.

The interi or of th e church is even more pleasing
than the extcrior. H ere t here is no excess of oma­
ment, but simple, delicate shafts of pale grey marble
support , with all th e airiucss of effect of ~Ioorish

architecture, a wonderful ly carvcd and fretted Gothie
roof. Service was going on whcn wc were therc .
'Thé chul'ch wns cool and dim, and t he clenr sweet
voiccs of the choristers rose and fell along the aisle,
and seemed to linger in t he roof amo ng t he sculp­
t ured pnlm-lcavcs. 'l'he hig-h nltar, with it s lighted
candies and vases of flowcrs, and the r ich robes of
the officiat ing priests, Iormcd a wnrm patch of colom'
sh'ollgl:r in contrast witb th e cold simplicity of t he
grey marhle. A sumll flock of worshippers, whose
strongly-mnrked olive faces and pictu resque attire
hnd to us ail t he iut erc st of ncvclty, made up fol'
thcir Somali uumbcr hy th e apparent earnes t uess of
thcir devotion. 'l'he wholc sconc struc k us as being
wondcrfu lly lmrm onious and plensuut.

'l' he monnstcry of Santa Hnrin of Belcm, corn­
monty cnllcd tbc Monnstcry of St. .lerouymc from it s
having hcen oecupied hy monks of that order, is in
connection with the chu rch, and, with it, was fouudcd
in ~ 'tOu by King Mnuoel the For tuuate in commemo­
ration of t he discovcry of th e I ndics, on t he spot
where Ynsco da. Gam a cmbnrked on his flrst eastern
voya::;-c.

The monastery is now used as aState nsylum for
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upwards of a thousand pOOl' children. Visitors arc
admitted to the cloisters at three o'clock, and as that
hom' had DOt arrived we were turning away from
the door, when a ser vitor opened it and invited us to
ente r.

W e passed through an archway into a large quad­
rangle with the sun shining brightly into it. Flower-

PlO. 21.- Qllndrangle of UIC MOIIIlHtcry of Suuta Muria, BcJcJII.

beds occupied the centre of the square, eut out in
various shapes, and separated by neat, t rirnly-kept
gravel walks, 'l'he beds were planted with oranges
and bananas, and clumps of aloes with t heir r ich
crirnson spikes, alternating with the cool, wh ite cups
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of t he calla ; while heliotrope anrl jasmine, and many
aromatic fiowering shr ubs and herhs, sent up an
alrnost oppressive fragrance into t he warrn still -air.
W hile wc were th erc several beautiful hawk-rnoth s
were hover iug over the flowers un d di ppi ng t hci r
long- trunks int o t heir bel ls,

1"•.0. :!:.!.- f; luistcl'l'S of th e ,:\ lollaslcry or Santa )I nrin, Beleru.

AU round the Cl uadran gle runs a double ti er of
eloisters, supported by low , grn ccf'ully proportioned
nud richly ornnmentcd arc hes - a kind of compromise
botwocn the lIio orish nnd the Goth ie.

'l'ho stone is a ligh t pink cnr boniferous ' l imostone,
nlrnost a mm-ble, with ma ny fossils; and in soma
places the elega nt forms of tho iui bcddod shclls have

r
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been reproduced by the sculpter, and the nautilus
and the goniat ite of th e eIder times, and arabesques
und hom s of plcnty, and th e chnbby faces of Christi an
cherubs, blend in th e creation of the old urclritcct
Iike t ruth and fiction in the drenm of a poet .

Behiud the cloisters arc the l' DOmS of the semlaary,
and the cloisters are hung wit h neatly-designed pro~

grammes of the courses of study, and lista of th e
successful candidates for honours at var ions examina­
ti ans. Wc were invited to sec the ScllOOI, but we
declined. The pupils wcrc at dinner, and wc lingered
about the silent quadrangle rcluctnn t to lcavc it-it
wus 50 swect and st. il l. I am snrprised that wc do
not heur moro of t he monnstcry and churc h of Santa
"Maria of Belcm, fol' our lit t lc party, ail of whorn hnd
nlreudy seen man)' t hings in all parts of th e world,
agrced that it "':15 uuusuallv plcnslng .

Th ere arc many thlngs in Lishon to intcrest 'phi­
losophers ' as OUI' nam l fricnds call u s.c--not l feur
from the p rH}lc l' feeling of respect . hut rather with
good-natured indul gence, hocaus c we arc fond of t alk­
ing vaguely about "evolut ion,' and ot hcrwisc holding
on to loose rares; ami bec ausc our ed ucat ion has becn
sadly neglccted in the matt er of cringlcs nnd togglcs
an d grummcts, and ot lu-r implements hy menus of
wh ich E ngland holds 111 '1' plnco nmong the nations.

'J'he bui ldings of a new I'oly teclmlc School hud
been just completcd at the timc or our visit, 'l'he
ins titution is of imposing dimensions, huilt in the
form of a hollow S(llHl l'c. wit h a quadrangular gar4

den in th e centre, It contuins Icctu rc-rooms, a. con­
sulting library, spacious und m ·ll .lif,:llt ecl chemical
and physical laboratories, and galléries for museum
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purposes. 'l'he collections in minem logy and pnlœcn­
tology are on the ground floor, and the soologicnl
mu seum, under the able supei-i n tendence of Pro­
fessor Barhoza du Bocage, is lodged in four fine
gallerj es on the upper stOI'Y, Oll e of them devoted e 11­

t irely to the African fuunn in wh ich the museum ie
part icula r-ly ri ch .

'l'able-cases contain ing a fine collect ion of shells
are placed along the cent re of the rooms, and up­
right cases filled with st ufferl mummals and birds
nud variously prcservcd rept iles and fishes are rauged
along the walls. 'l'he collection of mammalia is ri ch
in iusecti vora .c--cnoles, 51lt'CW S, and the like ; and
among t he scarccr niauunnls arc t wo manatees, an d
goorl exnmp les of the A~'c-,,-\~'c , and of t he singular
lit tle Afri cnn ottcr-Iikc animal Potcmoç ale celas.
The collect ion of birds is pai -t iculurly good. The
specimens arc wcll stuffed mu} mountcd, and well
nrmugcd. 'l'hi s collection helongs ta the present
King, and was chiefly hrought together by him and
his brothcr. It contnins many rru-itics : D idunculns
'\"1J'i[Ji 1'O~ll'i8 , a good set of birds of parud ise inoluding
8elllioph'1'!/,-1", nnd Il Hile specimen of t he great uuk,
.dtcc impenuis, in excellent plumage and preservation,
g'iven to King Lui z by Iri s brother-in-law t he King
of H al)'. T he King of Portugal is very fond of
nutural history , and lins a good general kn owledge
of it. He did us t he honour to visit the ship when
wc werc nt Lisbon , and cx prcssed himaclf greatly in­
tercsted in t he exp edition.

'l' he Hotuuic Gm-rlcu is ncnr t he Palace of the
Ajuda. It sccms ta have beon ycry fine at one ti me,
for t here is a good l'ange of glass, and the hnndsome

1 g



116 THE A TLA N TIC. (C UAI'. Il.

te rraces have been laid out and decoratc d with
statuary and fountains with sorne teste, and cvi­
dently at great expense ; but the garden has fullen
into disuse for scient ific pm'poses, and has been
all owed to get into disord cr and disrepair : and an ly
ft heautiful group or two of date-palma and a splendid
dragon- troc, with ft head 30 fcct in diameter, sti ll
maintain :t t race of its form el' character. It is in­
te nded to lay out a picco of grouud ncar the new
Polyt echnic School as ft gardon for tenching put'poses,
and l bcl ievc th e old Botnnic Garden will probably
he mergcd in the g l'ûl1l1l1s of the palace.

'I'here is a ycry complete Xlctcoro log ical and l\Iag­
nctic Obser-vnto ry, new u nùcr t he cncrgct ic manage­
ment of :AL:\I. .J. C. de Brito Capella and Gama Lobo.
'l'he met eorological department is in tel egraphie
communicati on wit h th e pr incipal European Observa­
tories , and the )fagn ct ic Ohscrvatory is similar in
alm ost aU res pect s tc t hut at Ken' , 'l'he build ing is
insulated for tempcrutu rc, and a very complete
photographie rcgistcl' i l1~ nppurutus is in constant
use. P hotographs of the sun, rcgistoring the form
and positi on of t he spots, nrc tuken daily ; and an
Astronomical Ohscrvatory, wlrich is to he uscd 1'01' the
present ch iefly fo r observat ions of t he sun, is in p1'O­

cess of complction.
'Ye enjoyed grcatly our Icw daye in Lisbon. The

British Mini stcr, th e lIon. Sir Charles Murray, was
most courtcous in his attention. 'l'he wcuthcr wus
delicious, wc worc in the middle of the orange and
lemon harvest and t he air was rcdclent of the l'Cl'·

fume of the gold en fruit; and t hore was certnin ly
littl e to remind us of the winter we had so lately



Pl.ATE 1. The trackof the Ship from T'ortemonth to Teneriffe.

The blue arroses indicate the direction of the currents, and the red of the WÎtV!.i .
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lcft hchind us cxcc pt the Icaflcss planes with thcir
curions pendant bullct-Iikc sccd-vcsscls, rauged along
the Boulevard s.

On the evening of the 12th of J nuuary wc
atenm cd out of the 'Iugus, nud the next day wc
dredged in 4,70 fa thoms off Setubal. The bott om
was the ord innry grcy oozc of the Xorth Atlanti c,
und we sifted out of it lUan)' of our old acquain­
t ances of the Briti sh aren, surit as L imopeie borcaiie,
Columbella haliœti, D acrydiuln citrcmn, and man y
othcrs, which conflnncd us in our anticipation tha t
we should fi nd OUl' dccp-sca Iauua yery widely
diffused.
"~e dred ged agu in olf Cape St. Vincent on the 15th

in fi ne ligh t wcnthcr in 525 fut homs, an d brough t up
sante of' t he dcad coils of ]lya{ollelJta, cach with its
contiug of P aZy/boa, but no pcrfcct 0 1' living speci­
mens ; and on t he following day, wcury with the com­
parat ivcly uuproducti vc sif'ting of to ns of te nncious
moi-ter, wc mndc our flrst nttempt with the trawl at
a dcpt h or 000 futhoms. 'l'he cxpcrimcnt, as l have
alrcady suid, wns entircly succcssful . Th e munbcr of
individu nl specimens procurcd wns ne w mu ch lnrgcr,
an d in addition to the suin llc r iuvcrtcbrntcs wh ich were
usu ally uhnoat t he sole pro ducc of t he drc rlgc, sevcrul
flshcs were takcn , and HUillY or the lnrger crustnccnus
and cehinodcrms. lt is of course open t a qu est ion in
such cases whct hcr t he flshcs linvc coure from the
bottom und <H'C to be rctcrrcd ta the depth ind icntcd
by the sounding, 01' whcthcr they may have cntcrcd
the trawl at sorne sta ge of its wa)' to the surface.
'l'he flshes captured on t he present occasion werc
a single specimen of Blcra »ucditcnvmca, t wo of
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FIU. 3.-Corypl,œ,wld...<r­
ra lu" LOWE. lI nIr t he na­
t urai size. (~o. 4.)

Corfplucuoidcs serralus ( Fig. 23),
and one 01' tw o small forms which
wer e undoubtedly fr om the ur­
face. The Mora was in a very
peculiar condition ; its eycs were
blown nearly out of its head by
th e ex pa ns ion of air contained
probably in some spa ces about
the spinal cord, and its swimming­
blad der was forced ou t at it s mouth
an d disten ded almo t t o bursting ,
Corqp luenoides liad likewi se the
oyes forced ou tward , but th e di s­
tortion was n ot so (J'reat ; all the
fishes were almost denuded of
'cales ; it is eviden t t here fore that
all must have com e from a con­
siderable dep th, A s Mo r« is com­
mon at moderato dep th s in the
Mediterraneau , i t is more thau
probable that it ca rne fr om some
in te rmediate zone. COl'yphœ/l oides
is one of a fam ily , the :M ACR RIlJ.LE,

which lias yiclded us by far the
greate r nurnber of OUt' deep-sea
fishes ; and from their pcculiar
uppea rance, fr om t he cond iti on in
w li ich t he exampl es arc u su all y
round, and l'rom t he eirc ums ta nce
that they arc not unfrcqucntly as­
sociute d with spec ios of th e ge nera
1JIe laltocet lls and Oe1'aLias- lophi­
oids whosc Iorm and st r ucture al"



0:11 .\1' , Il . J n ;I)'\1 1' /11:7''';.\11)["1'11 7'0 TES H1:U 'Pf:. 11~ I

iucouslstcut wit h n pelagie li re, th e balance of probe­
hility scems grently in faveur of their having been
taken on th e bot tom.

The t rawl seemed to have gene over a re guler field
of a delicate simple Gorgouoid, wit h a t hin wire-Iike
axis slight Iy tw isted spirally, a small tuft of Î1'­

regu la i- rootl et s a t t he hast", un d long exscrt polype.
The stems, which wcro Cl'OUI l S inches to 2 feet in
Iength , werc coiled in grea t hauks round t ho
t rawl-bcam and cutaugled in masses in the net, and
as they showed fi most vivid phosphorescence of fi

pale Iilnc colour, thcir immense number suggestcd a
wondcrful stn te of thiu gs bcnent h-c-animntcd COl' ll­

fields wnviug gcnü y in the slow t idal curren t and
glowillg with fi soft difluscd Iight, scintillating and
sparkling on th e slig htcst touch, and now and agaiu
brcnkiu g int o long aven ues of vivid light indicating
the path s of fishcs or ether wnndering deni zens of
their enchnnted region. 'l'h e bot tcm in t hese la tcr
dredg ings, rmywhcrc in fuct along the coas t of 1)01"­
t ugnl nt dcpt hs bcyon d 500 futhoms, consi stcd of t he
HOW wcll-known . globigcriun ooze,' thnt is to S3)' ,

it wus a grcyish calenrcous poste, soft on the surface,
bccoming flrmcr bclow, and made Hp in a great
UCgl'CC of th e shclls or fcnuniuifera-c-chiefly of the
genera GlolJ i[Jcri JUt nud Or/ntliuu-cntire or more or
lesa broken up and disintcg rntcd.

Along with t he fornmiui fcrous shells sorne other
shclls of much largcr sizc ente r in varyin g propor­
tion iuto th c composition of t he ceze, or perhaps may
be ra ther said to be mixed with it. 'l'hese are priu­
cipally shells of Pteropod.., with a few of those of
lIeteropods, and of pelagie Gasteropods. 'l'he last of
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They iucl udc t he g"l'C:lt mnss of t he moll u ....en of t lu­
present tiuïc ; fol' examplc, the whclk, the pcriwiuk le,
:IlHI th e garde n snuil. Th ei r shclls tu-c with rcw es ­
ceptious un ivalve uud spiral, ott .-u t hin an d del icate,
soui ct imcs, as in the gc llera S { j 'Oill '.J llli , l i '>; /u'J . C U /l IfS,

and mauv ether .... , th ick ami mussive, wchr ht v nccu-. - .
mulations of carbona te (If li me sccrc tcd l'rom t he SC;l-

wntcr, They have a di.... ti nc r head bcariug orgnns of
sense, but th e churncter wh ich most distingui shes
t hem Irom thcir ncurcr nllivs i ... th cir mode of loco­
mot ion, which is h,'- 111 1..':111 '" (Ir a long m usculur plut e
sccret ing a viscid lU UC US ru nuiug along bcnen th t he
hod~' of the uniuml , nml hy ult crnu tc ex ten sion and
contrueti-m cnalJ!ill;; it to l'r"el' uver a suli d surface,
)105t of tbcsc animais li re on the hot tom of the sen,
as tbcir c rga n izntion dcuuunls. One or t wo ouly of
t he shel l-mak iuz zcucru are pl'i agil'. and t he uuly im­
port ant one of t IH' .... l' i ... t he in-nus J UillI/i l/lI , which
iuhubit s a sp ira l shell, likc a suu il-shcl l, of a most
Iovely blue. J fl,/{li i lll i tloats Il: ' spl'l'ading out its
• foot' on the surface, but il is mo re usunl lv round
uu ucbed t a t he di tlcn-n t k imls uf • PtH' t u~l\(' ~C IIl l 'U­

oî-wnr,' Tetetto, 1)/,:" ..,/i." and PUI'P;{". or in the mid­
Af luutic, in the W;lIlth'l'il :g i-luuds ur g ulf-weed. At
certa in scnsons ;\ pccul im- kind of uu-mln-a uous Ilont
or ruft is secn-tcd l'ro m the un itunl , likc ;, crcscc utic
pièce of honcy romb with t ilt, col ls üllod with nir. 'fhe
egg·s..'lL·S, which arc But uu likc thosc of tl n- L'OlH mOIl
wh elk , are uttuclu-d ht'llI'a th tht' 110at . und wh eu the
float is complete ami tho t'gg-sacs full t ho creature
disengages it, aud Icuvcs the cg6pS ta he hutched os it
drift s about on the surface in th e wurm tb und sunlight.
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'l'he sliells of Jantliino. are cornmou in the ' globi­
gerina ooze.' 'I hey are not unfrequentl y cast up on
the shore on t he we t coast s of Ereland and Scotland,
and even on the She tlands and the F œroe I slands.
'l' hey are not, lrowever, inhabitants of our Northern
Seas. They are drifted along an d scattered about by
am beneficent ameliorator, the Gulf-stream.

'l' he H ETEHOPODA are very close t a the GASl'ERO­

l'ODA, and in most modern works on zoology they
are associated with them as a sub- class. 'l'hey are
ent irely pelagie, and as it is only under peculiar
circu mstauces t hut one cau stop th e sliip in mid-

FI0. :,H. - Ctlrinuria AtlalltiCtl. Natural sile. Surface. (:\u. 4.)

ocean an d hunt fol' them, they are little known. One
0 1' two of t lieir shells ar e met with in collections ;
one espeeially , Oariu aria, a beautiful little glassy
boat, whi ch one would take at flrst for same form
of t he paper-n au tilus. 'l'he shell of Oariuaria gives
no idea, howcver, of the 1'01'111 of the animal (Fig . 24),
whi eh, with one or t wo allied genera- snch as Ptero­
trachee and Firo loidcs , which do not prcduce shells
at all, is ometimes abundunt in calm weather on the
su r fncc or t h , warm sens. 'l' h shcll hanrrs below
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the animal, conncctcd wit h il h.r a kiud of neck, an d
is mere ly mean t for the protect ion of somc yery "ital
organe, including the henrt , t he gills, and the Hvcr.
Th e rem ainder of the an imal Is ten t imes t he size
of the shell, an d fcrms a large sac, usunllj gelntt ncus
and VC1': ' t ransparent , ofteu dottcd ovcr wit h purplc
pigment spots. 'I'he fr ont of t he sac is dra wu ou t
into a long, slngularly-formed snout , and ncar i l
therc arc bright, well-mnrkcd c~-cs and a pair of
feelers . The postericr part of th e sac is produced
intc a fln-Iike ta il. .\.long- the upper middle li ne of
the an imal in t he posit ion in, which it swims in the
watcr, t he l'ur t corrcspouding wit h t he • foot ' in
ord inary shell -flsh is rai scd into a high , crcst-Iikc fin .
'I'hc bod ies of these crea t ures are large, sorne of th em
not lese thnn fix e 0 1' six iuchcs in Iength, but likc
most free, flcat ing an ima ls, th ey are \"el')' soft , formcd
mainly of a • connect ive t issue,' with li Ule in it but
sea-water. I n t his wn.r t huir hulk is g rcnfly in crcascd
withou t matcri ally adding tu thcir wcight, an d they
weigh Httle more thun an uqual h ulk 01' sca-watcr,
and rcquirc li ttl e exc rt ion to Ilout 01' swi m.

One curlous rosult of t his trauspurcncy is thut
wc ecu sec th rcugh the outer wal l, in the mu st
wonderfu l deta il, a il the întcrual urru ugc rucnts-c-thc
ncrvous centres with the com plicat ed orgnns of sense,
t he beer t with its pulsut ing churnbcrs a.nd t he blood
foHowing its course th rough the system and throu gh
the gllls, the alimcntary canal and ull its ucees sory
glands. 'I' he IIE'1' J~ llOl'oJ)A arc prohahly the most
highly-crganized group in which such transparcncy
exista.

Th e shells of Oartnario arc l'arc in the globigeri ne
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oczc ; bu t two smull spiral shclls belonging to ani­
mais of the sarnc su b-clnss, A l/alita peronil and
O.I·Y!JY/'us l.:Ù(wc/I"cu ii , arc somctimes in such num­
bers as to have a sensible effect in adding to t he
formation, Although the Jl cteropod shell s of the
present day are ins igniflcant in s'ize, they played a
much more import ant rôle in carly t imes, for there
scems litt le doubt tbat th e great shells of th e genera
l!:IComp lUfl lfs and B el l erophon, which sometimes go
fur to mukc up wholc bcds of Iiuiestone of the Silu ­
l'hm and Oarboniferous periods, are ta be referred to
t!lis gTO Up,

'l'he P'l'E JtOl'OU.\ aJ'C fu rt lier rcmoved thau the
lI ETJ:: ltol'ODA arc from the t ~'l' ica l G .\ STE ROPODA, an d
lire much simpler in thci r st ruct ure. The head is
not sa mnrkcdly scpamted from the body, and the
organs of sense arc rudimcuturv. The body is coni­
cal and somefimes spiral, an d is YCI'Y u sually con­
tuiucd in a delicate shcl l, somct imes spiral in fcrm,
more frcqucntly conicnl or tuhular ; or like an orna­
mental Ilowcr-glnss, or like a watch-pocket . 'l' hc foot
is modified into two wing-Iike nppcndngcs, one ou
cither side of t he month . 'I'hesc arc frequcntly
briglu ly colourcd whcn the animal is llving, aud
ditlercnt par ts of the body show iridescent blues
and Si'cens. Multit udes of th csc little thiugs may
now and thcn be scan on the surface of tbe wetcr,
Ilutteriug with their winge and glittcring in the
sunshinc ; to he comparcd with nothing more apt ly
thun wlth a conm-cent ion of the more drcssy of theo 0

Lomhyx mothe, as one soruethues cumes upou thorn
on Il sunny morning just nfter a fumily of th em have
cscaped from thcir chrysaliscs.
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'l'he Pteropods are much smaller than the larger
forms among the H eteropods ; the Iargest of the
present day are not more than about an inch in
length, though antediluvian species of the genus
Conularia and its allies sometimes reached a length
of nearly two feet . 'l'hey make up for their small
size, however, by their numbers , Everywhere in
t he high seas they absolutely swarm. 'I'hey are no t
always ta be taken in t he t owing-net, as they seem
ta have a habi t, in the heat of the day and when
there is any wind, of swimming a little way below
t he surface ; but in a fine calm evening, no matter
where, a haul of the towing-net can scarcely be made
without catching many of them.

'l'he most wid ely distributed species in the Atlantic
seems to be D lacria trispinosa, with a little pocket­

like shell of sorne weight an d
strength, shaded purple and whi te.
Several species of Oaoolinia are
abundant, t he lar gest C. tridentata.
Clio cuspidata, with a fretted shell
whose ornament reminds one of
sorne of the fossil genera, is pcr­
haps t he spec ies most frcquently
seen on the su rface, and the one
whi ch shows the iridescen t colou r­
ing wit h t he grea test brilliunoy

FIG. 25.-C/w l>yrum Ed"la, (F ig . 25), The several species of
~~~~~V:;.E. (BJ~J~.I5"nl"rgcd. 8 ty liolet, much sma ller thau the

ethers, ar c much more numerous,
and sometimes throng :the towing-net with t heir
glassy needles. 8 t!J liola subulala, 8 . acicula, and! '. vil'­
[Juta ar c in immense abundanco and very generally
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distributed (Fig . 26). Some of these species sorne­
t imes reach t he coast of Britain, but an indraught of
northern water which inclu des the British I slands
in a fork keeps out these oceani c things from our
shores. If the Brit ish naturalist
ta whom these things are usually
unknown in a living state will only
push his tawing-net work by a tug
steamer, or his own or a friend's
yacht, 40 or 50 miles from the
west coast of Scotland or I relan d,
he will get beyond the Arctic
water, an d will wonder, as I did
anly lately, at the new animal
world in the shape of Pteropoda,
Ileteropoda, Siphonophora, and

Fln . 211.- TriJlte,.a colmuella.
ahove an Polycystina and Aeantho- Twice th e naturn l size,

(:\0. 4.)

metrina in all their wonderf'ul
varieties of form and sculpture, which will suddenly
burst upon him.

'l'he Pteropoda extend far t a the northward ; one,
Lùnacina Iielicina, with a delicate but very elegant
spiral shell, and another, Olione borealis, which be­
longs to the she11-less sub division, are frequently
seen by Arctic voyagers in such numbers that they
actually colour the surface of the sea in patches of
man~T square miles in extcn t, and t hey are said to
1'01'111 a considerable item in th e food or the Green­
land wha le, which strains t hem ont or t he water as
it passes t hro ugh his mouth , with hi s whalebono
sieve. I have dwelt on t his little group becnuse
th eir histo ry is not very famil ial', and because I hope

• ta show t hat, smull as they arc, they pla y by no



l:! ti TUE ..IT I..I.YTIC.

m éans an uuimportnut part in sorne of the n -e-nt
geclogicnl pro{'csscs of rccoust ru ct ion.

On the cvcniue of the 17th of J nnunrv wc pnsscdo •

Cape Trafalgur of gloï-ious mcmory, and sighted the
light of 'Ir u-ifu ; an d when wc wcn t on deck nt su n­
rise the next morniug wc wcrc close undcr the Ilock
of Gibraltar, t he cndless linn of lmt tcrics an d t he
sulky ironelads of the Channel flcct , wh ich happened
to he lyin g in the har oclearing up in the incrensiug
ligh t ; and the g rand outl inc Icnucd h:r the mcuu­
tains of Séville and Granada on the one hand, aud
J ebcl lIusa and the distant range of t he Atlas on
the ether, glowtng out peak uftcr peak in rose-colour
and bronze, and t hcn slowly subsid iug into thci r
normal sbad es of purpl e, whilc the blue ) fcditcr­
ranean strctch cd awar wit hout a ri pplc to t he cast­
ward.

The • Chullcnecr ' rcmniucd la shed ulongside th e
New )fole nt (l ilu-altnr for a wcck. The wcnthcr,
nltbough it wus littlc past mid-wiutcr, was wnrm
and hright ; t he !'pring' sccmed ah'e:ul,\' st urfi ng , und
sorne bcauti ful ma uve patches of nhnond -blossom
lightened IIp t he luce or t he g l'im 0111 rock. The
aloès W C1'C in full Howcr, and the • Alumédu ' and
the grounds of' tho ( Iovem or's sunuuc r cottage WCI'C

cri mson wit h t hem. 1 do not know any plan t more
ornamental. 'l'he rich colour 01' th e Ilower-spikcs
cont rasts admirahly with t he {;(.Icl gorcy-g rt't'n ur
the foliage, and t he l'igid spcnr-Iikc louves huvc a
thoroughly cxctic look, more sn thun most of t he
plants of warmcr latit udes,

January 24th.-A small party of us had a most
pleasant exc ursion wlth Capta in Phill imore, the
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Cuptnin-Supcrintcudent of t he Dockynrd. " ·c start ed
nftcr breakfast in th e gun -hoat • Pi geon,' across t he
bay ta Algcsims. Aftcr pa,yin;; am' respects to the
Spauish Govcm or, a lmndscme dignified man who
rcccived us with great courtcsy and ret urued our
visit on t he following day, wc took a wulk about
the town, ndmi red the market with its am ple supply
of Ire sh vcgct ablcs and fr uit , und visited a large
circus-Iikc building, whcre fol' about a week in the
J CiU , in cnruival ti me, bull -fl ghts are held : and
which was fiUed with horse-t rappiugs, and bannera
and swords and small Icnt hcrcd spears, and nll the
et her tnwdry and hon-id pumpliernnlia of t hnt
barbnrous sport.

A splendid aqucduct , evidcntly bu ilt in the old
times whcn Spain hcld u \"l' l'Y different position from
the one site holds new, briugs abun dauce of water
into t he t cwu frou i the high grounds nt sorne dis­
tance. Xcar the town it crosses a valley, ra ised
high on a long Hile of qua int 11n1' l"OW arches. ,,-c
wnndcrcd "ll th is valley for scvcra l miles to a pretty
wntcr-full cnllcd • La Chorrcn,' wherc we stoppcd and
hall a dulicious Iuuchcon, the chief clement iu it the
supply of lnscious r ipe ornngcs wlrich we 1I:}(1 got
frcsh t'rom t he t rccs on our wny; nud afte r sitting
sketching and cha tt.ing dueing th e hent of t he day,
wc quietly retrnccd our steps to the town, where we
found the' I'igeon ' cwoifiug OUt' return.

'l'he valley is well woodcd, und from tite peculiar
chnrueter or t he vegetati on, in t he mid dle of t he
region or cvcrgrccn shrubs and tl'CCS, t hore 'l'as little
to rem iud us of winter . 'l 'he greater part of our
route lay t hrough an old cork-forest, the gnarled
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ruggcrl trccs a considerable dist nucc npm-t with greell­
swa rd beucath , li kc th e trocs in nu l':ngli sh park,
The Ioliage of nu old cork t rec is dark and grey,
and somewlmt scnnfy , bu t along 0111' path the rough
hales and branches wcrc cvcrvwhcre hcuutifully re­
l ievcd Ily great pntches of the ful'l '," tn wny rh izomes
and Iight ~rccn feathcrv fro nda of one of the hm-e' s­
foot ferus ( ])(lcaUia) , pcrch etl in t he clefts of th e
branches 0 1' clinging in the deep gl'OO\'CS formed by
the spl it fing of the outer laycrs of the cor k.

1Ye pa sscd severnl fruit furms, m ost of the m l'vi.
denfly of old standing, with ora nge and leman trecs
:}O and ·.LO fcc t high , n ew bcndiug and ln-eaking
undcr theil' Iontl of col den frllit - ci..lrt or ten ripe

" 0
ora ngps at the end of en~ l'Y bru nch, thrown ou t in
splend id con t rast agai nst t he durk gret'll louves. The
spring fiOWC1';; WC1'e heg in ll ing to blonm, and g reat
spikcs of Xfl I'C ji)f) II ,~' JifJI!J (l lItllIJ.~ sent ou t a dclightful
fragrance fro m t he lrcdgcrows. 'l'h e wholc sccnc was
very beaut iful, bu t the small nmou nt of cul tivut ion
rmrl t he ev ident cnrclcssncss a nd hall manageme nt,
produced t he feeling of r('gr( ~t which seems insopn­
rn blc t'l'Dm cvcrv th irur coucr-ruimr the Spain of tJH ~

• D D

prescntç-c-th nt a coun try uu u unl ty r-n pablc of' sa
I11LlCh should (10 so li t tle.

At Gibral tar wc visitcd tlw rc mnrkable caves
wh ich pcnctratc t he limestouc rock, and on one
occasion Cuptnin Xares li t up St . ) 1ichnel 's cave,
th e largcst of them, with cund los and bine Iights,
th rowi ng out t he inagu iflccnt curt nins and columns
or semi-trnnspu ren t stu luct .ite in con tras ta of liglrt
and shade and colourlng, and producing a highly
pictures que effect ,
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'Ye IUHl not timc tl) makc any systcmntio explo­
ration of the cuves with a view ta incrcas ing our
knowledgc of t he animal romains which they con­
ta in, but H is Excelleucy, Sir Fenwick 'Williams of
Kars, the Gove rnor of Gibraltar, with other kinrl
attent ions, placed at OUl' disposal a cons iderable ccl ­
lection of houes and implementa which had been
brought t ogcther by an offlcer formcrly stati oned at
Gibraltar, and wc had t hus an oppcrturrity of Iorm­
ing seme ideu of the curicus succession of t he in­
mates of the caves from pre-histori e times down
almost to our ow n .

" TC Icft Gibraltar on the âûth. 'Ye had fine
modera to wcut hc r, and had a n'l'Y fai rly succcss ful
weck, sounding , t rawlinz, dredging, and takiug
temperatu res, hct wccu (Iibraltur and Madeira.

'l' ho trawl wns aguin cm plcycd süccessfully on
the 28th, at a rlepth of l ,OnU fut homs, about 90
miles ta the sout h-cast of Cape St. Vincent, Severa!
tishes oceurrcd , includiug nu exnmplc of .:.lIacru1'us
at ùuüicus, an d n fine specimen of the rare
Hotasaorn s oiccnii , 'J'he t rawl on t his occasion
contu ined a. !' i ng l t~ cxnmplc of the fcm ule cf a very
lar ge runphipod cru slncr-an, hl'il'1ly describcd uuder
the nnmo uf q/slmolHu /I('p lllili by Guerin-M éné­
vi lle l'1'01n a single spec ime n oh tnined in the Indian
Ocean, 'Vu have siucc ta ken scvera l specimens at
differr..'nt stations in thn Atlanti c ; an d as a smnll male
wne in one case cnpt urcd in t he towing-net , t here can
he li t tle doub t t hnt, l ike P hroninur, t a whieh !~enus

it is nlliod, Oystusomu is a pelag-ie animal, probably
rctiring dur-ing the day tc a considerable depth, but
occasionnlly coming to the verj-" surface of the water,

K
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The male example ûgured (Fig. 27); which is
103 mm. in length, was taken in Lat. r 22' N., Lon g.
26° 36' ,V., a little to the east of St. Paul's Rocks,
where the depth was 1,500 fath oms.

~·IO. 27.-Cl/ltoloma ntp tu,,!, G U':Il1N·M t NEVILl.E. l:lllghtl l' redueed. (No. \07.)

'fhe animal presents a very remarkable appearance.
It is absolutely colourless and transparent, so that
by transmitted light the internal Ol'gans can be per­
fectly seen through the test-the cephalic ganglion
with the nerve-tibres running to the antcnnœ and
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t he e)·e~ ; the g-:m~lia of the double ventral corel
with the filaments pas.. ing to th e nppendngos : t he
hcnrt, ail clongntcd t ube wit h thrce openings : the
stomach, a lnrge sne wit b a smnll intestine leading
frorn its hase ta the excre to ry opcning in th e telson ;
in t he femulc hm large rose-coloured ovaties, the
oviduct e passin g ta an opening covered by two
small lamelle , nt t he bnsc of t he first segment
of t he pcreion ; in t he male t wc elongated testes,
th eir ducts openin g bctween t he nppendages of t he
scvent h seg-men t .

Th e head is la rge and g"1'f'ntl.,- in tinte d, and it s
upper su rface is entircly occn plcd hy twc enormous
facettcd cves remind ing one of t he e~'es of ./Eglina
nmong t rilobites. 'l' ln-re arc t 'la rows of spi nes
along t he lateral bonlr-rs of t he head, an d sorne
epines arc pl nccd 1'01llHI th e mouth, which is in
the usunl position nt. the base of th e cephalic seg­
ment on th e lowcr surface of t he body. 'l'h e first
pair of nnte nnœ only :\1'0 dcvclopcd in eit her sex.
The nntcnnn consist s or t wo join ts, and is nt taclred
ta th e nntcrl or mm-gin or t he head.

'l 'he parts of the mouth :HuI t he rnnxll l lpeds arc
\'Cry small ; the t wo g nut hopnds nre t erminated by
clnws as in th e Typhi ds, nnd net funct ionally 3 S

seco nd and third mnxi llipcds.
The pcreion cons ista of seven segments ; and the

plcon of tlvc, ta t he two last of which the caudal
nppendngcs oro attnchcd. rnl(~ ûve pai rs of ambu­
lntory legs arc long and slcn rlcr, and th e three
pairs of • swimmcrets ' are normal. The eggs are
large and few in number ; sorne of those oh­
served contnined crnhryos in whieh neurly all th e

K 2
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nppeudugcs wcrc dcvclopc d, sho wing that the J' OlIllg'

undergo no mctamorphosis.
Dr. Yon " ï llemœs-Suhlll, who lias curcfully de­

scri bed t his siug ulur l'onu , hus proposcd ta establish
for the genus a fam il.... CY~TO~03 II J) .E, holding a
place iutermcdi utc bet ween the 'l'YI'llIJ).-E and the
P U R OX0 3U D.-E .

T wo smul l speci mens of Centroetep luume longi.
epinus were cnt anglcd in the trawl-net, and many
st ar-fishes, iucluding A rckaster cudromcda and
bifrons, A sl l'oguJ/ ium lOllgimulluJ/l, an d, among ot her
Ophi url ds, sorne fine cxu mples of Opllio1/l 11Siuln
l!J 1Jum i and of an undesctihed specics of the samc
genu s. 'l'li e t rn wl SCl'llIS spcciully suitahle t a the
capt ure of l l olc th uri rls : iurlecd wit ho ut its u se
wc should nover han : iunuriued t hut unimuls of th is
g l'OUP occurrcd so ubun da nt ly as they do, and ac­
qu ired sa considerable a sizc in dcc p wutcr, Almost
l'vm'y hau l along t he consts of Por tugal and Africa
yi elded seve rul specics, an d purticulm-ly many speci­
mens of a re murkuhlc foi-ni, rcferrcd to a section
of t he ord cr with which wc ure ne w rcry familial'
as inhabi tunts of the dccper l'c;.;ions of t he sea.
'l' he ani mal is of U rich violet eolour. L ikc P SOl ll S ,

it hus a d ist inct umbulutory su rfuoc with a cent ral
double row of watcr-fcct . 'J'he body-cavitv is emull ,
but the pcrisoru is rc pres cutcd hy an enormonsly
t hi ck layer of jcll y , whi ch riscs on cither side of
the midd le-line of t ho Lad : int o il series of ro un ded
lobes, each pcrforatcd for t he passage of an urubu­
lacral tube end corresponding t herefore to an
ambulacral foot . 'f lle upper pair of vessels of the
t rivium send out series of loaf-Itk e sacs loaded
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with purple pigmen t, which fi-inge t he ambulutory
disk on cithc r sidc and appea1' to he chicfly con­
cerned in t he function of respiration.

T his hanl gave us nno ther interesting evide nce
of the wide gco graphtcal distri bution nf some of
the characteri stic Icrms of the deep-sca faunn :
severa l examplcs of a species of the genus E uplec­
teUa 'l'cre entungled in the netting of the t m wl.

In the J'car 18-1,1 Professa)' Owen gave an
excellent descr ipt ion, in t he Transact ions of t he
z oologicol Society of Lond on, of a wonderfully
bea ut iful sponge whi eh Il:HI hcen lutcly rcecived
from the Phil ippine Islands, und which he namcd
E uplcctel lo aSjH,,.uiUIl In (Fig. 28). In the specimen
doscribed by Owen t he sort gclatinous coati ng had
boen entirely rem ovcd and noth ing remuined except
th e skclcton, compo scd of silice and resembling an
exquisitcly del icate fahric \\"OYCn in sp lln glass. 'l'h e
skelcton is in the form of fi sligh tly curvcd tube,
contraetcd downwn rds and cxpnnding npwnrd s to
a wide circ ulur mont h e<1 ged h,v an elega nt fr ill .
'l'he mouth is closcd Ily a wide-meshed nctted lid .
'l'he wal ls of the t ube arc fOI"l11Cd Ily a number of
parall el longitudinal bands or gl:Jssy siliœ ous fibres
closcly uni ted togothcr hy a cement of silica, and
a series of Iikc bands runnin g round the tube, and
thus cutting the longitudinal bands at righ t angles
and forming a squarc-mcshcd net. The corners of
the squares are thcu flllcd in wit h a minute irregulm­
fret -work of sdl iccous tuhing, und the openi ngs in
th e wall of the SPOllb"8 bceome rounded. Orna­
mental ridges of the sumo fine fret .work arc urrnngcd
in Irrog ulnr spira ls on tilt' outer surfa ce, und round
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t he bottom of t he tulle a t'l'juge ri ses of glisteniug
thread s of silica fou r or Ilvc inchcs long.

In 1859 Professer Owen descri bed 'l'hat he con­
sidcrod a second species of the same genus, Euplee­
tella CUCUnle1' , from a bcautiful specimen proeured
by Dl'. Arthur Furrc from th e Seychelles. In form
Dr. Farre's speci men wus more infl ated, more like
fi cucumher, as i ts numo implies, but in minute
str uctu re t he two are identical , and 1 believe the)'
arc mcrcly varieties. l 'or many years these t wo
specimens of the tw o form s, one in the British
Museum and the other in the possession of Dr.
Fu rre, remained u niqu e. A sponge existed in the
galle ry in the J ard in des Plantes, procured in the
Moluccas duï-ing the voyage 01 the 'Astrolabe,'
and f lgured but not dcscribcd by Quay and Gai­
mnrd, wh ich hnd becn coufused with E uplectella,
but a cnreful exnmination of the Paris specimen
showed that alt hough belonging to the same group
of eponges it 'l'as generieally different, and 1 de­
scri bod it under the name of Hoôrodictgon;

Sorne years ago sorne fine specimens of E uplectella
(/spel'[Jillmn found t hei r way int c the London market
and on account of t hcir g reat beauty hrought high
priees, When thc principal museums, and the amu­
tCUl'S who will have whn t thcy faney at any pr-iee,
wcre supplied, speci mens were still ta be had nmong
th e dealers, and at greaUy rcduccd prices; and finally,
when the demand for scicn tiflc purposes hud nearly
ceased and it wus found that the number for sale
was unlimited, the priees of good specimens fell from
four or five pounds ta t en shillings or Jess, and
• Venus' flower-buskot ' wns olten to he seen under Il
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glass shade in a druwhur-room, wlulSl' U\\' IlCI' hud
little idea of ils close relation tu his fu miliur bath
compauicn .

It seems t hnt E nplectet!u is very nbundunt in sorne
spots in rleep wnter nmong the Ph ilippi ne Islands,
and parficulurly ncur th e Island of Zebu. I t IÎYes
partlally buricd in mud, which is 50 soft and loose
as no t to l'rush il , nol' 10 impede in any waS th e
ass umption of its elegan t forrn- th at of a horn or
a graceful bonquct-hol ëcr. c-and it is supported in its
position and prcvcutcd from sinking by its fr inge­
like root of glassy spicules. The natives get i t by
draggtng weightcd bars of' wood to wlrich flsh-hooks
are at tuchcd over the bottom . 'l'he sponges arc
pulled out of the mud hy t he hooks ; lHany of them
are taro and inj urcd, hut t hey arc in sufflcient num­
bers ta gi ve an <1 III ple supply of pcrfcet speci mens.
The soft animul-muttcr is thou rc mnvcd in sorne way,
a nd the skelet un is clea ned a nd blenchcd.

Until wit hin the Iast Ic w month s no cxamples or
E ttplectella were kn own with t he soft parts pre­
served, but I undcrst und tbnt lutely spirit specimens
have been reccivcd at t he Br it ish ) [uscum; and the
lute Professer ::\lax Schult zc of Bonn stuted at a
meet ing- of t he 1 Xicderrhcin ische Gcscl lscuuît,' on
t he 3rd of )[arch lust, t hnt a Hile l'cr ics bad been
plnœd in his hund s IIY U rs. Outschow a nd H cuthe
of the Ger ma n shi' I-OI'.WUl" 1 Herthu.' As might have
been anticipatcd in frcsh specimens, the crystal
framework is covcrcd and cntircly mnskcd by a lay er
of grey-brown gelat inuus mutter, ' surcode, ' as it is
t eehnically called, which Profe sser Schultze de­
scribes as being very th in, and lourled with g ra nu les,
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pigment ruasses, gra ins of sand, and the shells of
Ioraminifcra . Even in this slimy covering, however,
therc is Dot absent the clement of beauty, fol' a
multitude of min ut e siliceo us spicules which pervade
it evcrvwhere, and whosc funct ion seems to he 10
bin d its part icles togcther and to add to it s con­
sistency, present siugularly elega nt foi-ms. One of
the most complicatcd Is a spicule with six very short
rays, cach terminated h)' a vasc-shaped arrangemen t
of curved and Iri uged ailiceous plat es.

Ail t he specimens of E"piectella aspel'gillulil
which 1 have scen , with one except ion-e-t here mar
he et hers of which 1 am not a wure-c-ha ve had t he
spicules of the skelcton fus ed togct her into one con­
tinu ous net-work, 50 th ut th e fabric although fragile
retuin s it s t'orin und will bcar sorne hundlin g. An
exnruiuution of a portion of th e skelet ou under t he
microscope shows, howcver, th at it was originally
composcd of d ist inct spicules. Each spicule ha s a
Yen' flue central tu lle runninu t hrou ....h its axi s and

• C 0

ail ils branches have the Iike, and in the mature
skclctun thcse cen tral t ubes rcmain, indicating the
form and positi on of t he orig ina l spicules and sho w­
iug that t hcy 3.1'0 only i mbe dded in and boun d
togct her by an cxtcrnol and secondary siliceous
cement. The exccpt ionnl specimen is one of th ose
in the excelle nt F rec :U useum in Liverpool. In th is
case th e fibres und spicules have remained distinct
from olle a not her, and conscquently the skeletou,
although the ucttcd lld is complete and it lias aIL
the appcl.l.l'ancc of ruuturity, is quitc flexible and
soft. Whether this be a cheractee eommo n ta young
individuuls, whcther it be un nbnormal condition of
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t his single specimen owiug tu dcflcicncy of silice or
some such cause, or whcther th e specimen ong ht to
be regarded as the type of auother spccics, 1 am not
yet prepa red to sa~' , l huvc secu small specimens of
the ordinary form with th e spicules scldercd togethee,
upparently perfcct, bu t short and wit hout th e lid,
and 1 always supposed th ese to he th e young j Lut
[rom what we know of the int iuia te st ruc ture of t he
skeleton it would seem probable enough that th e
spicules may rem ain separate for a time in early Iifc
during the expansion of the creatu re and th e de­
velopment of its form .

'l'he fine specles (F ig, 20) for which I propose t he
name B uplectcl!« môerea, of which thrcc specimens,
all. unfortnnately more 01' lcss inj urcd, 'l'cre taken in
the trawl, foi-ms a holl ow cylindcr about 2ü centi­
metres in lcngth by ;j ccnthnctres in diumctcr. 'l' he
wall s arc composcd as in B . aspel'!JitluJlI- of a funda­
mental square-meshed siliccous net -work , Lands of
spicules running longitudinally l'rom end to end of
t he eponge and transverse bands intcrsccti ntr thesco • 0

at right angles, Th c spicules arc in sorne casee
straight and smoot h, frc qucntly four proj ecting
knobs ranged round the centre ut' th e sha ft of th e
spicule show t hut in csscnt iul 1'01'111 t he spicule is
six-rayed, and ollen one of th e aide l'<lYs is strong ly
developcd and projects t a a distance of half an Inch
or more from the surface of t he spongc, 'l' he spicules
arc aIl ïreo from one anothcr, and t hose composing
the bands can casily he tcuscd usund cr wit h fi pair
of needlca. I n this speoies, as in E, u8peruiltum,
the corners of the square meshcs are filled up.-a
pale-brown corky-Iooking substance rcducing thern
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to round tube-like hol es and ri sing into spirally

1'10. ~11 ' -};"I 'ltCte llu ,"ber", . \\" n l l l E 1'1I U)I SU:<. Itcdu ccd une. thin l. (Xo. ["



14 0 TlIB A TI..A.Y1'[t '. [ C lI _H '. 11.

nrra nged rî dges bet wecn t hem; bu t t he rid gcs, in­
etend of having a continuons glnssy skclcton, have
t heir soft substa nce supportcd hy a multit ude of
delicate six-ravcd scpamtc spicules interspersed with
the usua l mi nute siliceous stars and ro settes. 'l'he
spange is hirsute with sheavcs of feathercd spicules
which project from t he cresta of t he spiral ridges,
and a series of like shenves of great length replace
round the mouth the fretted fi-il l of' t he Ph ilippi ne
I slands form . 'l'he mouth is closed by a very deli­
cate net -work of a geJat inous subst ance suppcrtcd
by sheaves of fine needlos. The correspondencc in
form between it s ul fimutc spicules and t hosc of A'.
aspe1'uillw u appcared ta he sa close t hut whcn l flrst
saw t his sponge 1 suspccted t ha t it migh t t urn out
to be th e samc t hing uudcr differen t conditions. 1
am now howcvcr convinccd t hat the two spccics ure
entirely dist inct. Euplcctella »vùera« is not t he only
species of t hc genus living in the Atl antic. l!'l'ug­
ments of at lcast t wo ot hcrs havc occurrcd to us,
but they ar e t ao impcrfcct fO L' description.

The t ub e of t he Philippine cxumplcs of Euptcc­
telle asper!JillulIl is very frcq ucntly inhnbited by
one. somet imes hy a pail' of a ' commensal' rlecapod
crustacean j indeed, t he associati on is sa constant
that only a fcw yeurs ago a paper was written ta
show that the sponge wus a wondcrful siliceous hahi­
tation constr uctcd hy t he crab ! Tt is sing ular th nt
whil e P aly tltOu fa tua is as constan t ly associnted with
examples of Ilyaloncuw l'rom t he coast of Portugal
as with those From J a pan, no commensal crustacean
hea been found in uny of th e Atl antic specimens of
Eup lectell a.
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' Ve wcrc srrcatlv intercstcd in addinu one of t hèseo • .~

singular spongc-forms to t he fuuna of E uro pe. Euplcc­
tcl lo helongs ta a ycry special group of sponges
which haye beon called t he llEXACTINELLlDE, l'rom
the circ ums tance t hat the siliceous spicules through­
out t he whole family <ippea r 1.0 be six -rayed. This
fuudamental form is oftcn curiously masked-one,
t wo, t hrec, or four of th e rays being frequently
suppressed ; but whcn th is is the case sorne branoh­
ing or splitting of the central canal, or sorne sym­
metrical arrangement of projecti ons in the cmament
of the spicule, is sure not only ta refer it t a its
grouud-form, but ta give sorne clue ta t he parfi cular
kind of suppress ion or modificat ion which has taken
place.

'l'he IIE XA CTI X E T,L I1LE arc a beautiful family. Be­
sidcs E nplcctclla, which is pcrhaps the ûower, it
contnins ] l !Jafoll ema, th e glnes-rope sponge of t he
Atlant ic and th e Nort h Paci fie, Ap hrocallistes, au­
othe r bcnutiful lucey fuln-io of flint , Holteuia, R os­
sella, Poliupoqon, and mallY ether wonderful genera .
'l'he gron p helon gs specially ta t he fauna of the
dccp sen, and they sccm t.o thri H l best arnong th e
clemen ts of nnsccnt lhucstoncs. 'I'hey are an old
family, ubounding in many gmccful shapes in t he
heds of chulk and grccnsund or th e sout h of Eng­
land, but uuuil latcly the fossil • ventric ulites ' were
su pposcd ta he cxtinct, and th e discovery of their
desceudnnt s Iiving in th e modern chnlk-heds of t he
Atlanti c wns one of t he most interesting of t he
mnny corrohorativo evidences in fuvour of t he vlcw
of th e 'conti nuity of t he chnlk.' ' Ye hnd nnother
succcssf'n l huu l of th e t rawl on the gùth in 1,525
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Iathcms, fi little fm-tlrer to t he south-west of Cape
St. Vincent. The ch ief priee on t his occasion was
a Bryoaoon of singular beauty, and differing \"Cry
widely in st ru cture and hnhi t f'rom ail previously
discovcred mcmbors of the class (Fig . 30). A struight
transparent ste m, likc th e stcm of a cla ret-glass , GO
mm . in length and 5 mm . wide at th e base, con­
tracting ta half th at width at the top, r isee from
a tuft of fibrous root s and supports on its summit
a very graceful cup formcd of branches, which , in
t heir general ehnrnctcr , somewhut resemble thosc of
t he cœnœcium of th e comm on Bugllla noritina. The
bncks of th e zoœcia are turncd outwurds und t111 ~

openi ngs towards the int crior of t he cup, and n
large nviculm-ium is nt tnched to the wall of each
ccll. The bases of th e branches arc connected to­
gether to a hcight of about 10 mm. h~· a trans­
parent membrane. The ccll-bearing port ion of the
cœnœcium cnds bcneat h in a em-iously abrupt W:lY

at th e aide of th e top of the ste m, with which it
dccs not secm tc he in any way conti nuous. The
stem passes int o t he membrane supportin g t he hase
of the cup, and the stem and mcmbrnuc, and t he
cell-bearing bran ches, are so different from one au­
other in app carancc, t hat one was inclincd to mnke
su re in th e fl rst place tha t he was dcallng with a
single organ ism. end not with sorne singular case
of 1 commensal' associat ion. "~e got, howevcr, man)'
specimens of the same spccics in ull stages of growtf
in the deep wat cr of the mid -At lantic, und :l I RO one
or two allied forma which nppearcd to lecd up to
il. The t ransparent stem may prohahly hnm clogat c
with th e stem of Lox osonm, hut th e branches of t he
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zoœcia and the polyp idcs arc certai nly those of' a
normal cheilostomutons Bryozoon not fur from B u­
gula. This remark abl e fOl'ID was dedicatcd to Cap­
tain Xures Ululer the name of N trresùl e!Jat/ms, as
an early recogn it ion of the confidence and csteem
with wlrieh he had ulrear ly inspired the civilian
scientific staff. ...Yàl'csia in the form and structure
of its cup certainly presents a eurious resemblance
to the Cambr ian Dictgonemo. T his resemblancc
must, however, he only superflcial, for Dicigonema
passes with many point s of aeccrdauce cqually re­
mark able into the gra ptolites, wh ich wc oan scarcely
doubt must he rcferre d tu a very d ifferent group,

There werc six specimens of a heau ti ful li ttle sen­
urchin, with a small purplc body and long white
serrated spines, sorncwhnt like thosc of t he ' piper'
of the Shetl and flshcrmcn ( Cùll1ris II!Jsll'i:c). 'l'h ère
is howevcr an unatomical churacter in this little
urchin whi ch rc movcs it very widcly Irom Cldcrie ,
and givcs i t to SOUlC of us a tre mendous funcy value,
The cha racter is a " m',)" smul! one. I nstcad of
having at the t op of the shell a roset te of ten plates,
five of them perforutcd ta lodgc t he eycs , and five
for the passage of t he t ubes of the ovaries, this
little urchin hus eleven plates in t he rosette-an
addit ional one, large, crcscent-shuped, und withou t
a perforation (l'ig. :n ). This is cnt .irely cont rury
to the us age of ail t he ' rc gular' urchius of modern
times j hut when wc go buck to t he t ime of HIC
cha lle, wc find a very compuct and chnracter isfic
li ttle fumily, t he SA].E~IA JM; , with t he additional
plat e in t he snmc posit .i ou , and 1 Ilgrec with Pro­
fesser A. Agassiz, who hns )·Cf CITl'd .1 specimen uf
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a species either the same as the one we dredged off
t he coast of Spain, or closely allied to it, dredged hy

j

1 \
\

1

1'10, 31.-Salc"ia t'<l" i"l'iI ,tl, A. An, Pour times the natu rnl slzo, ( ~o. 6.)

Oount Pourtales in the Strait of Plorida, t o t he chalk
genus Salenia, under the name of 'aleuia uarisp iua.

L
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'l'he same haul g'ave a large, handsome urchin,
radiant with mauve and white bands springing from
the centre of the disk. This was a fine new species
of the gcnus Phormosoma whi ch l have described

FIG. 32. ~Çal...ia "ar i8pilla, A. Ao. Showing th e st rueture of the nplcal dlsk,

elsewhe re , and sho wn t o represent t he genus Echino­
th ur ia of the cha lk , an d to belong to a family which
were su pposed to have become ex tinct with the close
of M ezozoie times.

'l'h e present form, which I will call P 1W1'l1WS0 l1Ut

W'WLUS (1?ig 33), corresponds with Phormosoma pla­
ceuta, a species t aken in the' Porcupine ' in '.L50

1·'10. 33.-Phorm.osD'ma UTlL1t1UJ, ' VVVII.U : T~W3IHfIN. N'nturul slzo. (No. u.)

fathom s off the Butt of the L ews, in having the
ealcareous pavement of the perisom continu ons, no
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mernhran ous spaces being left between t he plates,
which are imbricated like the slates on the roof of a
hou se, the shell being perfectl y flexible. One marked
character , however, of the northern species was
t hat the lower (oral) surface of the t est was quite

Fto, a·l,-PlIonnosomu lUYlIlItS, W\"\"II.U: TIl0 1ISDN'. Api cal surface. Naturnl si ze, (~ o. o. )

different in charactor from the apical surface, the pore
arere and the wa ter-Ieet on the lower su rface being
reduced ta in eignifican co, and the test uniformly
studded with tubcreles fol' primary spines su rrouuded
by enormous aroolœ giving attachm ent ta mas ses
of muscle quite out of proportion t a the size of the

l, 2



pines, In the only specimen which we procurerl,
the spines on the oral sn l'face were broken and
incomplete, but I remarked on thi curious di pro­
portion when briefly noticing the species. ' Alter
going over the siftings from the' Po rcupine ' dredg­
ings, Dr. Carpenter sent me, with a number of ether
things incertœ sedis, one or two peculiar conical
calcareous bodies jointed on short stalks. These I
recognised as a part of ome unknown echinoderm,
what part J; was at a loss to conceive. Curiously
eno ugh, a couple of days ago (J une 13th, ~874) we

'l'II B A 7'LANTI C. [ CHAI'. Il .

FIG. ~5.-Ph()TlTIDJ~omI1 hlfJ,l(lNl nllm, \V Y V I J. I.E TJlO\l ROS. ~(JlIthcrn Sen between Au~t nl l i ll

&Jlfl XCIV Z-aland. l'ort ion of the ventral surface of th e test, Itedncerl nne-thlrd,

dredged in 400 fathoms 100 miles to th e eastward
of Sydney , a splendid specimen a foot in diameter
of another species of Phormosoma (Fig. 35), all the
primary spines of the oral surface tipped with cal­
careous cones, identi cal in structure with t hose founrl
on the Scottish coast, but eonsiderably larger. AIl
the bases of the cones had been bevclled off towards
th eir outer aspect, and they had evidcntly heen used
for vigorous locomotion over firm gronnd. 'l'h e large
arcolœ and spine-musclcs were again present, and

J 'l'ho Depths of th e Sea. London : illacmillan and Co., 18i:1.
l'. t c I.
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th e ohjcct or thci r excessive developmcnt wns new
obvions.

I n Pho rmosonuc lU'II Il 11S t hcrc is but Iittle difference
in chnructe r bet ween th e upper and th e lower surfaces
of the test , and the species thus holds a place inter­
mediate betwecn the genera Pkormosomo and Catrerla.

J mllllt l'!J 318t.-Thc trawl wns put over iu 2.125
fut homs about midway bct wccn Cape St. v incent an d
)Iudeira, Sinee our first essay wit h tbe trawl we bad
heen employiug it at gmdually increasing depths, and
our exper-ience was that on perfect ly smooth grouu d
without rocks it worked with even grcater cer tainty
thun th e dredge, ulw uvs fall ing in th e right position
and sen-ecly cver fouling in any way. 'l'he opera­
t ion took a lit tle 1011 ;;t'l' than dredg ing, fol' t he trawl
bcing of Iighter mntcriul and cxposing a much larger
surface to the wnter takcs somewhat longer to go
down, and offers grcatc r resistance in coming up .
T he strain, measured h)' the nccumulntor, is however
probnbly not grcat cr, fol' as th e trnwl is not con­
structcd to ln -i ng up the mntcr inl of the bottom iu
.111)' quantity, the wcight of its contents is usually
much less,

The numbcr of li\'În ~ animais certainly diminishes
nf'tcr wc rcnch a cer ta in point, with incrcasing depth;
an d cven the widc-mcuthcd trnwl rnrcly briugs lII) a
henvy frc ight from depths hcyond 2,000 futhoms.
Such captures, howcvcr, Ircqucntly couutcrvni l t hcir
scnn tincss by the il' Intercst und value. Th is hnul ,
fol' cxnmplc, gave us with a Icw sfnr-fishcs and 11010­
thurida a fine specimen of the' olustered sec-polype,'
Um hellularic D,·œlllandica. (F ig, 36), an ani mal of

{.; l'cut interest, historient as weIl as scient iflc. 'l' welve
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gigant ic alcyonarian polyp , each with eight 1011 0'

fringed arms, t erminat e in a close elu ter a cal­
careous stem 90 centim ètres hieh,

FIG. 36.-Umbellulurla gramluud lw , L, Nnt urnl aize. (No. 7.)

'I'wo specimens of this fine specics were brought
l'rom the coast of Greenland carly in la st century
hy Captain Adriaanz , who Iound them adhering to
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t he sounding lin e brought up from about 300 futhoma
wat er. 'l'hey wcrc dcscribcd by )1. Chr istlob )Iylius in
1754, and one of them was nfte rwnrds dcscribcd in
the Philosophical Transactions hy Ellis, who formed
the erroncous notion , much more intelli gibl e when
one has scen a spec imen, t hnt he had discovered in
Umbellularia the living representative of the' lily
encrinite.' The two specimens described by Mylius
and E llis were lost , und for ft ccn t ury the animal was
uever sccn. A year :lgo t wo specimens 'l'pre taken in
deep water during t Il e expediti on of the Swedish
frigntes ' I ngegerd ' nud " Glndan ' to the Northern
Ocean , and will shor-tly he described by)1. Lindahl,
the nntura list who ncoompnnicd the expedition. ë

',"hcn tnken from t he trnwl t he polyps and the
membrnuo coveting the lun-d axis of the ste m were
so hr ightly phosphorescent, thnt Capta in Mnclear
founrl it cusy to determine th e clmracte r of the light
by t he spect roscope. 1t gaye a H'ry rcstrîcted spec­
trum sharply includcd bctwecn the Iines b and D.

On Mouday, the ârd of F cbrunry , we dred ged off
the Desertas, and in the uf'tcrnoon put down the tmwl.
'L'he bottoru , hOWCY<'t". provcd t a he t ao rocky und
th e t rnwl l'ouled and wus lost.c.-to our grcat regret.
fOI' i t wns wcll made and weil balnuced, and hall been
sucecssful in evcr~' cast, even to the greatest depths.

Ncxt morning wc unchorcd in the roadstead of
Funchal.

"\Ve spent twa days only at Madeira. and we can of
COurse add nothing ta the many excellent descriptions

• M. Lindnhl'a momoir "Om Pennetulid-elagtet Uuibelhile ' W&!J

rend before the Royal Swedieh Aeademy in Febru ery, 1814. and ie
new published (Februery, 187'5).
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which haye bc cu given of th e I sland. ' ,"c, npparc ut ly
in common with all ethers, wero struck wit h its
cxceediug bcnuty, and pnrti cnlru-ly with the wonder­
fuI profusion of Ilowcrs. Pat chcs of glorious colom'
were visi ble from the ship even at this carly season,
and t hesc when lookcd at more closcly reso lved
them selves into astonishing festoons und garlands of
flowering creepers, hnnging across th e strccts and
clothing and mantling over eyery wall and trellis.

'I 'here was a fine B o"yuillrillca in Cuptain Phill i­
rnore's garden nt Gibraltar w11ic11 gl'eat l~' cxcited our
admirat ion ; but round Funchal it was evcrywhcre,
in every sha dc of COIO U I' From a brick-red th rough
r ich er imscn s and violets to a pale delicate man l' Co

,rhat a pitY it is thnt this sing ularly omamental
plant will not as yet stand the climate of E nglund !
F rom it s brill iancy not dcpcnding upon the Ilower, hut
upon a buneh of (n'acls 01' tlowcr- Icaves, it stands IL

long fime, scarcely varying in cûcct from carly in
Deeember to the middle 0 1' end of Augu st. Second
only to the l1uu!Jaiurïi llea in decorating th e verandas
and trellises in ::\I udcira arc scveral spccies of BiU­
nonia, par ticularly B , cennsta, which l'uns out into
long wreat hs, clustc rimr round ever)' nvuilnhle pro­
j ection and glor ifying it with its t rus ses of golden
bells. :Many of OUj' part)' went off' at once on he rse­
back to the hills, whi lst ethers round enough to cnjoy
during t he fcw hours of our stuy, in t he gunlens and
walks in t he ncighbcurhood of t he town.

Madeira is very r ich in lund-shclls, which arc par­
ti cularly interesting owing to th e singular posit ion in
which these Atla.nti c islands stand as t u t he source
and extensi on of th eir land faunes. Sorne of t he
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naturul ista of OUl' party took th e opportunity of
go i n~ over a Yery instructive collection of the land­
sbells which h3S boen made hr t he Rcv. IL 13000'• 0

'fatson, dui-ing his residence.
On the moruing of th e 5th of February we left

)[aùcira and stcc d for th e Cunm-ies. "~e had a
capit al bre ezc ail the way, force " 0- G, l'rom t he
north-east. \re only sto pped to sound once in 1,070
fathoms, about hal f-way j und wc ma de on an ayerage
cight kn ots an hom', 50 thnt wc found ourselves off
Teneriffe carly on th e morrring of th e 7th.

, r e anchored in t he hay of San ta Cruz, and re­
maincd there a couple of dnvs, and sent off a t enting
party, eonsisting of severa l of the civilian scientiflc
staf f und one or h m of the nnvul offlcers, to t he
Cnnûdas, t he mountnin plat eau at an elevat ion of
about 7,000 fcct , 5,000 Ieet bclow the summit of t he
Peak. \ r ith thc Iricndly assistance of th e Bri tish
Consul their arrangements wcro nll sat isfaeto rily
made, 'I'hcy went ncross th e islnud to Orc tnva,
whence they commcnccd the nsccn t of the mounta in.
They speut four ni ghts campcd CHl th e high grouu ds.
It wns too carly in t he scason ta nt tempt the ascent
or the P eak , und rat her tao t'arly fur nutura l-history
work; t he chief objcct wns to get into th e 111Od m:

opcnnuli of auch expeditions in prepara tion fol' th e
futu re. Still collections W C1'C made, both in zoology
and in ge ology, und the pm·tr wcrc grcntly in tercsted
in t he wond erful ntmosphc rle ctlects Jrom t hcir cmnp­
ing-ground ahovc t he lowcr st rntum of clouds. 'l'he
ship wcighed unchor on the moming of .Monduy the
I üth , and took a sounding and dred giug cruise
am onp the isluuds. 1Ve drcdged betwt..-cn 'I'eneriffe
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and Palma mnl pnsscd close 1.11111 l'1' l'al ma, ucnr
enough ta sec the outl ine and bou ndi ng wull of ils
wonderful cra ter ; past Gomera, a fine rugged island,
t he coast showing the usual al te rnntion.c--deep ra­
l'ines and Iava spurs covered with vines an d maize.
Past lI ierro, or Verra, auother fine bold islan d, iuter­
est ing as having beon long regardcd as the western
point of the olrl world , and on thnt aceount chosen as
the zero in reckoning longitude. 'l'he zero line pass­
ing through Hierro is sti lL used in sorne eount ries,
though the mcri dian of Greenwich îs DOW almost un i­
versally employed for praeticnl purr oses, such as the
construction of cherte. The position of Hicrro appcars
to have determincd th e lin c of division of the wcrld
on maps into an eastern and a western hemisphere.

"\Ve had splendid moonlight during our cruise,
an d although th e Peak remaincd ulmost constantJy
shrouded in mist during the day, it sha ne out at nigh t
as a dazzlin gwhitc cone thro ugh the r ifts in the clouds.

"\Ve rcturncd and anche-cd in Santa Cruz Bay on
the morning of Th ursduy the 1:3t1l .

Owing to the unccrtain and bcistcrous weatbcr th e
temperature observat ions tuken du ring th is carly
part of th e cruisc werc not 60 numcroue or 50 com­
plete as wc could have wishcd. 'l'he hot tom tcm­
pcraturcs arc given in Appcndix A. of this chaptcr.
'I'hose off the coast of Portugal corrcspondcd yt'l'Y
closely with the obsorvntl ons made in th e • Porcu­
pine ' in 1B70 and in the' Shcurwatcr in 1871.

A seriel sounding wus takcn on the I ûth J anuary
off Cape 8t. Vincent. which showed a great uni­
formity in the temperature at th at season for the
flrst 200 fath oms :-
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". 0
7'

100
125
1. 0
1rs
200

IG~' 1 C.
15 ' 5
15 - 5
15 - 3
U -2
13 · 6
12 - 8
12' 8
12 '5

and another near the I sland of Gomera on the 12th
of Febru ary t at interva1s of 10 and 20 fathoms, gave
the same resu1t :-

Surface . 18°' 3 C. 120 W · 3 C.
10 18 . 0 140 15 ' t
20 1; . !) !GO 15 . 0
30 1i - !I 180 U ' 3
. 0 li ' 8 200 H ' ::!
'0 ]j' . 8 2:!0 13 ' 7
GO i r ' 1 2-10 13 · 3
;0 17 . 7 ,"0 13 -1
80 1 j . 6 280 12 - 1
.0 1 j . il 300 12 ' 2

100 IG . 6

A sounding takcn at the same station at interv als
of 100 fathoms down to 1,000, showed an entire
modification in the distribution of the band of ab­
normally war m water between 300 and 800 fathoms,
which presents so marked a feature in the tempera­
turc sections off the west coast of Europe :-

Surface _ 18°' fi C. 6('0 1°-2 C.
100 15 ' 0 700 6 ·'
200 13 . 2 800 5 -5
300 10' 8 900 • · 7
. 00 0 ·0 1,000 3 · '
' 00 j' -6 l ,620-bu~tow 2 ' 3
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Observations made at su bsequen t pci-io rls in t he saille
district gave a mu ch bctrcr ins lght int o the nature
of this change.

'I'hroughout the .ycar mctcoru logicnl observations
were taken with grea t cnrc and rcgulru-ity. 'l'he
barometer, t he wct- und dry-bu lb t hcrmomctcr in
air , the t empera ture of t he sea-surfuce, t he di rect ion
and force 01' the wind, and t he pr oporti on of cloud
and the genera l statc of the weat her , were rcgisteretl
not less t itan once in t wo hours by t he offlccrs or
the wate h. wbcncvcr tho re wa s any mru-kcd pccu­
liarity in at rnosph cric condition or in the tempe­
rature of the sen, or any suspicion t hat thore might
he cause fol' such, observations wcrc made hourly
and often hulf-hourly.

It mu st he rem cmbcred, ho wcvcr, t hut owing to
the ship constantly changing hcr positi on un d pas:--­
ing in to different la titudes and being subjcctcd ta
different local conditio ns, t hcsc observatio ns have
not t he ki nd of val uc 01' a sci-ics of ohscrvut ions
taken at a single spot, but must he rcgurdcd Ils

isolatcd observations, cach gocd ouly for the posi­
tion and date at which it was tukcn. ,A :-; such,
however, t huir importance can scurecly he ovcr­
rat ed in thcir bcari ngs upon t he discussion of t he
question s rcgardin g the movcmcnt of air an d wutcr,
and the conditions of climutc a flccting the main­
tenance and dist r -ibut ion of living' hcin gs, whi ch it
was our mission ta uttcmpt to solve. 'J'his of course
dacs not apply to RCl'ies or observati ons cxtending
over a considerable t irne at Olle place, such as t hosc
t aken in harbour at Bermudas, IIali fax , &c.

T'he numher of eepnratc observations wus 50 great,
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nmouu ting cl tu-ing t he twclvc months fr om the I st
Dcecmbor 1872 to the correspondi ng date in 1873
10 u pwnrds of GO,OOU, and would have occupied so
much spacc in a t ubulnr form, thut it has beon
thought preferable in t his prelimiuary ske tc h to
rcducc sorne of the general resul ta to diagrams.
l n a ser ies of twclve plat es, nccord ingly, the results
arc given fol' t he scveral mouthe. The darker ver­
ticnl tines on the plates ind icate t he hour of 4 A. lr.
1'01' cnch dnv, and the t h rcc intermedi ate lighter
Iines th e hours of 10 A.)L, ·t v.xr., nnd 10 P .1r. re­
spccti vely. 'l' he spaccs bctwccn t he transverse Iines
lmvo the value of '~'oJ th of uu inch on the barornet er
seule rc fcrrcd to ft col umu on the left side of the
dingrmn ; nnd to '~\J- th of u degree centigrade referred
10 a corrcspondiug seule on the ri e -ht, The blacko 0

cunel! Iinc in dicntcs t he vru-iati ons in atmospherlc
pressure rcduccd from hi-hotu-lv observations taken
with a mcrcuriu l buromctcr. Lntcr in t he cruise
wc k HI out from Messrs . El liot t of London a self­
r('g ist (' l'i lJ ~ nncroid bnro mctcr, a bcautiful instru­
mont, but scmcwhnt t oo delica te in it s const ru c­
t ion fol' use on hourd :1 ship. Owing probably to
a trace of fricti on, the nncroid wns usunlly very
sliglJt1,\' bchind t he 11l Cl'CU1'Î<ll barometcr in it s in­
dications, 1III t othcrw isc the close cor responde nce
hctwccn t he two ou-vos was most sat isfactory as
" 11 ovidcuco of t he euro an d aceu l'ucy with which
t he bnrornet .rical observations wcrc t aken.

The l'cd liuc givcs t he variations of the tempera­
turc of t he air projcctcd from observations of a stan­
dard mcreu i-inl thermometer housed in the usual way.
An instrumen t dcvised by M r. Thomas Stevenson
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of Bdlubureh wi th a vien- of el iminnt intr nnv trnn-o ~ •
sient and acciden ta i changes of tempera t ure, an d
thus arrivlng at a more naturnl mean for the day,
was obserred t wiec daily, at 6 A.)I . and at G1'.)1. , by
::\{r. Tizarù. A ma ximum and a minimum register­
iug t hermometer have thcir bulbs immersed in a
small flask fillcd with br ine an d suspcnded on glm­
bals. Th e whole of th e contents of the tlask must
thus he affected by a cha nge of tempera ture before
that chan ge cau be registered by the thermometers.
Th e size of the flask is sc adj usted that t here is
ample timc fol' t his to occur with t he graduel and
normal cycle of dnily temp eratu re, whilc spasmodic
oscill ati ons arc neu tralized beforc they are recorded.

The general resu lt of t his arrangement is t hat th e
maximum stands somcwhat higher in Stcvcnson' s
t ha u in the ord inary maximu m thermometer, white
in the minimum thore is very littl e difference. A
comparative table of the indications of th e common
registering thcrmomct crs in ail' and of "Stevenson'»
mean th ermometcrs,' for six months, is given. in
Appendix U. to t his chaptcr.

Th e yellcw Iine indicatcs t he l'ise and full of the
wet -bulb thcrm ometer,

Th e blue line, pcrhups th e mos t interest ing to us
of the whole, gives th e temperatu re of the surfuc..'C
of the sea.c-easccrtuined hy hringingo up sorne wutcr
at bi -boud y inte rvuls in a druw-hucket , and testi ng
it with a standard t hermomctcr. 'l' he course of th is
blue linc on the diagrnms givcs un cxumplc of the
advantage of sorne such plan of graphie represent a­
t ian, where it cau be employed, in givi ng a rupid
and vivld impression ta t he eye of ph ennmcnn which
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lt would he somewhut difficult t a rcal ize from th e
data presentcd in a tahulnr form.

" 'hen therc is no int crfering cause, nnd where the
sec sur face is free ta assume the local temperature
conditions, th e normal position of the blue line may
perhnps he statcd as markedly belon- the mean of the
l'cd Iine, but a little nbove it s greatest depressions,
'l'he wide elevations and depressions of the l'cd Iine
correspond with changes of wind and al ternations of
hright and cloudy weather, an d these principal devi­
ations of the l'cd Iine t'rom a st raight path th e blue
line follows slowly but upon the whore closely. 'I'he
duily oscillatio ns which arc the most pro minent on
most or the diagrams iudicnte of course th e differ­
once betwceu th e wurm est homo of the clay an d the
coolest hour of th e night. 'l'he sen surface absorba
rrulinnt lient dtu-ing th e day which it does not en­
tirely dissipate during the ui ght , sa that while it s
maxim um nover rises nearl.r sa high as that of the
air Olt middny, its minimum for the coldest period
of the night docs not fall sa Iow, and th e dally
menu which it tends ta tnkc Is just a Iit tle below
thnt of t he air ,

It is rnre ly, howcvcr, that th e wnter of the sea­
surface is nt liberty ta assume the local condi t ions
of temperature. Owing to the un iversal system of
oceanie circulat ion, t he wat er at any one point forma
ueccseurtly par t of an indraught or current moving
from a wurmcr or a calder source, and unless this
movcmcnt be innppreciahly slow, the temperature
obscrvod is not simply that of the station of obser­
vation) but is greatl y effec ted by that of the region
l'mm which the wnter is movlng. whea th e current
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is warm-c-aud th is is usuullv tilt' case in dculiug
with surface movcments, sincc the cold return in­
draughts movc, uulcss in exc cptionul cases, on t he
bot .t om -c- t he blue line i-iscs high ubove the menu of
the red one, and where t hc phcnomenon is extrcme,
as in t he case of t he Gulf-stream and t he Gu inca
cu rrent, this divergence is niost stri king .

7
. '" •. lI ;, ' - l) iAl;r~ '" "lJ" "' i "~ TIJ . , Ii " '('[ ;" " " ,,,( r""", ,,[ l lJ(, w i ",1 j ,!j"ed'" '' """th·",."t l' l'

(;,n"l"''' ; ]" ,, ·e ,,; hy I~·,,,,r"rr. " '1'1,') nt ' ''''1,, ;;:101, .1"""" ,')' 1.1, l ~;;l.

The directi on of the wind is givcn hyaline of
ar rows flying with the win rl. In t he Atlant ic wherc
the deviation of t he eompass is comparatively small,
the direction is refcrrcd ta t he magnetic north.

The force of the wind ia indicat cd by numbera
according to AdmiraI Hcaufoi-t's ecale. 'l'his ecale
ranges from 1 to 12. 1 add ft 'l' able, giving what
mu st he only rogarded as rough approximations to
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the somewhat indefinite values of the numbers-in
ordinary language, in velocity, and in pressure.

," Pressurect: 0:)

~ ~5 Eq uivalen t Expression. Yelocit y per Hour on th e
in ) Iil es. Square Foot

Z ~ :n iu Pounds.c:

---

1 Light Air 1'5 Y6lJ
2 Light Breeze 2 1&0-

-
3 Gentle Breeze 4 '5 -Dr
4- Moderate Breeze 8 .a,

lU

5 Fresh Breeze 12'5 7
ï O"

6 Strong Breeze 18 1 '5
t l\Ioderate Gale 24' 5 2'~

8 Fresh Gale 32 4'8
9 Stropg Gale , 40'5 ï '4

10 Whole Gale. 50 11 '5
Il Storm . 6 1 li

1

12 Hurricane 72 24,

tHlII l AI,T Alt , Jo' nft~1 T IU~ RRA.

ili

". ,.

-'z. .
,-'"
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APPENDIX A.

ln ' .I I'. 11 .

Partictdan 0/ Depila., Temperature, and P Mitit:m, al tJu &unding
Stati.t:nu bdwun. PortIrtUJut! and Teneriffe; tkt Ttmperaturu
correcuâ for Praslin.

00.' •.
IlPp!1I 1a 1 BoUo. Hnrfan i

J'oo;itÎhll.f·u....... 1Te.f"'I'&- -.....t . ... ..~- - 1- .._- - -
i 1612-

12'" 6C. Lat. U - 58'~. Long. 9" "Z-w.Dee.. 30 1, 126 ,
1

1813. 1
Jan. 1 32:' 13 . 9 Lat. ,,0- 2,5' lf. 1.onA:. D-38' 30~ w.

" i 30 13 . fi Lat. ,,0" 2'" s . 1,,>111\'. P" "5· w., 1,lI15 13 . 6 J...t. 3!l" 55' s . Long. 10" 5' w.ia '" 11 ' 1 Lat. :\80 10' N. T.on~. 9" rrw.
"

1,21(1 13 ' 9 1."1L 38° s-s. J.ong.. 9"3!1'w.

" " 13 - 9 1.... . 38" 31' s. La,,~ Ir' !lI ' w.

" ''''' n ' 9 I...r. 38° 28' s . J..ml-:. l/" 35' w ,,.. 10'" Ile; l a - 9 LaL 38° 26'x. LanA". 9" 3!l' w,
,. 1,29<"1 n ' 9 I~L 38° 22' 31r l< . I",,"~ 9" .. ..' w .

1,415 2 ' li 14 ' 2 Lat, 3'S° 14' 25" ~ , Lo ng, ft" "9' "T' w.
,. 1,38t1 ,.. H ' 2 La t, 3'S° 9' "3~ S . 1.0111\'. ll" "8' w.

" 1,800 , ., 13 ' !l Lat. 31° 56' ,. . l '' 'UI{. HI"8·w.

" 1,000 3 ' l' Hi ' !I JAt, 37° l' " :i" N. J..oII~ s-23' ..s- w.ses 12 ' fi 15 ' 0 I.nL 3/i" fi8' 5 0~ l'l . l oOng-. Il" 1..' 20~ w.

" . 90 l fi . 0 LaL 31° 2·~. Lon.o:. 1/" 14' w.

" 690 IS . 6 l.nt. 31i' 25' N. J..ull~. 8" 12' w,

" l , 09t1 3 -r Hi ' 6 I ~I L 3!i° .fi ' l'l . l.o ll/{. 8' 23' w.
29 2,500 lfi • 0 Lllt. 31;° 13'1<. l.oIlI(.1 0· 1' w.
30 1,625 l ' 6 H ' 4 ' ~,t. ali" 2a' 1<. ' '' 'Ill(. 11° 18' w.
al 2,121"> , -u 15 . tl I ~, t . 3!i°2(Y 1<. J..mg.1 3· ..· W.

Fc1J. 1 2,250 , ' 0 15 . 6 Lat. 34' .f' l{ . 1.011 1/:. 14" 1S· w.
e ~ 225 1 . 6 11 ' 2 Let. 32" 0· N. LoIlg-. I Ci· Ci2'w,

610 , ' 0 11 . 2 Ill. T. Huj.,oio 8' 30', H. '1'. Dl",,·!"tll.
, 1.. 'J'. lluJ,oio 18" !lW, n. T. Hugio.

1, l M a . .. 11 . 2 '1H. T. Il,,,'.N t' w. " nre"" L. 'J'. Ituvic ll" 35', Il . T. 11ugio.
930 6 . 0 t 17 • 2 L. T. Engi o 3!1" 0', n. T. Hugill... L. T. (' lllW 21'10', L. T. Bug tc

1
--~-_ . _- .-
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~,,,.: 1~:: 1
._._-

,,,,,>lbi"
o..t~. T.." ....... TC' Nt"' ... · 1""'1;<>0..

..~tl~....... t n"". In... .
-

1873.
r d .. :! I, SOO 2" 4C. rr- 2C Lat. 3:!" 27' s. l.onl\". 18' 40' 30"" w., 1,150 3 . , 17 . 2 1Sail I:""k sr- 25', R. T. Bugio.

, Fun. I.t . 4l1' 50', Sail Rock.

""' .. , 17 . 2 1"" "1 ." Sotme I(r> 3{f 1 obJeet.....

~ 1.. T. Madeira ~.

" '" ... 17 • 2 u, T. lla.lein 59" 80' , R. T. B~o.
t 133" 0', R. T. l [add ra.

• r.sts l . • 17 ' 0 lAI. 19" Ig· l(. Long. 18G 3&' W.

19 '" ••• 17 • 8 1St. An.h"., Tt. :5:!"33', R. T. Tf'Df'rilfe.
l ' in> di Te)".le et - 50', St. ..1nt1n Tt.

) ) [01" Lt . 13i G ~5', Ante~Uf'rrn l ' t.

" 2i 8 ... 17 . 8 Al.>oollll l' t. 61· 10', 110 e Lt.
Gll~, I"IlJl"e 400 0', d itto.

'" i . 0 li . 5 1) Inl., 1.1. 119- 0', Ante;lu el1'1l Pt
" l ' lee .n Tl'~'dc 26G 55' ole T.t.

560 i ' 2 17 . 5 1!'\t. Andre Tr. 60" 5', t.t. Ho.
" Plco .u Te)",I\' 13° O', St. Andre Tt.

te 17 . 8 1Alltc'l llerl'il l ' t. '1> RO'l'IeUe Pt.
" ... '1> i 1G I ll', Ann~ Rk.

li9
\ Lt. Ho. 3 ~~ 0', R. T. Teuerillê .

" ... .. . , 1 Antc<J\lerrn Pt. 2i' ~O', Lt. Ho.

'" 1 . • li . 8 1 \ ,\ u :.,.... ll k. U · 0', R T. Tcllerilfe.

" Il.. T. T"nenlli: 2S' 50' AU:lga Rk.

1,390 , . 0 17 • 8 \ .-\n":.,0:1 Hk. ,n' 10', :Madeira Pt.
" 11.. T. Teneriffe 13' 15', A.na::a m.

11 1,1:50 , . 3 11 ' 2; 1r.",~ l'k. ... sc; p,lm' l't.
Pi co di Teyd. 51' 40' Gomen. P t.

1,310 , • 0 18 , 3
1.. T, Gomera 2S" 55', Jt T. Gomen.

" Hi~~ of R. T. Palma l S3"50', 1..T. OolP.era.

1,620 2 ' 3 18 . 3 1L. . .~". " ', R T. F~ • Solm• • t.
" R. T. Gomera, 131' 30', 1.. T. Ymo.

" 02' 18 ' 3
L. T. Gomera 71- (t', R. T. Gomera.... . R. T. Palma 5~- \!Q'. 1.. T. Gomera.

M 2
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APPENDIX B.

Oomparative Table of tlLe Indications 0/ S tevinson's Mean
ThtrrTvJmeters, and the ordinary Ma.xitnu m and ..lf inimum
Thermometere in Air, /0'1. tiœ Siz ltfcmths f rom tlu I st May
ÛJ the 31st Odober, 1873.

6 , P. .. .

20 '0 16 '5 i 18 ·7 16 0
11l'3 14'5 i 1;;' 3 irs
1:1'2 6 ·5 11'3 e-o

1 8' 1 5 '3: 7'11 4 '0
: 12 '3 9 '7 111 '5 9 '0
112 '2 5 ·7 ' 10 '0 6·0

n-t 5 '0 1 z-n: 4·i
11'2 2 '8 Il 7'1i 1 2 '5

Not rc~i ~t, ' r ' "l.

}2'61 !i'91110
'
UI s-e8' 2 5 '7 7 '~ fj '2

' 11' 6 1;'8 10'5 ts
Not n'A"i~to"·,,d.

13'7 8 '7 12 '[' 8·0
I WO 4'7 u-n 5 '2 1
111 '2 7 'a 14·0 5 '0

9 5 4 '2 Il '0 5'0
l :H 4'4 12 'f) 4'2
11 '2 .2 Il'5 o-s
JI)"3 4 '1 8 ·n 3 '2
11 '7 5· 4 10 '0 5 ·0
16 '1 11 'J 15' 0 lJ'O
22 '0 18 ·7 211"7 17 ·2
22•• 20 8 za-o t a-s
23.2 JV'" 22 '6 18 '0

i ln Ai. . i l n Wntn

' ~Ia~l )' i ;": :'~IAX ·1 ~I i n . '
Il'·l(. p.'g . l>"1l- J)e~.
Cent. Ceut. C,·nt. C~nL

"~ 1
:,
il
il
'1

il
1,

)'11.
eut ,

[in .

" 0
4'1i
2 '2
'>"II
7 '0

~,' ~ 1

HI'
fj '5
li 5 1
Gr,
7' (]

5'5
4' r,
["1;
s-o
, n
3' 2

"0
' 0
3'0
0'0
9. 2

6 ' .)1 .

j
,

1

,, ln Ai•. 1 l n 'l' a

1

LAtit ude , ,,, pgit ',,I•. ,
.-, ,

~l ax. Min . i ~IU. : ~

.. ' - _1 .._ .. 1.

1 1)<'g , Dell, ! n" l:. I l. . i 0
, Cc" t. Cent. l' C. IlI· 1(.'

36 2~S· in 51 w. ! 17 ·1 16 '2 ,1 16 '5 1
37 25s. l11 40 w. 18 '1 14'4 ,1J8 '0 li
38 3 4S· 172 10 w. 15' 3 12'3 ' 15 0 : 1
38 ra x. 71 20 w. ,., ,., G';;
39 5l) S. 69 14 w. 10·4 t -e ,.,.. J7 N. iifi 4~ II·. : 10 '9 5' 7 !l 'O
41 15 s. 65 45 w . 1 9 '0 oe c-t
43 2 N. fi4 2 w. i H 2'3 u-n
AtHlilifax. Novafo\""t ia

l
6 '2 2' 9 G'7

Dit to. Dltto . , 11'8 3" 15 '0
1 Vitto. VittIJ.

1

7·1 ,,' "Uitto. J1iu". "9 s-e 7 '1i 1
Ditto. Intto. 1 9 '0 G'\! ' 0, Dirto. Vit to. 18 '4 7':'1 10 '/1, Dtttc. Uitto.

1
11

'6
,., is -o

e Dltto. lliu" . 9 '5 "0 !.I"O, Ditto. Dittc . 12 '3 4 ·6 12 7
a Ditto . Ditt". r,'7 3'0 5 '0
9 Dit to. Vit ro. 11 'S fI'8 112 '/)
0 " 31>. 63 auw. 0 '2 3 '2

1
"2,

" 10 N, 6:1 39 w. "3 ,., "0
2 u 19 N. 63 11 w , 11'4 ' 3 10 ' 2
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The Fin I. Deep-eee SeetiOD.- U Û>&orrnl linliœfwm.- A Grave of
Deep-eee Coral.-Poliopogon amadou.- Red Clay.-Phosphor.
escence,-Surfaca Fauna.-Blind Cruataœaua -c-Fiebee' Nests.­
Tho Paucity of the IIigber Forme of Life.-Deep-sea Annelids.
- The Structure and Mede of Formation of Globigerine Ooze.­
The Habite of the Living ClfJbi!/tI' ii /(/.- Orbllli lla mli~r'a .­

Puh'illulilla.-' Ccceclltbe ' and ' Rhabdcli ths.r-c-The Origin and
Extension of the ' nRJ Clll.y.'-llaJ ioÙuian Ooze.-The Use of
the 1'0"," DeL - The Vert ical D istribution of Temperature
tll roUl)holl\ the Secnon .c-Speeiâe Grariries,

Al'I'f:S' IHX A.-T;lhle of Temperatures observed between Teneriffe and
Sombrero Island.

A I' p ~: x r)l x B.-TrahIe of Specifie Grav it ies observed bet ween Teneriffe
an,1 Sotub rcro Island.

A L'I'Il OCGII important observa tions hud boen taken
and In:lIlY intcrestiug add it ions had been made to
our knowlcdge of the fau ua of the dec p sea duriug
th e carlic r part of th e vo)"ngC', th e regular work of
the Expedit ion cau only be suid ta ha ve commenced
with th e section ncross the Atlantic from 'I'eneriffe
ta Sombrera. It hnd takcn nll our tirne, up ta our
departurc from th e Cannry I slan ds, ta put the ma­
chinery into working arder, ta set tle the direction
and scopc of the parts to be assigned ta th e varloua
memhers of th e Staff, and to devise among us a
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sat isfnctory rout ine of W Oi k. J\t Santa Cru z the
old jcumnls werc closcd, and the uumbci-ing of th e
stations und t he ether entries wcrc couu ncnccd
afresh with sorne- al tera tion s, the rosult of additiounl
e::s:perlence. As th is first ocean sect ion mny he
taken as a fair sauiple of t he occupation of our
workine dan for now upwnrtls of two " cnrs 1 will::1 • • •

gi ve a detailcd account of OU r procecd iugs, even nt
the r isk of mnkiug this chnptcr somcwhnt tcchnical.
"~e left San ta Cruz on t he cvening of Fr' idny

th e 14th of F cbru ary. 'J'he wcuthcr wns ln-ight an d
pl easant , with a 1i~1Jt lu-cczc-c-Iorcc cqunl to ubout ::i
-from the nort h-oust. Our course dru-ing th e night
lay nearly wcst wurd , end on the morn ing of' t he HHh
wc sou ndcd about ï 5 miles from 'I'cucr iflc und 2,(j:W
mi les from Sombrero Island th e ncarest point in t he
Yirg in Group in l , ~!J l fat I IOnl !', with a hot torn of
grcy glohigerin u-ooze mixed wit h a li tt le volcanic
det rit us. 'nie uvcrage of two )l illcr·Cas('l1a thcr­
mometers g'êlYC a. bcttom temperature of 2~ O.

The dredge wus put ovcr at U A.)f., but came up
cmpty sorne hours luter, the ropc huving nppurently
fou led when paying out.

'l'he ship wns stemne rl roun d tn ohtniu the <le­
viatiou of the COlllfl:lSS using t he h ue bcm-ing
of the Peak of 'I'encri ffc ; and t his very important
manœuvre may possihly lmvc hnd sornct hing tu do
on this occasion with th e miscnrriuge of t he drcdg­
ing, always a. delicate operat ion at such depth s
when therc is uny drift. During t he day Lieutenant
Bethell t ook u series of t emperatures, at in tervnls
of 100 fat homs down to 1,000, with Mr. Sie­
mens' resistance deep-sea temperature appa ratus, A



P r.ATE TY. The Track of the S kip f rom Tenerifle to Sombrero, shofcing the date, the POR,'tiO • the depth, and the nature of the bottom al each ohserving station.
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Miller-Casella thermometcr wns attached to the
cable at every 100 futb oms, so that the one metb od
of determinati on rnight check t he otber. The sound­
ing gave the following result ;-

i=,~ 1 T_rnl"' I'IItur. I'1
1

T""'~tn'",
8i~'QU.· al' , ..ntulI- br M ilI~,..ç. ... lla

1
, I.MIm .....oto.~.

--------
F" t1,,~,, " .

1(Ji) 15°' 3 C. 16°· li C.
200 13 • G 13 ' 2

500 8 ' . 8 ' Û
,no 6 ' 6
&0(1 :; ' 5 1) • 1

1000 5 '4 4 . 0

This rosult nppearcd ta he on th e whole satis factory
for a fl rs t tri al , and it was }Ir. Bethell' s impression
th at wit h a li t tl e more prncticc in th e use of Sir
w illiam Thornson 's marine galvnnomete r, the instru­
ment employed in ohscrving t he indicat ions, it might
he possible ta arrive nt cousidcrn blc nccuracy.

'l' he slip wntcr-hot tlc which 'l'as used by Dr.
l\le~' e l' and ] )1'••I neobscn in t he German North Sen.
Ex pediti on of t he suuuner of 1872 wns sent dowu
ta th e bcttoui , and l\fr. Bu chnuau detcrmiued the
specillc gra vity of th e botteur wutcr to he l '025S L
at fi. tempera tu re of 17°'ü C., th e speci fie g l"aYity
of SU l' l'''ICC watcr hciug l 'O:Ua S at a temperature of
18°'5 c.

An Sunday, th e J ûth , wc spcnt sniling with a light
air l'rom th e northwnrd, and by Mondny morning
we hnd made about 130 miles from our previous
sounding. The dredge wns pu t over nt 5.15 A .}f,
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with 2,700 fat homs rope, and a weight of 2 cwt . 300
fath oms before the dredge. A sounding was t nken
at 7 A.)J. with the ' Hydrn ' mach ine nnd 2 cwt. i fi

slip water -bott lu and two t hcruiomcters, l'os. 4!J an d
'.10, beiug sent down 3 10n~ wit h it. Th e soun di ng
instrument gnvc a dept h of l ,U-J.,j fut homs, with a
bottom of grey glohigerinn-ooze con tnining ma il)"
large fornminiferu. 'l'h e menu of th e two thcrmo­
meters wns 2' C . ~ and th e specifie g'md t:,-' of the hot­
tom wat er l ' 0~;j 2 7 at ur"a C., tlmt of th e su rface
water heing l 'O~fj:!U nt 1U" (; C.

Art er steam ing up to t he drcdgc once 01' t wlcc,
hauling-in was conu nenccd at ],;':0 1'.:\1 ., and t he
dredge carne up nt 3.30 hnlf full of compact yel­
lowisb ooze. 'The oozc wus curcfull y sifted, but
nothing wns roun d in it wit h t he except ion of fora­
minifera, the ctolitcs of flshcs, t he dend shclls of
pteropods, and one mut ilntcd specimen of whut " P"
penrs to Ile fi new Gephyrean . 'l' his animal was
examined b)' Dr. v. "ïll(~mœs-Suhm , who round t hut
it shows a comhinat ion of t he chnrae tcrs of th e
Sipunculucca and th e I' riapulucoa. As in th e form el'
g rou p, t he cxc retory orif ice is ncnr the mouth, in the
a nterlor part 01' the body i whtlc, as in th e latter,
there is no preboscis und t herc arc 11 0 tontaclcs.
'l'he pharynx is very short, and is attuchcd ta th e
walls of t he body by four ret racter muscles. 'l'Ill:
pharynx shows six tu seven Iolds cnd ing in a chi ­
tinous bord er. 'l'h e mouth is a round aperture,
beset with smail cu ticulu r pnpil lœ. 'l' IH.' por isorn is
dlvlded intc four muscular bands, the surface layer
showing a t issue of square meshea in each of which
thore are four to five sense-bodies. Fer th e reception
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of this sing ular species Dr. v. Willem œs-Suhm pro·
posed t a estahlis h t he g-cnns Leiodenna, which will
represent a family in term ediate between the sipuu­
culids and the ptiapul ids :- P ùarynx attached to the
hody-wall by four rctractors ; no teu tacles, no pro­
boscis, and no ph uryngcal tceth ; cxcrctory opening
in the untcrio r part of th e hody near the mout h.

On the 18th we souuded at n A.)[. lat. 25~ 45' N.,
long. 20~ 12' w , 100 mil es S.\ V. of the I sland of
Fe rro , and 50 miles ta t he west of the station of t he
day before, in 1,525 fathoms. Th e ' H ydra ' t ube
brought up no bottom, and wc sounded aga in with a
depth of 1,520 fathotns, and aguin no bottom. It
thus seemed that we had got upon hard ground, and
as the sounding of the following day gave 2,220 at a
distance of only 19 miles, wc had eviden tly st ruck
the top of a steel' ri se. 'l'he drcdge was lowered at
10 A.)I. with 2,220 fathoms of line and 2 cwt. leads
300 fat homs before the drcdgc. At 5.30 P. J.I. t he
dredge was hauled up, and con tained a fcw small
pieccs of stone rescmb ling the volcanic rocks of the
Cnnury I slands, and sorne large bases of uttachment
and branches of the calcal'CO US axis of an nlcyonarian
polyp nllicd ta I sis. Sorne of the Jnrger sturnps were
nem-ly an inch in dinmctcr; the central portion very
compact, and of a pure wh ite colour; t he surface
longitudinally grooved, and of a glossy black. The
picccs of the base of the coral which had been
torn off by the dredge 'l'cre in one or 1\YO cases
sevcral inches ucross and upw ards of an inch thick,
forming ft thick cru st from which the branches of
t he coral sprang. T'he crus t was black on the SU l'­

face, showing a fine reguler granula t ion, and a
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fracture t hrough the crust was of a uniform clark
brown colou r and semi-crysta lline.

Th e sing ular observat ion wns nffcrwards made by
),11'. Buchanan that th is black or brown substance
which cncrus ted t he coral n'Hl nppcared to pa..ss iota
and to form it s bases of nttachmcnt eonsisted of
almost pure black oxidc of mnngnnesc, Th e wholc
of the coral wus dC.1Ù, a nd nppcarcd to have beon 50

for a long Ume. lt wns sa Ircsh in its tex t ure thnt
it was scarce ly possible to suppose thnt it wns sub­
fossil, although from th e compnratively great dcpth
at which it was round, nud the mnuv evidences of
volcanic action O\'C l' t he whol c of this region, one
could scarcely avnid spcculutiug whcther it might
not hnvc Iived at a lrigher Ievcl und beon onrricd
into it s present posit ion by a subsidcnce at the sea­
bottom.

Attachcd to th c branches of th e coral thcrc werc
several specimens of a mugniflcen t sponge bclougiug
to the H E XACTI XEJ.LIlU ·:. One specimen, conslsting
of two individuels united togethcr hy thcir bases,
is GO cent imètre s across, und hus n'l'~' m uch the ap­
pearance of t he Inrgc exam ple of t he tinder-Iungus
attached to the trunk of a t rec (F ig. 3~) . Both sur­
faces of the sronge arc cuvcred wit h a delicate
network of square mcshes closely rcscmb ling that
of HyulollelnU, and formel! hy spicules of almost the
same patterns. 'l' he eponge is hordcrcd hy a Iringc
of fine spicules, and from th e base a large brush of
strong, glassy, unehoring spicu les projcct , fi xing it t o
it s place of uttachment. 'l'he form 01' tho bnrbed end
of the anehoring spicules is as yet unique among
eponges . Two wide, cornpressed flukcs form an
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anehor very much .Iike t hat of one of t he skin-spicules
of Synclp tU. 'l'he sponge when brough t ur was of a

FIO. 38. - PQliopogon. aMad ou, ,," Y\' I LU ': T HOMSON. Oue-third th o nntu rnl size , (No. :1. )

delicate cream colom', It wns necess ary to stce p it
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in fresh water ta free it from salt, an d the colour
chan gcd to a leaden grcy. A number of stnnll ex­
amples of the eponge, SOlUe of thcm. not much beyoud
the condition of gemmules, were round attuched ta
the Iarger specimens and to branches of the coral,
so that wc have an opportunity of st udying th e
earlier stages of its devclopment.

For this spa nge. whlch fonns the type of a new
genus, I propose the nnme P ol iop 0[fOl/- 1 ama dou. It
cornes nearest to lIy(( lollema, from which it differa
chiefly in externat form and habit , in the smallcr
amount of development and concentration of th e
large an chor ing reet-spicul es, and in the form of
these spicules and of the spicules of the out er fringc.
In other pnrti culars, as in design an d structure of
the ou ter uetwork , t he fcrm of the spicules which
make up the structure of the subs tance of' the spongc,
and th e form of the double grapnel of the sarcode,
the hm genera upproaeh one an other very closely.

Am ong the branches of the cora l thc rc wcro Many
specim ens of an ophiurid apparentl y of an unde­
scribed species, and thore was foun d one disk an d a.
portion of a mutilatcd m-m of a small B l'isil1!1a whosc
charactere do not ent ircly correspond with those of
either of the specics h ithcrto dcfincd.

At tached ta the eponge wcre twc exemples of a
fine Annelid which Dr. v. Wï llemœs-Suh m rcferred ta
the famil y AMPllINOMI DA:, suh-family Euplu -osyninœ,
with many of the oharnctcrs of' t he gcnus Enphro­
8."lne. 'l' he body is 12 mm. long and fi mm. bread,
and consista of flftecn seg ments . 'l'he surface of
the head is covered wlth a caru ncle cxtcnding ovcr

1 n O).I;'" white, and lI'"':'YWI', n beard,
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mentioncd this rich haul
one or two corals, and one

the anterior segments, and the whole surface of the
body is clothed witli milk-white two-hranched setœ,
which radiate over each segment Iike a fan. It
cannat be ascertaincd without careful dissection­
which has not as yet been possible-whether this
is the type of a new genus or a Euphrosyne with
very small branchiœ.

Besides the specics
yielderl severa] hryozoa,
or two 8ma11 sponges.

On the following day wc sounderl in 2,220 fathoms,
on the opposite side of the ridge. This was one of the
rare cases in which the ' Hydra' sounding machine
did not disenguge its weights, and we consequently
lost the instruments sent down with it -a water­
bottle, two thermometers, and a pressure gauge de­
signed by :NIr. Buchanan and on trial as to its efficiency.
A series of temperatures were taken from the sur­
face ta 1,500 fathoms at intervals of 100 fathoms :-

Surface 19°·iiC. 800 fatboms 50. GC.

100 fathorns 17 .'1 900 4 '7
"200

"
1:3 '7 1000

"
4'(j

300
"

Il '0 1100
"

3 . 8

400
"

!) 'ii 1200
"

:3 . fi

500
"

7 '6 1:300
"

3 . 1
G(IO

"
li . ;") 1400

"
2 '8

700
"

6 '2 1500
"

2 . 6

The dredge was not used, but, as is our custom
whenever the rate of the ship is such as to make it
practicable, a large tow-net was put out astern.
We procured a number of specimens of the remark­
able surface annelid Alciope, with large, deeply­
pigmented e~Tes; and a number of the delicate,

N
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transparent crustaceans of the so-call cd genera
E rictkne and .âlima, which have heen Int terlv shawn
by Claus ta be lnrvnl stages of varions Squil lirhe.

'I'owards mid -cl ay in hot, calm went hcr the tow-net
when used on the surface is usu ally uusu cocssfu l.
It secms that t he greater numhcr of pelagie fonns
retire during th e lient of th e day ta th e depth of fi few
fathom s, and come up in the cool of the evcning and
in the morning, and in some cases in the n ig ht. The
larger phosphorescent nnimnl s arc frcquently nbund­
ant dui-ing th e night round th e sh ip and in its wake,
while none arc tnkcn in th e net during the day . .l\Ir.
Moseley lias bccn speciully cng-f1 g'ccl in working np
the developutcn tnl stages of P !l I'UiiOI/l It, and t he inti­
mate structure of the t issu es a nd crgn ns of sorne of
the surface groups, whose cx trcmc trnnsparency ren­
ders them parfi culai-ly suitu blc for such researches.

Feb. 2L-Up to 2.15 1'. ::11. going on under aU plain
sail at the rat e of six knct s an hour before the N .E.
trades, force 3 ta 4. Sounded in t he afternoon in
2.740 fat homs, t he ' H ydra' machine bringing up a
small qu antity of yellowish glohigerina-ooze. 'l'he
thermometers reg istered a bot tom temperature of
2°C., and the bottom watcr taken with the slip water­
bottle gave a specifie gravity of 1'0 2623 at 20° C., the
surface water hav ing a specifie gravity of 1 '02619 at
20°'5 C. 'l'h e dr edge wus put ore l' at 5 P.}!. with 3,4.00
fatbom s of line, and was kept dowu till 1 o'clock
A .M. on th e followiug morning, th e ship drifting
slowly. Our position at noon on t he 21st was about
500 miles S.1V. of 'I'encriffe, lat. 2.10 22' N., long.
24° 11' W .• Sombrero Island S. 58 \Y. 2,220 miles.
'York began early on the 22nd, and th e dredge,
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which had begun its ascent at 1.15 A.~L, came up at
5.45 half full of a y ellowish ooze, which was not so
tenacious as usual, and on the whole singularly
pOOl' in higher l iving things. A caref'ul and labo­
rious sifting of the whole mass gave us three small
living molluscs, referred to the genera Arca (F ig. 39),

l''lo . 3P.-A rca sp .) (~o. 5.

Limopsis (F ig . 40), and L ecla (Fig. 41) ; and two
bryozoa apparently undescribed. Foraminifera were
abundant, many examples of mi liolines being of un­
usually large size. Some beautiful radiolarians were

+
F IG. 40.-Limop. i, (sp .) (Xo . 5.)

sifted out of the mud. Th ese may have been taken
into the dredge on its way up, or more probably they
may have lived on t he su rface or in intermediate
water and have sunk to the bottom after death,
since they consist of continuous fenest rated shells
of silioa,
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A series of t emperature oundines were taken
artel' the dredze came up , with t he following re­
ult :-

Surface 20°· 0 900 fatho ms ·to. t C.
100 fathoms . 1i . 0 1000

"
4 . 0

200
"

13 . 9 1100
"

3 '5

300
"

11 ' 2 1200
"

;~ . 0

400
"

9 . 4 130U
"

2 . fI

500
"

ï . ï 14UO
"

2 . i

600
"

6 . 1500 2 . 0

700
"

6 . 0 274 0
"

2 . 0

'00
"

5 - 2

On un day t he 23r d we continued Out' cour c,
eoinc before th e T.E. trade at an averaoO'c ra te ofo 0

FIG. 41.-I.ttla (sp.) (Xo 5. )

even knots an hour ; the sky and the sea glor iously
bright and blue as ever, Several flying-fish were
obser ved, and many largc examples of Pltysalia,
although t hore was a good deal of surface motion.
At "t l '.M. we shor tened sail and sounded in 2,950
fathoms with th e 'Hydra' machine and 3 cwt. Th e
chamber of t he ' Hydra ' contained a small qu antity
of reddish ooze wit h a few Ioram inifera, 'l'lie eor­
rected temperature at 2,950 fat horns was 2° C.

The following day we sounded in 2,750 fathoms,
and found the bottom st ill more unpromising. It

-
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was of a decided brown coloue, and contained very
ïew definitc organisme, although it gave to a rough
analysis a considerable quanti ty of carbonate of lime.
'l'he bottom temperature was 20 C., the temperature of
th e surface being 200 C.

On Tuesday t he 25th a small dredge was Icwercd
at 0.30 A.M. with 3,500 fat homs of line (2,500 fat homs
of 2t-inch l'ope and 1,000 of z-inch) , and 2 cwt. leads
uttached 300 fathoms in adva nce. At 7.30 wc
sounded in 2,800 fathoms, with a bottom of th e same
redd ish ooze, and a temperature of 2~ C. A series of
temperatures werc taken at intcrvals of 100 fat homs
clown ta 1,000, th e results agrecing clasely with
thoso of the previous ser ies :-

Surface 19°· ;.0. IWO fathoms 6~ ' 30.
100 fa.thom8 . Hl · 0 jlJO

"
5 . ,

200
"

I-! . U $00
"

5 ·:.!

300
"

I l ·1 1100
"

4 . ;}

400
"

U . ;\ 1000
"

4 ' (1
[lOU

"
ü' j :.! ~{)O

"
bultom :! . 0

At 5.15 }'. )(. the drcdgc came up clean and empty.
It hnd either nover rcnched t he bot tom owiag to sorne
local current or t he drift of the sh ip, or clse every­
thing had beon complct cly wnshcd out of it on
its way ta the surface. 'l'he bottom wntcr gnvc a
specifie grav ity of 1'02:>01 at Uf 'ü C., th nt of th e
surface heing 1 ·0~017 nt :n0'3 C. w btle soun diug
th e currcnt-dmg wus trlcd, nud ind icatcd n slight
north-wcstcrly currcn t .

As t he uttcmpt tu drng on the previous day had
hecn un successful, it was dotonuincd to repent the
operation with cvery possible precaution on t he 2üth .
'J'he morn ing wus hl'igh t an d clear, rand the ewell,
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which had been rather heavy the day before, had
gone down consldcra blv. A sounding was taken
about 10 o'clock A. Y . with th e • Hydra • machine and
4 cwt. Th e sounding wus thoroughly satisfacto ry, a
sudden change of rate in the running out of th e line
indicat ing in the meat marked way wheu the weight
had rcacbcd the bottom. Duriug th e sounding a cur­
rent-drag was put down to the dept h of 200 futhome,
an d it was th cn ascertaincd that, Ù)' m éans of manage­
ment and hy meetin g th e curren t by an occnsionul
turn of the screw, th e slri p scarccly mcvcd from her
posit ion during the whole lime th e lcad wns running
out. The dcpth was 3,1.')0 Iathoms ; the bottom a
perfectIy smooth red clay. containing sem-ecly a trace
of organic matter-e-merely one or t wo minute granu~

lar masses. 'l'he thcrmomctcrs indicated a hottom
temperature of l'·a c.

The small drcdgc W 3 S sent down at 2.15 r .sr, with
two hempcu tnnglcs , an d, in ordor to ensu rc its
reaching the hottom, wc uttu ched to the iran bar,
below the dredgc, which is uscd for suspcnding tho
tangles, a ' H ydra. ' instrument \,-ith dctachi ng wcigh t
of 3 cwt. '1'\\"0 arldit ionul wcigh ts of 1 cwt, each
wcrc fixcd to the l'OpC 200 fnthoms hcforc t he drodgc.
3 ,GOO futhoms of l'ope wcrc pnyerl cut-c-L üüü Iuthoms
2 inches in circumfcrencc, und t he rcmaindcr (2,000
fathoms) 2~ inchcs. 'l'he dredge came up at 10.15
P.?-!. with about 1 cwt. of J'cd clay.

This haul intcrcstcd us greatl y. It was the dcepcst
by several hundrcd Iat homs which hud yct hccn taken,
an d, at a11 events colncidcntly with this great in­
crease in depth, t he materia1 of the bottom was
tctally different from what we had been in the habit
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of meeting witb in th e depths of the Atlantic. For
a Iew sou ndings past th e oozc had beon assuming a
durkcr t int, and sbowed on an ulysis a conti nually
lesscning nmount of cnlcareous matter, and , under
the micro scope, a smnller numbcr of foraminifera .
Xow, calcareous sholls of foraminifera were ent irely
want ing, and th e only organisme which could be
detected after washing m'el' and sifting the whole of
th e mud with the greutcst cnrc, 'l'cre three or four
tests of fornminifcrn of th e cristellarinn series, made
up appnrcnt ly of parfi clcs of the smuc red mud. Th e
shclls and spiues of surface animnls 'l'cre nlmcst en·
tirely wnuting : and th is js t he 1110re rcmarkable us
the clnv-mud 'l'as cxccssivelv fine, rcmuiuiusr fol' dnvs. . ...... .
suspcndcd in the wntcr, Iookiug in coloue and cou­
sistcnec cxnctly likc chocolate , indicating thereforc
an nlmost total absence of movemeut in the wnter of
the sen wbcrc it is being depositcd. ",YhCll at lcngth
it sct tles, it forms a pcrfcctly smooth red-brown
pasto, with out the lcnst feeling of grittincss bctween
the Ilngcrs, as if it hud bccn lcvigated with ext rema
cnro fol' a pl'Ol'CSSin sorne rc flncd art . On nunlysis it is
ahuost pure clay, a ailicntc of ulumina and th e sesqui­
cxido of iron.with a stuull qunnf ity of mangancse.

'l'he wcight bcncnth th e drcdge had eertaiuly the
tlcsircd cücct in t his case of bringiug the dredge
rapidly to th e bott om. The stem of the ' Hydra"
machine haù gone dccp into the mud , and was beur ,
upparcntly by t he wclght falling upon il. 'l'he dredge
hnd takcn a dccp scoop 01' mu d, and the line had e114

tnnglcrl it sclf in a. l'ail of 2001' 30 fathoms over the
second weight, showing that it had not been exposed
to any current,
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On the 27th wc proceeded steadi ly on our cou rse,
and on the 28th we soundcd in the morning in 2,720
futhom s with No. l lille, t o wh ich were uttachcd a
• Hydra' machine with 1. cwt . discngngin g weights, a
slip wuter-bottle, and t wo t hermometers. At a dis­
ta nce of 500 fut hom s from t he bottom a stopcock
water-bcttle wus bcnt on to the line. 'l'he tube of the
, llydra ' wus fillcd with a l'l' li mud containing a con­
siderably large!' proport ion of carbonate of lime thun
in the previous sounding, and a fcw shells of cal­
carcous foraminifera. As the bcttom prescntcd 80

Httlc difference from the former, which wc hall round
so nearly dcstitutc of a nimal lite, it wus thought
unllccessary to spcnd t he time and great labour
neeessat-ily invclvcd in dredging , and wc proceedcd
under sail artel' tuk ing a series of' temperature ob­
servat ions :-

Surfilee :2 :2". :2C. -i OO fathoma ~ " . ïe .
10 feth cme 22 . 1 "no "

fi' J
2U

" 21 ' 0 liOO ., !j . :3
3U ., :22 . 1 j(JO ., ,..
4lJ 21 · 7 HOU ., , ·U
riO ., :2 \ ., !JOO ., 4 'U
co :11 ., 1000 .. ;~ . :;
7u " ~1 · ·1 1100

"
:\ . a

." ,. I !J • fi 1200
"

:1 . 1
OU ., 1!.1 • i 1:300 ., ~ 'Ü

!Ou ., ] !J • fi 1400 ., ~ . 7
200 ., 14 · :\ 1500 ., 2 . (j

3110 ., 11 'J l::!7:W ., butto m 1 . !.I

On Saturday, Match l , W(~ sounded in the morn­
ing in 2,575 fatboms with t he 'Hydra ' and 3 cwt.,
t he slip water-bottle, and one thcrmomcter-the stop­
cook water-bottle being aguin attachcd at 500 fat homs
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from the 1 Hydra.' 'I'he bottom 'l'as ooze stiU con.
taining a large proporti on of silicat e of alumina, but
with much more calcareous matter and many more
minute shells than in t he prcv tou s sounding ; showing
that we wcre passiug from the region of dead red clay
which occupics the cxtreme deep water in this place.
The sruall dredge was sent down at R 55 A,lI. with
3,000 fathoms of l'ope, 2,000 futh oms of which werc
ê-Inch l'ope and ncw: 1 cwt. wns uttached 300
futhoms bcforc t he dreduc, and Inter in t he dav ano •
nddit ionnl cwt . wns slippcd dow» t he Iine. At 5.20
l' . lI . the drcd;,"'C came up hott om up wnrd s and qui te
cmpt v. A Ilttlc HUH I on th e nett ing showed tb at
it luul hecu nt the bot toui , nud as the double cha in
to which th e dl'C'llg-c is inun cdiatcly attached wns
twisfctl up in to a close spi ral , wc jud gcd thut t he
hO lfh' f('r~('III('II{ of t he tl l't 'dgc hall plaiuly hccu cnused
ily t he twi st in t he new Iinc. A series of tem­
pcrnt urc observat ions wvrc rnkcn at int crvnls of 20
futhoms from t he surface ta a dcp th of 200 fathoms,
in ordcr to determi ne the rlcpth ta which th e tem­
pointure of the wntcr is nffccted h)' direct rad iation,
'l'h t~ j'ollowing' is t he l'esult : -

SlIl-flll,:U · ' ·l ~ , ~t·. 1:lU Iathoms H;C' oc.
:lU f...LllUnill .,., , H lI ..
'" .. :!:! , IGU 1. 3..
ûU .. ~~ . ~ 1:-;(1 .. " Hi
.... 0 .. :H •• ;?IIH .. " ;

Wu .. i u ."
'l 'he specifi e gravity 01' th e bottom wutcr (2,575

l'athoms) wns 1'02150 at 2r'(j C., tha t of the surface
watcr being 1 ·02581 at 22' ·4 C.

On Sundny, Mnrch 2, wc saw the flrst pa telles of



186 THE ATLANTlO. [CHAr, III .

gulf-weed drifting past the shlp, and flyin g-fish were
abuudant. Our position at 110 0 n 'l' as la t. 22" 30' N.)
long. 42° 6' "'V., Sombrero I sland distant 1,22-J, mil es.
At night the phosphorescence of th e sea was parficu­
larly brilliant, the surface sciutillat .ing wit h bri ght
flashes from the small crustaccans, whi le large cylin­
ders and globes of lambent light , proccedtng prob­
ably from P !J1'0 801}l(l and sorne of the )Icdusœ, glowed
out and slowly disappeared in the wake of th e vessel
at a depth of ft fee- Ieet .

'l'he ncxt moruing wc souuded at ï A .:\1. in 2,025
fathoms with Xo. 1 Iinc, th e' H ydra ' machine and
3 cwt ., ft sli p watcr-bot tlc, and one thc rm omctcr; a
stopcock wuter-bottle wus bcn t on at U23 fathoms
from the hottom. 'l'he ccrrcctcd hottent te mperatu re
was 1°'0 C ., th e tempera t ure of tho surface bcing
22°· 8 C. During the morni ug the nuturali sts wcre
out in a buat with the tow-uct , and t hey hrough t
back a numbcr of fine cxumplcs of' P OIï JlÜt, scvcrul
of Glaucue atùnuicue, sorne shclls of ,Ç",'PÙ'It!<t hem'ing
groups of a smaU stnlked cirrlpcd, and many largo
radiolm-iuns. One of' th e Spil'lt!u sholls was covcred
with a heauti ful stalkcd infusot- iun.

The drcdge was lowcrcd at U.30 .\ .:\1 ., ami lmu lcd
in at 4 .aO r. xr. , unfortuuatcly agnin en tung lcd in u
coil of the l'ope, and empty. A small quanti ty of
mud attached to the nctting of th e drcdgc was round
ta contain a large proportion of t he shells of fora­
minifera, espccially G loùi!J(] l'ùW and Ürbulina. 'l'he
mud was again of a pale grey colcur, and consisted
chiefly of calcic carbonate ,

We proceeded in the evening under ull plain sail.
The soundinga on the char! in advance of us seemed
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to indieate an extensive rise, with a depth of water
averaging Dot much more thau 1,700 fathoms, and it
was determined to dredge again on th e foUowing day.

On the morning of th e -Ith of )la1'eh we sounded
in lat. 21' 38' X., long. 44" 30' W., in 1,900 fathoms,
with No. 1 line, t he ' Hydra ' and 3 cwt. , the sli p
wnter-bot tle, and a thermometcr. The bottom 'l'a s
grey ooze, as on the day before, and t he bottom te m­
perat ure 1°'0 C. The dredgc was put orcr at 8 A."'.
It was intended to at tach n ' Hydra ' tube with dis­
engnging weight a little belon- t he bottom of the
drc dgc ; the weigh t slipped, however , close to th e
surface, and the drcd ge wcs lowered in the ord inary
way with l cwt , 500 fat hom s in cd-ance . 'f he
dredgc came up about J, o' clock with a smnll qu anti ty
of ooze eontaining sor ne l'cd clay, a large proportion
of enlcareous débri s, nnd many foraminifera, ehie fly
Orlm lÎlm and Pnloinnlina.

Wnrpcd in the hcmpen t r mgles t herc was a fine
specimen of a hnndsotuc dccnpod crus t nccan, having
ull the [u'incipnl chnrnctcrs of the family Astncidœ,
but different J'rom t he typicnl dccnpods in th e total
absence of eye-stalks and oyes. Dr. v. W'lilemees­
Sulnn gave t his intcrcsfing dccp-sea form such a prc­
Iiminru-y exmu innti on as wns possible in t he absence
of books of reference. l abstmct from his notes,
lVilh'lIllcsin 1 [('l'tot/adula, n.g. and sp. The single

1 III my fi r4t notlœ of ib captu re, in a lctter publ isbed in K-\TURE
in lIfay 1873, this erusteeean wnadœcribed by Dr. v. Wi.llewœ~uhw

undcr the JJ::lIl1 C of DeiJalll Îa '~J'tod",d!J'a. In NATURE of tbo l Uth of
Octobcr, 11'!7 3, ],fr. Grote, 0110 of tho eurntora of the museum in
llu JflÙO, U.S., pointod out that DâJ amÎ4 Will already eeeupied hy Il
genue of Sphingidœ,and peopceed for the crusl&cean th e genorie nawe
Will,,",.,~i(f, "bich ie ace:ordingly adopted.
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specimen procured (Fig. 42), which is a male, is
120 mm. in total leugth and 33 mm. in width across
the bnse of the cephalo-t horax, which is 60 mm. in
length. 'I'hrcc 1'0W5 of spines , one in t he middle line
and one on each sidc, l'un along th e cephalo-t horax,
which is dividcd by a transverse suleus into an an­
tericr and a pcstcrior part, the form er occupicd by
a cent ral gustric and latera l hcpatic regions, and
th e latter hy a central cnrdiac and lat eral branchial
regions. The abdomen, which consista as usual of
seven segments, has th e cent ral series of spiucs of the
oepha lc -t hcrax cont inucd alon g the middle linc. The
aixth segment heurs the cauclu l appcn dagcs, and in
t he sevcnth, the tel son , wc: fuul t he cxcrctory opcnlng.
'l'h e lateral bord ers of t he hody, an d all t he uppcnd­
3ges with the except ion of th e Ilrs t pairof umbulat cry
legs, arc cdgcd with a close and \"l' l': " bcautiful fi-in ge
of hair of a pale ycllow colou r.

'I 'here are two pairs, t he normal Humber, of'untcnnm,
one pair of mandiblcs, t wo pairs of mnxillœ, tbrcc
pairs of maxillipcds, live pairs of umbula tory legs,
and flvc pairs of swimm crct s. As most of th e ap­
pendages differ from th osc usuull y met wit h in t he
Astacidœ only in detail, it is only ncccssary to men­
t ion thu t t he interior untcnmc hu vc tw o flagella, one
of which is very long, lon g-er thun the cxt crnal flagel­
lum of th e cxtcmnl pair.

The form of t he first pair of nmbulatory legs is
singularly elegant. '1'1 11'Y ure l !) ij mm, in length ­
cons iderably longer th an t he hody ; th ey arc very
slender, and end in a pair of VCI'Y slcnder dcnt iculatcd
chelœ, with a close, vclvet -Iike line of hairs along
their inncr edgea. 'l'he l'est of the umbulntory legs
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10'10. 42.-Jr illclllœsiu lCl' totluctyltl , v. W II.I .I·~ ~1CI;;''i - ::; UII ~1. Nutll1'Ul stze, (Xo. 1:\.)
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are much shorte r, and aU beur chelœ. The specimen
capturcd being a male the flrst pair of swimmerets
are somewhat modifled. The four other pair s of
awimmerets, which are 33 mm. in length, bear each
two narrow swimming pracesses r ichly fringed with
hair , and a short flagellum.

The absence of eyes in many deep-sea animals and
their full development in ot he rs is "cry remarkable.
l have mentioned (' The Depth s of the Sea.' p. 176).
the case of one of th e stnlk -eyed cru staeeans, Etluua
granulata , in which well-developcd cyes are present
in examples t'rom shnllow watcr. In dceper wnter,
from 110 t o 370 fat homs, eye-stalks are present ,
but the animal is apparently hlind, th e cyes being
replaced hy rounded calcareo us termiuations ta t he
stalks ; in examples fr om 500 ta 700 fat-homs in
anothe r locality, t he eye-stnlks have lest t heir special
charactcr, have beeome flxcd, and t huir terminations
comb ine int o a st rang pointed rost ru m. In this case
wc have a graduai modification, dcpcnding apparcntl y
upon a graduai diminu ti on and final rlisappenrance
of solar light. On the oth cr hun d, M unir/ft, t'rom
equal depth s, ha s it a Cj' CS un usuully rlcveloped and
apparently of grea t rlelicacy. I s it possibl e th at in
certain cases, as the sun'a light rli minis hes, th e power
of vision becomes more acute, while at length the cye
becomes suscepti ble of the stimulus of th e fainter
llght of phosphorescence r 'l'he absence of eycs 15
not unknown among th e A stucidœ. .d stacus p ellu­
cidue from the Marnmoth Cuve is blind and l'rom the
seme cause-the absence of light j but morphologic­
any the eyes are not enti rely wanting, for two emall
abortive eye-stalks still remain in tho position in
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which e~'es are developed in all normal decapods. In
lV illemœsia no trace whatever remains either of the
Ql'gans of sight or of their pedicels,

'I'wo specimens of a species of the genus L eda were
sifted out of the mud, and two minute gasteropods,
one a prettily ornamented species, allied apparently
to Solarium (Fig. 43.) These and the ether deep-sea

~· I I1 . 43.-So1arlum (sp.), Greatl y enlarged. (No. IS.)

mollusca will shor tly be placed in the hands of Ml'.
Gwyn Jeffreys for determination. Several specimens
were found on this occasion of two bryozoa of the
Fa1'cirninw'ia group, which ha ve turned up more than
once from great dep th s, fr equently in considerable
quantity, entangled in the swabs or on the outside of
the dredge net . 'I'hey are frequent where the bottom
is of smoot h ooze, and from the appearance and
struct ure of the bunches of horny tubes which form
their roots it would seem that they are in a certain
sense frce, merely an chored in t he surface of the soft
calcareous mud.

Among t he bryozoa, at first sigh t closely resem­
hling th em in forrn and habit, were one or two speci..
mens of an extremely delicate and beau tiful siliceons
sponge ; one, apparently, of th e aberrant stalked
E speriud m, Severai species of this curions little
group occurred in deep wat er in the Atlantic; they
will he rlescr ibed on a future occasion. A ser ial
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temperature soundiu g 'l'as taken, t he intervals being
100 fat homs from the surface to a depth of 1,500
fathoms :-

Sorface 22G
• 2C. 1 900 f.thorns 3~ ' GC.

100 ("'thorns . 18 . !) 1 I O{)(\ 3 "t

200 Hi · ~ i 1100 3 ' 0
" , "

3no
"

12 . t 1200 "
:! ' 5

' 00 "
!) • fi 1300

"
:! . 5

. 00 " 6' 7 1'00 "
:! -:1

GOO
"

ij • 2 15/)0
"

2 . :!

700
"

-1- • j I !JOO
" bouom 1 ' ,

800 "
, ' 1

The specifie gravity of the hot tom water was
1-02517 at 22~·1 C., that of the surface wntcr being
1'02570 al 22" ~ , C,

During t he following night W(~ made about l Of)
mil es, and on the morn ing or t he ûth wc wcrc a li t tl e
to t he south-west of a sounding of 1,B75 futhom s
(Lieut . Berryman) on t he chart, sa th ut wc wcrc «t ill
on a compara tivcly clcvated plntenu. A t raw! with il

22 Ieet bearn wus sent down at !J .v.v., and wu sounded
at 10 ,\.~I, in l ,!';jO futhorus. A slip wutrr-hottl c
accompunicd the ' H ydru ' souuding machin e to the
bottom, and a stupcock wuter-hot t.l c wus bout on 10
t he linc at ] ,000 futhom s From 1he 1101.1 Olll. On
hauling up, t he strong "l"n~s cyl indcr of th e stopcock
watcr-bot tl c was fourul cnllapscd and cr umpled Iike
a piece of paper, This was not Il matter or surprise,
for it was already suspcctcrl thut the vulves had closed
before the bou lc reachcrl t he surface: from hnv ing
been soarce ly suflicicntJy t igh tencd up. 'l'he slip
water-bottle had also miscar ried, sorne mud having
got into the valve and prevented its closing fully.
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The sample in the tube of the' Hydra ' was ooze
containing many foraminifern ; the thennometer
registered a temperature of r ·g C.

'l'he trawl was haulcd in at à }' ,Y. The bcam was
broken through the middle and otherwisc st ran gely
tom and crushcd br t he comb ined action of the
pressure ta which it had becn suhjceted and the strain
of pulling it up rnpidly through th ree miles of water.
The wood was drivee in aud compressed sa as ta
reduee th e diamcter of the bearn hy half an inch, an d
the knots projeetcd a quarter of an inch on all sides.
In the bread-bug cha mber at the end of the trawl
thcrc wns a HUle rond, full of large foraminifera and
the otolites of fi shcs, the fluer débris hnving been
wnshcd through the cnuvns ; and sticking ta the net
worc scvcml exemples of the two bryozoa previously
mcntioned, and a \'er~' perfcct youn g specimen of the
reinarknhle form which wc dredgcd off the coast of
Portu gal, .N((J'esia c!! a{/lUs. Our position at noon
wn s lat . zr 0' K " long. · l·G~ ao' w., Sombrero I sland
distant 072 mi les.

On 'I'luu-sduy the ûth wc soundcd in 2,325
fathoms, scnding down a thcrruometer and th e slip
wntcr-hottle, 'l'he hottom-tempcrature registered
waa r '7 C., and the specifie gravity of the sample of
water wns 1'02 ,1.70 at 2r C., thnt of the surface water
lcing }-02550, nt 23"'a C,

'l'he bot tom 'l'as a ycllowish oozc with a very large
proportion of l'cd clay, and a eorrcsponding decrease
in th e umount 01' carbonate of lim e and in the numbcr
of shclls of fornmiuifcrn ; a considerable approncb to
the character of tho roud from Station 7 on the 24th
of Fcbrunry, when wc 'l'cre npproaching the bed of

o
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fine red clay . SeriaI soundings were tnken at the
usual in tervals down to 1,500 fathoms :-

Sœfaee 22°· sc, ! 900 r. \b oma -10, oc.
100 fathoml . Hl ' t

,
1000 3 ·3

"200
"

It . 9 ll oo "
3 -2

300 .. Il . 9 1200
"

2 -!I

"l() .. 8 · 3 1300 .. :! - 7

500 .. 5 -9 U OO .. 2 . 5

600 .. 3 ·" 1500 .. 2' 1;

700
" -l ' fi 2325 .. bou om 1 · 7

800 .. 4 . :l

A good deal of gulr-wced driftcd pnst du ring the
day , and wc were st r uck hy the circumsta nce that a
large proportion of it , instcad of assuming it s usun l
loose grnccful arra ngement in th e wntcr , wos in th e
form of round compact hall s fi li ttl e largcr than
cricket -halls. .A boat was sent otl' to collcct some,
and about half fi rlczcn eloscly- twincd bundles werc
hrought on board. On pullin~ them to picccs and
examining th orn wc found t hut th e bundlcs wcrc
bound toccther IIY ycry str()n~ transparent strings
of t he viscid secret ion 01' t he siugubu- pelagie fish
.ântcnnarisu tJwJ '1JUJrfl lu~ , and thnt the spnCI~s umong
the fronds wcre fll lcd with ifs 1 ~ .!{g'S . Severa! )"01ln;;

cxamplcs of t his g rote -que 1iUII! an ima l ( F i ~" .H ) wcre
found among th e /;ul f-wL'{ ~l l ; with many cru atuœnns,
sevcral of the nudi hrnnchi utc molluscn ehurnetcr istic
of the gulf-wood fuunn, such as St:ill'Cft peütyica and
Glaucu8 allan ticus, and many plannrians.

On t he following morning the drcd gc wus l'ut ovcr
at 8 A.M., and linc vocrcd to a,ooo fut homs ; und nt
10 o'clock wc sounded in 2,435 fath oms, scnrling
down the slip water-bottle and u thcrmomctcr. 'l'h e
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th ermometer registered r ' i C., and the sample of the
bottom in the' H ydra ' tube was still redder and more
unpromising thau in the sounding of t he day before.

Fa:. ·1i. - ...Ill teJlIWr iuH IIlUnU flrlltu. . ~at Ul"31 size, From the surface.

'l'he dredge came up at '.1.15 r .xr. with a small
quantity of red m ud, in which wc detected only one
single bu t per fectly fres h valve of a small lnmelli­
branchiute mo11usc (.Fig. '.L5). In t he mud there were

"'lU, -11••- .1"ic llln (sp . ). GI'l'ntli' eul urg cd. ( Xo, 10.)

also some shnrks' teeth of at lcnst two genera , ana
a number of very peculiur black ovnl bodies about an
inch' loue with the surface irrerrulnrlv reti culnr ed,b' 0 ,

and within th e rcticulations closely and synu n tri -
cally gmnub ted ; th e whole nppcamnce singularly
likc t hat of the phosphutic 'oncl'ctiollS which ar e sa

o 2
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abundant in the green-sand and trias. My tirst im­
pression was that beth the teeth and th e concretions
were drifted fossils, but on handing over a portion of
one of the latter to ~Ir. Buchnuau for examination,
he found th aï it conslsted of almost pure peroxide of
mangnncse.

The character bath of the exter ior and inteeior of
the nodule st rongly rccallcd the bla ck hase of the
coral which wc dredged in 1,:)30 futhoms on the 18th
of February ; and on going into the matter, )lr.
Buchanan found not only that th e hase of th e coral
ret aining its extcrnnl orgnnic form had th e com­
position of a lu mp of pyrolusitc, but that the glossy
black film ccvcrtng the stem uurl bra nches of the
coral gave also the rcact ion 01' mnngancsc. Th ore
seemed to he Iitfle douht tlmt it was a case of slow
subst itution, for t he mnss of pcroxide of mangan èse
forming t he root sho wcd on Fract ure in sorne places
the conccntrie layera and int ima tc st ructure of th e
original coral. The coral , whcrc it wns unaltcrcd,
had thc ordina ry composit ion, eonsist ing chicfly of
calcic carbonate. 'fatl'l' was ohtuincd hy the slip
water-bot tlc from 300 fat homs with a specifie grav ity
of ioaoi o at Zr ' l C. ; Irotn JOO futhoms of 1'021,75
at 20~'O C, ; From iiOOfutho ms of 1'02010 at 20"'5 C,;
an d at 200 fathom s of l '2iiVj at 2r'(j C. 'l 'he wntcr
from the hottom (2,4:!;j futhoms] bad a specifie gra­
vitY of ) '02576 at 22"' C., and the surface watcr of
l '0252G al 2·t' ·,t C.

On Saturday t he Sth a scund ing was taken in
2,385 fathoms, und th e tube hrou ght up a samplo of
roud of a bright , ligh t chocolate eolour, with a mere
trace of calcic car bonatc-nearly a pure red clay.
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' Ve were laying our course so as to Iuclude a sound­
illg of Lieut, Lee in lat. ut 2' 3G~ N., long. 59" 33' 20~

'V., of 3,300 fathoms, and it seemed th at we were
gradually passing off the plateau-which Captain
Nares has called, in recognition of the vessel from
which its position was first determined, the ' Dolphin
Ri se,'-into the depre ssion indicated by th e deep
sounding, an d that again we had a change in the
nature of the bottom coincident with increase in
depth. A series of temperatures was taken, with th e
resulta tahulated :-

Surface 23~ ' 3C. [100 fathoms ( '" 2C.
100 futh oma . st · 0 1000

"
3 · 0

200
"

10 . 0 1100
"

3 ·.
3UO

"
12 . r. 1~oll

"
3 '2

( OU
"

i$ . 1 130{l
"MIO

" 7 •• 14-00
"

2 ' 5
GOO

"
!i . li 1500

"
:! . [)

JOO
"

5 '0 :!385
"

bott om 1 . 9
suo

"
• ·7

Sorne of our par-ty, usin g the towing-net and col­
lectin g gulf-wccd on the surface l'rom a boat, brought
in a Humber of things bcautiful in their form and
hrilliancy of colouring, and many of them straugely
intcrcsting fol' the way in which thcir glassy trans­
parcncy exposed the working of the most subtle parts
of th uir intcmal machinery j and thesc gave employ­
ment to the microscopi st s in the rleurth of returns
J'rom the dredgc. Our position wne now lat. 19~ 57'
N., long. 53" 20' W... ; Sombrero distant 558 miles.

Sunday 'l'a s a lovcly day. 'l'h e breeze had full en
off somewhut , and the force 'l'as now ouly l'rom 2
to 3. 'I'he sky and sea were gloriously blue, with
hero and there a soft gre~" tress on the sky, and a
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glearuing whi te end on the sea. A pretty Jit tle
Spanish bri gan tine, hr igh t wit la green paint an d
white sails , und the 111('1'1'\' , du skv faces of thrcc or. .
four Spauish girls, came in t he mornin g within
speaking distance an d got her longit ude. She bad
been passing and rc pnssing us for a couple of days ,
wonderiug dcubtless at the irrelevan cy of our move­
ments, shortcuing sail, and stoppi ug c,-crr now and
tben in mid-ocean with il. tine hrccze in our 1'<1)'OU1'.

OU :U onda.,· uioru ing wc part ed from OU I' gay lit tl e
compauion . 're stoppcd ngain to drcdge an d she
got far before us, and wc san- with sorne regret first
her green hull and th ou ltcr white snils pa!':s clown
over th e edgc of th e world.

'l'he sounding on ') [ I) I\(l ay the 10th gnve 2,075
futhoms, with Il bottom of' the sanie l'cd e1:1)' with
VCl'Y lit tle culc.u-cous matter . TI l(.~ hot tom tem pera­
turc wns r ·Q C.. that of th e surface bcing 2:r · :~ C.
The smallcr d l"(~(h;c wu.. sent ovcr at 7. 1 ~ A.:\l. with
3,000 futhoms of line, funr hcmpen tnngl cs, and Il
Ieadcn weight of i"~ HIS. ulmut th reo futh cms bclow
t he drcdge. 'l'he dl"cdg-e wns huuled up at -1. GO J'.U.

with only a \'('l'Y small (IH:l.H t i ly or l'cd mud st ick ing
abou t tho cha in a nd tho mou llr of t1H ~ drcrlgo. 'I'here
could he no douh t from Hu: HJlI lf' lll":l JH 'f: of t he dredgc­
hag that it had couta ined u quant .ity of t he perfcctly
smooth and uniform clar-mut! sncb as harl boen brought
up in the sounding tube, and thnt the grcctcr part
had bo en wnshed out in huul iug uJI. A smnll ûsh, as
yet uudetcrmincd, hut with th e pr-culiui-ity of having
C) 'CS so small as to be neru-ly mic roscopie, wns found
in one of the corners of the dredge-bug. It is very
possible, however, t hat it wus takcn iuto the drcdgc
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on the \Vay up. "\Ve hnd bren struck for some fi me
past with the slu gulnr absence of the lrlgh er forms of
Iife. Kat a bird was to be seen from morning till
night. A fcw kitt iwakes (Larve lddactylus) follo wed
t he ship for the first fcw days after we left 'I'eneri ffe,
but even thèse had diseppenrcd. A single petrel
(Tlw /a8sid l'o1}la j Je/ag ieu) was socn one day from one
of th e beat s on a towing-net excurs ion, but wc had
not yct met with one of th e southern scn-blrds. For
t he last dny 0 1' two SOIllC of the large sea-mauunals
mu} flshcs had heen visible. .A large grampus ( OI'C(t

[l il/diato l') lmd beon moviug round th e ship and
nppnrcntly kccping up wit h it . Sorne shnrks hung
about sccking what they might dcvour, but wc hnd
not snccccdcd in cntchi ng :Hl~' of them. Lovely
dolphius ( Col'!Ip ltm Ul ltijJjJul'w;) passed in their vnryi ng
iridescent colouri ng From th e shndow of the ship into
the suushinc, and glidcd about likc living patches of
ruiubow. Flying.tlsh (E.t:OCel If8 ('colaus) became more
nbundaut, cvidcntly falling a prey to the delphine,
which are rendily dccclvcd hy a r ude imitation of
one of them, a whit e spinning bait, whcn the ship is
going l'ap itll,\' t hrough t he wnter.

'l'he following is th e rosu lt of a temperature soundiug
nt intervnls of fiO fat homs hom t he surface to 800 :-

SUrraco 23'" 3e. ' 450 fetbome i G
• le.

•50 fathoD.ls , 23 ' 0 500 .. 5 ' 8
100 .. 21 ' 1 550 .. 5' 2
iso .. 17 . 8 600 .. 5 ' 0
200 .. 15 ' 4 650 .. "6
250 .. 13 ' 6 700 '" ' (j..
300 .. 12 . 3 800 .. 4 ' 2
:~50 .. 10 ' 3 2676 .. w ltom 1 . 6
' 00 .. 8 '6
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On Tuesday th e Ll th we pursued our course
during the forenoon at the rate of from six to seven
knots, with a light brceac, force 3 to 4. At 2 P. lI .

shor tened and furled sails, and got up steam to
sound. and at 3 D'dock sounded in 3,000 fathoms.
Th e bottom was a pale. chocolnte-colourcd mud, with
sorne gritty pnrticlcs, but very little carbonate of
li me. and no foram inifem. Thc bottom temperature,
reglstered From the menu of two th erm ometcrs , was
r '3 C. On the following moming, March 12, the
small drcdgc, with the hug ll ncd throughout with
bread-log, wns Iowercd cru-lv in th e moming, with
a slip wutor-bot tlc an d two thcrtnomcters. 'l'h is
soundiug 'l'as nl most exnct lv on the spot of Licut .
Lce's sounding of 3,300 futhoms mcntioucd nl.ove,
and gave a somewhut lcss dcpt h, t liC ' Hydra " tulle
retu rn ing fllled with l'cd cluy-mud from a dcpt h of
2,H75 futhom s. 'l'he hot tuui hud l'cry much t he
cha racter of thut of th e l'cr)' tlccp depression which
wc cneo untcrcd corlier in th e crulsc , onlv the mud•
wus not (luite sa homogeneous, contuining a nu mbcr
of gritt)- pa rtielcs. It wus, howcvcr, on th e wbole
vcry smooth, and coutuincd scarcc ly a trace of car­
benate of lime. 'J'Ile thcrmomctcr rcgistcred a hot­
tom temperatu re of r ( j C., an d the sumplc of l.ot tom
wat er had a specifie grnvit)' of 1 'O ~BIG nt 22°·ü C.,
thnt of th e surfa ce ha ving a specifiegrav ity of 1'02·:1,70
at 24°'!) C. A series of temper at ure observat ions was
takcn at intervuls of 100 futhoms from the surface to
1,500 fathoms rc--

Surface
100 Mboms .

200 "

24,?' OC,

20 ' 0
Hi ' 6

300 fllUIOWS ,

400 "
500 "
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Barometer Dry .Bulb Themometer Wet..Bulb Ihereoœcter Temperature of Sea Surface
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600 fathoms 5°' OC. ! 1200 fath oms 2~· 7C.
700 , - 6 ; 1300 2 - 8

" 1 "800
"

, - 0
1

1400
"

2 ' 7
000

" 3 - 5

1
1500

"
2 -5

1000
"

3 - 3 29ï5
"

bottom 1 - 6
1100

" 2' 9 1

The dredge-liue wus veere d to over 4.000 fat homs,
nearly fi statute miles. The dredge came ur at about
half-pnat 5 o'clock, full of red mud of t he same
chamoter as t hat hrought up by the sounding
machin e. E ntangled about the mouth of the dre dge
and embedded in th e mud were many long cases of a
t ube-building annclid, evidently formcd out of the
gritty matter which OCCl\l'S, t hough sparingly, in the
clay. 'l'he t ubes wit h t heir contents were handcd
orel' ta Dr. v. " ' ill emœs-Suhm, who found the worm s
to bclong to t he family Ammocha r-idœ (Claparède
and ::\[ alm goren), closely allied ta the Blaldania or
Clymellidre, all of which build tubes of sand or rond.
'l'ho largest specimens tlrc dged arc 120 mm . in length
by 2 mm. in width . The head is rcunded, with a
lntcrul mout h. 'I'h cre is no tinee of cephalic bran­
chire. 'l 'he worm consista of only from 17 to 20 scg­
monts j the flrst few of tbcsc arc l'cry long- about 17
mm. j while thosc of the pcstcrior por tion of t he body
arc only fi mm. in lcngth . The segments are not
dividcd from one another j but the tori unciniçeri,
which arc occuplcd hy the hair-Iike setœ, and t he
elevations bcaring small uncini, indioate the beginnin g
of a new segment , 'I 'hc number of small books on
the tori ullcinigeri is very large,

Olcparëdo hua caloulated tbat Oioeni« jllifm'mis, to
which this spccics is nearly all icd, is providcd with
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150,000 hooks wherewith ta attach itself in its
tube.

'Iü ere is a pair of glands in each of the segments,
from the second to th e seventh. 'I 'he posit ion and
structure of these has bccn described by Clcparêdc in
the genus Oe enia, in which, bowever, there are only
four pairs. :Most of t he specimens examined are
females, and contain mnnv erres.. - ~

Th ere is no doubt that t his annelld is elosely nllied
to the gcous O,cen;a, but it differs from it in the
absence of cephnlic brauchisc. )[almgrcn hus, how­
ever, already proposcd the namo of Jf!/l'ioc1lele fol' a
form in which this absence of hrauchi te occurs. The
descript ion of the northcrn fcrm on which Mal m­
gren's gcuus is foun dcd is not at hand, so thnt it is
impossible in th e mcantimc tc dctcrmine whcther the
twc forms arc idcntical or spccifical ly disti nct.

As bcaring upon sorne of the most important of
the bread questions which it is our great ohjcct ta
solve, 1 lia not sec thnt nn:' capture which wc coulrl
haye ma de could have boen more Important and more
conclusive t itan that of this annclid. 'l' he dcpth was
2,075, pract ically 3,000 futhoms-c-a rlepth at which
ail the condit ions which might he cxpcctcd to mili­
t ate agnlnst the existence of ani mal Wc must haye
attained their full force, 'l' he natu re of th e Lot­
tom, l'rom the absence of a duc proportion of car­
benate of Iime, was vcry un fuvourahlc ta highcr
animal Iifc, and yet th is creature, wlrich is closcly re­
lated ta the Cl!Jmeniua:, a wcll-knuwn shullow-wutcr
group of high organizat ion, is uhunduut and l'u lly de­
veloped. lt is fortunate in posseeeing auch attributes
us to makc it impossible cyon ta suppose th nt it may



l 'RAl' II I.] TEN EHl FFE TU SOMBRERO. 203

have been taken du ring the passage of tbe dredge to
the surface, or have entered tbe dredge-bag in any
othcr illegitimatc wa)'; and its physiognomy and
habits are the same as t hose of allied forma from
moderate depths . It appears, in faet , conclusive
proof thnt t he conditions of the bottom of the sea to
aU depths are not only such as to admit of the exist­
ence of auimal Iife, but are such as ta allow of the un­
limited extension of t he distribution of animnls high
in the zoological series, and closely in relation with
the chnrac tcrist ic faunrc of shullowcr zones,

On 'I 'hursday the Iût h our posit ion at uoon was
lat. ] 8" z.r X., long. or 28' 1V, A soundin g was
taken in 3,02ü fathcms, and ohscrv ntions were tnken
with the currcut-drog. The' Hydra' tube brough t
np li ncarly uniform l'cd clay with a small trace of
carbountc of lime. One of th e two thcrmomctcrs W Ol S

bro ken, und in the second, which registered r·3 C.,
the mercury had partcd. lt secms probable, how­
en'!", t hut this occurred artel' t he index had registered
the truc minimum, as th e temperature wus precisely
whut might hnvc beon nuficiputed. Th e water in the
slip wnter-bottlc wus muddy. 'l'hcre was a fresh
brcczc in t hc cvcuing , which, hnwever, fell off during
the night , an d wc did not tuuke sa much wuy as wc
expected.

On t he Iorcnoon of the Ldt h wc were still 35 miles
from lnnrl, and wo souu dcd in 1".t20 fathoms. 'l'he
bottom hull altered grcnt ly in character ; it D OW

eonsistcd ch ieOy of calcnreons foruminifern of mnuy
spccies, mixcd with a ccusidcrnhle propor tion of the
broken spicules of siliceous eponges. The bot tom
temperat ure rogistercd wns 3e C. The wnter-bottle
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4°' OC.
3·5
3 . 3

3 ' 1
3-0
3 . 0

was accidentally broken in taking in, 50 that that
observation was lest, A series of temperature sound­
iogs was t aken with the usual intervals ;-

Surface 2-l~ ' 5C. 800 fatbcœe
}OO fath oma . 20 ' 6 000"
200" 16 -2 1000 "

300 " 1100 "
400 " 8 '; 1:200"
500" G -G 1300"
600 " 5 . 8 1420" bottom
700" 4-8

As we were new within slght of land, and all our
resulta were evidently modiflcd 11Y its immediate
proximit y, wc regarded our first decp-sea section as
completcd .

It will he secn from t he forcgoing acoount, with
the accompanying diugra ms, tha t wc ran a continuous
section across ncarly t he widcst part of the North
Atlantic ; and t hat along this line wc establishcd
22 obser ving stations, at dista nces varyin g a littlc
accord ing to circumstances, but nvcragtn g 120 miles
apar t. At cach of thcsc stations one sounùing at
Icast was taken, and, cxccpt in one single instance,
where the wcigh t s of the " Hydra" sounding inst ru­
ment fai lod to disongagc, an ample specimen of t he
bottom was hrought up. 'l'h e samples of the bottom
were earefully labelled and pr cscrvcd. In sorne cases
one and in many cases two Millcr-Cusella thermo­
meters registered th e hottom temperature. A spcci­
men of bottom water, amounting to about two li tres,
wa e brought up on each occasion, except on th e one
already mentioned whcrc the instrument was lost,
and on two others where the valves did not completely
close : its specifie gr avity was deterrnincd, und th e
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water 'l'a s cither subjected to ïurther analysis or re­
tainerl for fut ure investi gation.

I n thirteen cases a dredge measuring 5-J, inches in
Iengt h of opening and 15 in widt h, and weighing 137
lbs., or in very deep watcr one somewha t smaller ,
wns Jowercd ; and in nine instances, uotw ithstanding
the great depths and th e extreme difficulty of th e
operation, brought up a sample of the bottom usually
welghing 1 cwt. or more; and what we couid scarcely
doubt was a fair represent ation of the faune of the
ground which it had gone over at the bottom.

At almost erery station a seria l temperature sound­
ing was taken, the temperature being nscer ta ined at
certain stated intcrvuls, usuall y at int ervals of
100 fathoms from the surface ta 1,500. I n lllany
cases samplcs of wutcr werc brouglit up from
intermediate depths for examinatiou, and in e.er~'

case the surface temperature of th e seo was taken,
the temperature of the air with dry- and wet­
bulb thermomctcrs, and the amount of atmospheric
pressure.

Evcry single operation, whcther of sounding or
drcdging, wns conductod from beginning to end by
Captain Narcs, and in ever~' case the conditions re­
quircd worc detcrmined with an nmount of care which
1eft no rcasonable doubt of their nccuracy within very
n a IT OW limits of errer. 1 should therefore sa)", with
reference to this flrst section, that the result s were
thcroughly satisfactory.

I n the lcngth of the section at the foot of Plate V.
one contimetre division representa 100 nautlcnl miles,
sa thut 1 mm. corresponds with 10 miles . In arder
ta make th e differences in depth perceptible, and at
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the same time to avoid too great an amount of exag­
geration, thi s propor tion bas hccn multipli ed in a
vertical dire ction twenty-five t imes ; sa thnt while
I mm. representa 10 mil es in distance, 2';) mm. re­
present one mile or 1,000 fat homs in depth or height.

A reference to th is sectio n shows thnt t he hottom
of the Atlantic, along a line which corresponds
rou ghly with the Tropic of Cancer, present s very
mu ch the samc chnractcr which it docs further north­
t hat of a plateau showing compnrnt ivcly gcnt le undn­
lations on a large scale. 'l'he sect ion docs not diffcr
verJr materially from the genera l ou tli ne givcn in
sorne of the lat cst at lnscs of physicnl gcogra phy ,­
for examplc, in Pla te XLI of Bticlcr's Hnnd
Atlas ; and it conflrms ur on the wholc, to a remark­
able degree, the soundi ngs of Lieut .-Ccmmunrling
Lee and Lieut ..Commuurline Bcrrymnn of the U.S.
Navy in t he surveyin g ship , Del phin,' whi ch have
furnished ncntly aU t he da ta for th is partioulnr
reg lOn.

After passine over about HO miles of volcnnic mud
and sand , product e of the disintcgration of t he vol­
eanie rocks of t he I slands of t he Cunnry grou p, the
flret four soundings , ta a distance of :wfi mil es from
Santa Cruz at dopth s vm-yiug l'rom 1,::'2;) ta 2,220
fat homs, yieldcd "g lohigcrinn-oozc ' of t he usual
charactcr. rr his ' modern chalk ' consista flrst of aIl
of a creamy surface-layer made up of lit tl c clse thnn
the shells, most of thorn almost eutire, of G lohi[JC1·Ï1ur.,
P u lvin u lina, and Orlm lùut with a relativcly smnll
proporti on of flnely-dividcd matter consisting chiefly
of coccolit hs and rhabdoliths, and a still smaller
proportion of the epines and t ests of radiolarinns,
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and fragments of the spicules of spong es. .Mixed
with these there are usually a considerable number
of the dcad shells of pteropods of the genera Cleodora,
Diacria Oaoolinia, Triplera, and Styliola in a more
or lcss mutilated and disintegrate d condition ; and
living nmoug the ooze, at all events at moderato
depths, there are scat tered examples of many fora­
mini fera of the crystellarian and miliolinc groups,
and the sponges, cora ls, star-flshcs and higher ill­
vertcbra tes, which, with a few flshes bclonging ta
certa in well-dcûned fami lies, complete the fauna of
the region. Ncxt wc have a layer an inch 01' two in
thickness, somewhnt more fi 1"111 in consistence, in
whioh most of the shclls of all ki nd s are more or Iess
broken up and thcir fragments cemented toget her hy
IL cnlcaroous pasto the rcsul t of the complete disen­
tcgratiou of many of them ; and beneath this a nearly
uniform culcareous pnstc, coloured grey hy decom­
posed orgn nic matter and containing whole and fm g­
montru-y shcl ls only spnrscly scattercd through it.
Excellent samples showing the gradua l passage from
one conditio n into the et her are often brought up in
thc t ube of t he souuding-maclrine.

Sincc the ti mc of our dcpm-ture, Mr. Murray lms
beon paying the closost attention ta the question of
t he origin of this cnlcnrco us for mat ion, which is of
so great in tcrcst and importance on aecount of it s
anomaloua charnctcr nnd ifs cno rmous extension.
Very car ly in the voyage, he iormod the opinion thnt
aU the crganisms cntei-ing into its composition at t he
bottom are deud, and that nll of them live abunduntly
at the surface and at intermediute depths, over the
glohigerina-ooze area, t he ooze being forrned by
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the subsidîng of these shells to the bottom after
death.

This is by no means a new view. It was advocated
by t he late Professer Bailey, of " ...est Poin t, shor tly
after the discovery, by tneans of Lient. Brooke' s in­
geuious sounding-instrument, that su ch a formation
had a wide extension in th e Atlant ic. Johannes
Müller, Coua t P ourtales, Krohn, and Max Schultze,
observed GiobifJe1'ina and Orb nlino l iving on t he sur­
face ; and Ernst H aeckel, in his important work upon
th e R adiolaria, rcmarks v that wc often flnd upon,
and car ried along by, t he floati ng pieces of sen-wccd
which are sa frcquently met with in al l scas, forumini­
fera as well as ether animal Iorms which habitually
live at the hottom. However, sct ting asidc thèse
accident a! insta nces, cert ain foraminifera, parficu­
larly in thcir J'oungel' stages, occur in some locali tics
so constan tly, and in such numbors, ûoating on t he
surface of t he sca, thnt t he suspicion sccms justifiable
that t hey possess, at ull events nt. a cert ain pcr-iod of
their existence, a pelagie mode of lifc, diifering in
this respect from most of the remnindcr of t hcir
class . 'l'hus Müller often found in the contents of
the surface-net off t he coast of P ennee, the young of
R otalia, but more particul arly Globigerinœ and Orlnc­
lime, the two latt er frequently covcrcd with fine cal­
careous t ubes, prolongations of the borders of the
fine porcs through which t he pscudopodia protrude
through the sheH. 1 took similar Gloùiuel'inœ and
Orbulinœ almost daily in a fine net at Messina, often
in great nu mbers, par t icularly in February. Often
the shell was covered with a whole forest of extremely
long and delicate calcareous tubes projecting from all
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aides, and probably contribufing essentially to enable
these little an imals ta tloat below the surface of the
watcr by grcatly incrcasing tbcir surface, and conse­
quently theil' friction uguiust t he watcr, and ronder­
iug it more difficult for t hem ta sink ." l In 1865
and 1866 two papcl's were read by 'Major Owen,
F .L.S., before the Li nneau Society, " On the Surface­
fauna of )Iid-Ocean." I n th èse communications the
author sta ted that he hnd tnken foram inifera of the
genera Globigel' i1w a ud P nloi md i na living, in the
tow-net 011 the surface, at many stations in the Indian
and Atlantic Oceans. Ile described the special form s
of th cse genera which wcrc niost connnon, and gave
un intcresting acco un t of t hci r hnbit s ; proposing
fol' a family which sho uld includc Globiçeriua with
OrrJU l ilut as a SU b -gCll US, and P nlo i nnli na, the name
Colymbit re, from the circuuistancc thnt, Iike t he
radiolaria, thcsc foramin ifcra arc round on th e sur­
face aftcr sunsct, , diving ' to sorne dcpth bencath it
duri ng th e heat of thc day. Our collenguc l\Ir.
Gwyn J elfrcys , chicfly on t he st rength of Maj or
Owcn's Impers, maintniucd that certain foraminifcro
wero surfuce-animnls, in opposition ta Dl'. Carpcnter
and mysc1f. ~ I had foi-nied and expresacd a very
strong opinion on the matter. lt seemed to me that
the cvidcnoo wns conclusive thut the fcruruinifera

1 lJ i~ R{f<l io{·n·ien. Eina M:ongr:'pLie von Dr. r'..l'Ost Haeckel.
Ilerlin, l ~û :! . Pages HW, 167.

t " Mr. Jeffreya desiree ta record his d issent from this conclusion,
sioco (from his own observat ions, as well 4S those of Major Owen and
Lieu tenant Palmer) he bclievce Glooi!lel' i lla ta be exclusively an
Ûceunie Fcra rninifar inha biting only the suporfl cial etratu m of the
soa."- 1'I·di millary Report of the Scimtific Bxplorativn 01 i1.~ J)~rp

Bea, Proceedinga of the Royal Society, No. 121, page 4-1.3.
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which formed the glob igcrina-ooze Iivod on the bot­
tom, and that the occurrence of individuels on the
surface wns nccidentu l and except ional ; but after
going iuto the thing cnrefully, and conslderlng t he
mass of evidence wh ich lias bcen accumulatcd by ~lr.

Murray. 1 now admit t hnt 1 was in error ; and 1
agree wit h him that it ma)' be takcn as proved, that
all the mater-inls of such depo sit s (with the exce ption
of l'Ourse of the remnins of animnls which wc now
know ta liv e nt t he hottom at ail depths, and which
coeur in t he deposit ns foreign bodies) arc dcrived
from the surface,

1\11'. ).[url'ay has comlrincd with n carcful examina­
tian of t he soundings, Il constant use of' t he law-net ,
usu ally at t he surface , hut ulso nt deptbs From ten ta
a thousand fathoms ; und Ile tinds the closest rela­
tion to exi st bctween the surfacc-fuuna of an )' parti­
cular locality and t he dcposlt whi eh Is taking place
at the bottcm. I n aU sens, from the cquutor ta the
polar icc, the tow-nct con tnins Globiuer intl!, They
are more ahundant, und of a llll'ger sizc, in wurm er
sens ; severa! varictics uttuining a large aize, and pre­
scnt ing markcd varictal ch nracters, are found in the
intertropical uree of t he Atlant ic, In the la ti tude
of Kerguelen t he )' :II'C lcss nu uu-rous and smaller,
whil e further south they ure st ill more dwarfed, and
only one variety, the typicnl GlobiUI!1';'w buttoidee, is
represcnted. 'f hc li ving OlobitlCl'i lUc from t he tow­
net arc aingularly different in allpcuruncc from the
dead shells wc find at the hottom (Eig. 40). 'I'he
shell is clcnr an d transparent , and cnch of the pores
which penetrate it is surrounded bya raised crest , t he
crest round adjacent pores coalcscin g into a rou ghly
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FIU. 40.- UluMYf l"i llll bult chl es, l'rom th e su rtuc e,

l' 2
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hexagonal ne t work, ISO t hat the pore appcurs to lie
at the bottom of a hexagonal pit. At each angle of
this hcx:agon t he cres t gives off a delicate flexible
calcarcous spiuc, which is sometimes four or five
times the diameter of the shel l in Iength. Thc
spines radiate symmctrically from the direction of the
cent re of each chamber of the shell, and the sbeaves
of long transparent needles, crossing one auo t her in
different directions, haye a very beautiful etfect .
The smaller in uer chambers of the sbcll arc entirely
filled with an orange-ycllow munular sarco de : ande 0 '

t he large t erm inal chambcr usuu lly contains only a
small irregular muss, Of two c r th l'ce small masses
l'un toectber of t he samu vcllow sm-code st uckO ' •
ugaiust one sldc. the rcmaindcr of the clmm ber
being empty. No defiuitc arrangement , und no ap­
proach to structure, wus observed in th e sarcode :
and no diflerentiuti on, wit h the exception of bright
vellow oil-ulohules vcry' much liko t hosc found in. , ,
sorne of t he Hndiolurlans, which m-c scnttere d appa­
rently irrceularlv in th e surcodc - and usually oneo • '
,'cry definite patch of a clearcr uppeurance than the
general muss, coloured vividly with a carm ine solu­
t ion ; and the presence of scattcrcd l'articles of
bioplasm wus iudicaterl hy mi nu te spots hcro and
t here t hrough out the whol c substance, which
received the dye.

W hen th e living Globi!Jer ina is cxnmincd under
,"cry fuvou ruhlc cire umstanccs, t ha t is to say, when
it can be at once plaocd uudcr a t clcrubly high power
of the microscope in frcsh sti ll sca-watcr, th e sur­
eodic contents of th e chambers may he seen to exude
gradually through the pores of the ebell, and spread
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out until it forme a kind of ûocculent fringe round
the sbell, filling up the epuces among the roots of the
spines and rising up a lit tl e ,,"ay along their length.
This external coating of sarcode is rendered very
visible by the oil-glcbules, which arc oval and filled
with iutensely-coloured sccondary globules, and are
drawn along by the sarcode, and may be seen with
a little care following its spreading or con tracting
morcmeuts, At the same time an iufinitcly delicate
sheat b of sm-code containiug minute transparent
granules bu t D O ail-globules, rises on cach of th e
spines to its extremity, and ma)' be «een crceping np
one aide and dowu t he ether of t he spiue wit h the
pcculiar jlowiJ/!! movement wit h which we are sa
familial' in th e pseudopodiu tif Gronda and of t he
Hadiolarinus. If t he ccli in which the Globiyel'illa
is float ing receivc a suddeu shock, or if a drop of
sorne In-ltutlng fluid he added ta t he wuter, the
whole muss of sarcode retrcn ts in to th e shell with
great rnpidity, draw ing the cil-globules along with
it, and the ondine of th e surface of the shell and
oC th e hair-lik c spiucs is lcft as slmrp as before
the cxodus of t he snrcode.

.Major Owen (op . cit .) hus referrcd the Glo/);!ler;Jla
with epines to a dist inct specics, undcr the nnrue of
G. tdreuta. l <lm Incllued rather to believe t hnt all
GlobiY('1'illtC arc, ta a grcatcr or less degree, spiny
when t he sheU hus attaincd it s full developrnent. In
specimens t aken with th e tow-nct the epines arc VC1'y

usually absent j but thut Is probably on uccount of
their cxtreme tcnuity j they are brokeu off by the
slightes t touch. In fresh exemples from the surface
the dots indicating the orig in of the lost epines
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mayalmost always be made out with a high power.
There never ar e spIlles on the Globiqerinœ from the

F IO , ./7,- Ol'bu/ina univel'Blt, () 'O l<J' IO NY, 1<" 1"0111 the surmce, F Ift. )' Umes the nntu rnl slze.

bottom, cven in the shallowest watcr. 'Iwo 01' threc
very markcd varieties 01' Globiqeri na OCClU'; but I
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ccrtai nly do not t hink t hat th e eharaeters of any of
them onu he regu rderl as of specifie velue.

Therc is still a good deal of obseurity about t he
nature of Orbulillll unioerea, an organism which
occurs in some places in large proporti on in tbe
glohigerina-ooze. T he shell of Ürbuiina (l ' ig , 47) is
spherical, usunlly about '5 mm. in diameter, bu t i t is
round of all s111311cr si:r.cs , 'l'he textu re of th e matu re
shell rcsembles closcly t hat of Globiger illu, bu t it
differs in seme important particu lars. Th e pores are
mnrkedly of t wo differen t sizes, the larger about four
times the nrea of th e smaller . 'l'he largcr pores are
the Icss numcrous ; t hey lire scnttercd ovor the sur­
face of t he shcl l wit hout l\llr nppcarnncc of regulari ty :
the smnllcr porcs occup;r t he spnees between t he
lnrgcr. 'l' he crcsts l.ctwccn t he pores are much Iess
rceulnr in Orblllillu t hun t hey me in Globigerinu ;
and the epines, wlrich :lI'C of great length und cxtreme
tcnuity. sccm rather to arise nhruptly from th e top of
scatterer l pap illœ t hau to mark the int ersect ions of
the crests . This origin of th e spines from the papillœ
can he well sccn wit h a moderato power on t he peri­
phery of t he sphcro . The l'pilles are hollow and
flexible ; t hey nnturn lly rndintc re gulm-ly from th e
direction of t he centre of t he sphere ; bu t even in
specimens which have beon ploced under th e
microscope with the grcatcs t cnre , t hey are usunlly
entanglcd togcther in t wisted hu ndles. They ure sa
fragile thnt t he wcight of th e shcll itself, rolling about
wit h t he motion 01' the ship, is usually sufflcicut to
break olf the wholc of t he epines and lenve only t he
pupillin projccting from ib surface, in the course of
a fcw minut es, In sorne exemples, either those in
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process of development, or a ser ies showing a vur letal
divergence from th e ord inary type, the shell is very
t hin and almost perfectly 50100t 1l, with ncitbcr
papillœ D Ol' epines, D Ol' any visible struc ture cxcc pt
th e two classes of P OI1..'"5, wlrich arc constant.

'l'he chamber of Orlnüina is oft en ulmost cmpty;
even in the case of exemples from the surface. which
llppeal' from the freshness and transparen cy of the
shell, t o he living, it is nover full of sarccde ; but it
frcquently coutains a 5111a11 q uantity of yellow snrcodc
stuck uguiust one sldc, as in th e last chamb er of Globi­
fJer illa. Sometimcs, bu t hy no menus coustantly,
wit hin the chumbcr of Orùullno thore is a littlc chain
of t hrec 0 1' four small cham bers sing ularly rcscmbling
in forru , in propor tion, and in sculpture, a small Globi­
ue7'ill(l; and somet imes, bu t ngnin by no mcans con­
staut ly, sr iIles arc dcvclopcd on t he surface of the cal­
careous wall s of th èse inner chambers, Iike those on
th e test of GlobiueriJw . The spincs radiate from t he
position of t he centre of t he chambers and abut
ugainst the ins ide of the wall of t he Orbulina. I n
a few cases, th e inner cham bers have beon obscr vcd
apparcntly a-is ing wit hin fil' amirlst the sarcode
udheriug to the wall of t he Ol' lm I ÎlH' .

~Iaj or Owen rega rds Or/m/il/a as a distinct organ­
ism, ncarly ullied to Globiuerillo, but differing so far
from it as to justify its separat ion into a special sub­
genus. Ile considera the small inner chamber of
Orhulina to represent t he smullcr chamber of Otoôl­
uerina, and t he outer wall a.s t he equivalent of the
large outer chamhcr of O lobi[It?l'ina, dcvelopcd in t his
forro as an Investing chamber. Count Pour tales,
::\Iax Sehultze, and Krohn, on the ether hand, bclieve,



CHAr. nr.] TE NERIFFE TU SOMBRERO. 217

on account of the close resemblance in structure
between the t wo shells, their const an t association. and
the undoubted fact that an object closely resembling
a young Globigerinu is often found within Or tnuina,
t hat the latter is simply a special reproductive
ehamber bud ded from the former, and capable of
existing independently. 1 am rather inclined to the
latter view, althou gh 1 t hink much careful observa­
tion is still req uired to substantiate i t ; and sorne
even of our own observations would sccm to tell
somcwhat in t he opposite direction. Although Orbu­
tina and Giobigel'Ùut arc very u sua lly associuted, they
are so in different propor tions in different Ioeali­
ties; and in the icy sea to t he south of Kerguelen,
alt hough Glob igerill{{ was constantly takcn in the
surface-net , not a single Orlndiua was det ected. L ike
Globige1'Ïlw, Orbuliua is most fully developed and
most abundant in the 'l'armer sens.

Assoeiat cd with thèse form s, and, like them, living
on the surface-c-nud dcnd, with t heil' shells in various
stages of decay , at the bottom, t hcre arc two very
murked spccics or varietius of Pnloiuulin«, P . mell­
ardii and P . micùeliniau«; 'l'h e generai structure of
Puteinutina rescmblcs t hnt of Globiger iua. 'l' he shell
consists of Il congcrlcs of From five t o eight chambers
nrrungod in an irrcg ular spiral. As in Globiçorina;
the last chambcr is the largest; t he inner smaller
chambers are usually flllcd with yel low sarcode ; and,
as in Globiçerlna. t he last chaiubcr is frequently
nearly empty, ft, small irrcgulur mass of sarcode only
oecupying a pa rt of the cavity. The walls of the
chambers arc closely and minutely perforated. The
external surface of the wall ia nearly emcoth, and
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in pm-ticularly well-preserved tow-net specimens spines
may be deteeted closely resembling those of Globi­
gel'ina and Orb uliua, but more thinly scattered and
apparently somewhat more delicate. P uloinulina
menardii, an example of whi eh is here figured in the
condition in whi ch it is usually met with in the ooze
(F ig . 48), has a large discoidal depressed shell, C0 11­

sist ing of a series of fiat chambers oved apping one
another , like a number of coins laid down somewhat
irregula rly, but generally in a spiral ; each chamber

10' 10. 48.-Pult:inuli na mena rclii. n 'O RDW S Y, a, the uppe r, IJ, the Ululer su rfaee. Thi rt y t imes
th e nat ural s ize. Dearl shells fr om th e hotto m, at a clel'I h of 1,900 futh orns.

is bordered by a distinct somewhat thickened solid
rim of definite width. On the lower surface of the
shell th e intervals between the chambers arc indi­
cated by deep grooves. 'l'he largo irregular openin g
of the final chamber is protected by a crescentic
lip, which in some specimens bears a li-inge of spine­
Iike papillai. 'l'hi s form is almost confined to the
warmer seas. It is very abundant on the surface,
and st ill more so during th e day at a depth of
t en to twenty fathoms in the Mid-Atlantic ; and it
ent ers in to th e composition of th e very charactcriatic



CHAP III .] TENERIFFE TO .sOMBRERO. 2 19

, globlgcrina-ooze ' of the "Delphin Rise ' in almost
us large proportion as Globiqeriaa. P ulciuulinc
vückelin iaua is a smaller vur iety ; the up per surface
of the shell is fiattened as in P . menardii, but the
chambers are conicnl and prolonged downwards, 80

that the shell is dceper and somewhat turbinate.
'l'he t wo species usuall y occur together , but P.
micùcliniana hus appureutly a mu ch wider distrib u­
tion than P . menardii ; for whi le the latter was
limitcd to the region of the trade-winds and the
cquatcriul dr ift currvnt , an d wns found ra rcly if
at all ta t he south of the Agulhas cui-rent, the
formel' uccompanicd us sout hward as far as K er­
guelen Land. Ba th fcnns of P uloinuiina, however,
tire more restricted thau GlolJigel'Î1ut .. for even P .
ïnicheliuiana bccame scnrce artel' leuving the Cape,
und the woudcrf'ully pure calcareous formati on in the
neighb ourhood of P l'ÎlH'C Edward I sland and the
Crozets consists almost solcly of Globigerina bnlloides,
und ncithcr spccics of P uloùnilina occurrc d to the
south of Kerguelen Lnnd.

Ove!' a YCI'J' lm-sc pm-t of the' clobieeri na-ooze ' areno 0 0 '

and cspceinlly in t hosc inter tropical rcg ions in which
the format ion is most cluu-ncteristically dcveloped,
although the grcat bulk of t he ooze is made up of
entiro shells and fragment s of shclls of t he above­
describcd fornm inifera, t hcrc is frcquently a oousider­
able propo rtion (amounting in sorne cases ta about
twenty pel' cent. ) of fine granulur matter, which fills
the shclle and t he int erst ices bctwcen them, and forms
fi kind of matrix or cement, 'l'his grnnular substance
is, like the shells, calcareous, disappearing in weak acid
ta a small in soluble residue j wit h a Iow microscopie
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power it appears amorphous, and it is likely to be
regarded, at ftrst sight , as a pasto made up of the
ul timate calcareous particles of the disintegrated
ehells ; but under a higher power it is round to con­
sis! altnost cnt irely of ' coccoliths' and ' rhabdolith s.'
1 need scarcely ente r here inta ft dctail ed description
of these singular bodies, which have already been
carefully st udied by IIuxley, Sorby, Gümbel, Haeckel,
Carter, Oscar Schmidt , 'Wallich, end ethers. 1 nced
only state th at 1 believc our observations have placed
it beyond a doubt that the' cocccliths J are the separ­
ated clements of a pecul iar calcareous armature which
covers certa in spher ical bodies (the ' coccospheres ' of
Dr. w alliclr). Th e rhabdoliths are the like clements
of th e armature of extremcly bcuutiful little bodies,
of which t wo for -ms arc rcprcscntcd in Figs. 19 & 50,
which have been first observed by :Ml'. .Murray and
naturaIly cal led by h irn • rh abdo sph eres.' Cocco­
spheres and rhabdosph eres live nhundantly on the
surface, especiaUy in wnrm cr sens. If a bu ckct of
water he allowed to stand ovcr night with a few pi èces
of thread in it, on examining the th rcuds carcfully
many examples may usually be Iound attachcd to
them ; but Mr. Murray h 3 S round an unfailing supply
of aU forms in the stomachs of Saip re.

·What thesc coceosphcrcs and rhuhdospheres arc,
we are not yet in a position ta say with ccrtainty;
but our atrong imp ression is th at t hey arc eit her
AIgre of a peculiar form, or the reproductive gem­
mules or the sporangiu of sorne minute orguniem,
probably an Alga ; in which latter case the coccolit hs
and rhabdoliths might he regarded as representing in
position and function the' amphidisci ' on the surface
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of the gemmules of Spongilla, or the spiny facets on
the zygospores of many of the Desmideœ. There are
many forms of coccoliths and rhabdoliths, and many
of these are so distinct that they evidently indicate
different species. Mr, Murray believes, however, that
only one form is met with on one sphere; and that,

1' 10. 4P.- A • Rhnbdosp here. ' From the surfilee. Five hundred times the nntuml size.

in ortler to produce the numerous forms ·figured
by Haeckel and Oscar Schmidt, all of which, and
many additional varieties, he has observed, the
spheres must vary in age and development, or in
~ünd. 'I'heir constant presence in the surface-net,
ln surface-wate r drawn in a bucket, and in the
stomachs of surfnce-au imals, sufficiently proves that,
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l ike the ooze-forming foraminifera, the coccoliths and
rhabdolith , which enter so largely into the compo­
sition of t he recent deep-sea calcareous formations,
live on the surface and at intermediate depths, and
sink to the bottom after death. Coccospheres and
rhabdospheres have a very wide, but n ot an un­
limited, distribution . From the Cape of Good Hope
t hey rapidly decreased in number on the surface and

FIO. 50.- '\ • Ithabdosphere.' From th e surface, Two thousnnd times t ue nntu....! . I7-c.

at t he bottom as wc progressed southwards. 'l'he
proportion of their romains in the glo bige rina-ooze
n ear the Crozets and Prince E dward Island was
comparativcly small ; and to t his circumstance the
ext reme cleanness and the unusual nppcarance of
being comp osed of Globiçerinœ alone was pro balJly
mainly du c. 'Vc found t he same kin d of ooze, nearly
free from coccoliths and rhabdolit hs, in what may
be considered about a corresponding latitude in the
north, to the west of Farëo,
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'l'he next seven souudings, extcnding along the
section to a distance of about 1500 miles from
Tener lfle, and at depths varying from 3150 to 2575
fat homs, are marked on th e char t •1'00 clay, ' Ac­
cording ta our present experie nce, th e deposit of
globigcrina-ooze is limited in the open oceans, sueh
as t he Atlan tic, th e Soutliern Sen, and the Pacifie, to
water of Do cer tain depth , the es tremo limit of the
pure chaructcris t ic formation being placed at a depth
of somewherc about 2230 futh oms.

Crossing from thcsc shnllower regions occupied by
the oozc into dcepcr soundin gs, wc find universnlly
thn t t he cnlcnrcous formn tiou grudunlly passes iuto,
and is ûunlly replaced hy, an cxtrcmely fine pur c
clay, which occupics, speaking genctu lly, a11 depths
bclow 2500 fathoms, and consista, almost entirely, of
Il silicate of th e l'cd oxide of iron nnd alumina, The
clay is olt en mixed with ether inorgauie matter, par­
ticuln rly wlth pm-ticles, gmduatlng up to th e size of
large nodul es, of peroxide of nmngnucsc ; and in vol­
canic regions, 0 1' in th eir ncighbo urhood, with frag­
mcnts of pu micc. The t ra nsition is \'cr." slow, an d
extcmls O\"C1' severul huudred fathoms of Incrensin g
dcpth ; t ho shclls g rndunl ly Iose thcir sharpncss of
out lino and ass ume a ki ud of • rotten ' look and a
brownish cclour , and bccomc more and more mixed
with fi. fine aruorpho us red-brown powder, whi...h in­
crcascs stcadily in proportion uutil the lime bas
almost cntircly rlisoppoared. 'l' his brown matter is
in the flnest possibl e state of subdivision, so fine
~hnt when, uftcr sifti ng it to scpnrnte UllY organisms
it ruight contui n, wc put it intc jars to settle, it
remaine d for days in suspension.
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In indicating the nat ure of t he bottom on th e
charts , wc came from ex perience, a nd without any
theorctical considerat ion, to use th ree terme for
soundings in deep water. 'Iwo of these, • gI. oz.' and
1 r . cl.' , were very definite, and indicated strongly
marked forma tions, wit h apparently but few che rac­
ters in common ; but we Irequcntly got soundings
which we could not exactl y call eithe r 1 globigerlua­
ooze ' or ' red clay; ' and before we were fuUy aware
of the nat ure of t hese we werc in the habit of indi­
cating them as • grP.Y ooze ' (gr . oz.]. "~e new l'ecog­
nise the 1 grey ooze ' as, in most cases, an intermediate
stage betwcen the globigcrina-ocze and the rcù clay ;
wc flnd th at , on one sido as it werc of an ideal Iiue,
t he red clay contains more and more of the material
of the calcareous oozc, while, on th e other, the ooze
is mixed with an inc reaslng proportion of 1 l'cd clay.'

'Vhen t he section from Tcneriûe to Sombre ro was
tnken wc had not l'ully reoogni scd the importan ce of
th e transit ion stage, and t he hottorn was mnrkcd on
the chatt ' globigcr ina-ooz.e,' or 'l'cd clay,' accorùing
as one or other gave a distinct and markcd character
to t he sounding. 'l'h e soundinga at Stations 5 and 6.
for exemple, rnight have hccn labellcd ' grey ooze j'

for although it s na tu re lins alt crcd cntirely from the
1 globigerina-ooze, ' t he ' rcd clay ' into wIJ icIJ it is
rapidly passing still centaine a considerable admis­
t ure of carbonate of lime.

The deptb goes on increasing, tu a distance of 1150
miles from 'I'ener iffe, whcn it l'caches 31GO fathoms j

t here the clay is pure and ernooth, and contaîns
scarcely a trace of lime. Prom titis great depth the
bot tom gradually risee, and , with decreasing depth,
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the grey colour and the calcareo us composition of
the oozc retum. 'I'hrec soundiugs in 2050, 1900, and
isso futhoms on t he <Dolphin Hise,' gave highly
characteris tic examplcs of the O lobigerilut formation.
Passing from the mi ddle plateau of t he Atlantic into
the western trough, with depths a lit tl e over 3000
fathoms, the red ob y ret umed in aU its purity : and
our last souudi ug, in 1420 Iathoms, before reaching
Sombrero, restorcd t he "globigerina-ooze ' with its
peculiar associat cd fauua.

This section shows nlso the wide extension and the
vast geologicul im portance of the red-clay formation.
The total dist ance From 'I'cneri ffe to Sombrero is
about 2700 miles. I' rocceding from east to west, wc
haye

ALout ~o miles of volcnnic mud and sand,
,, 3:')0 " "globige-ina-coee,'
,, 10:\0 " 'red clar:
,, 330 " ' glûLigcrin8_ooze,'
,, 850 " 'red clar, '
" 40 " "gfcbigcriun-ooee,'

giving a total of 1000 miles of 'l'cd clay ' to 720 miles
of ' glohigcrina-ooze.'

/1'1Ic following 'l'able, tnken From the chat-t, gives a
goud general idcn of the distribution of the two form­
ation s with regard ta dcpth ; it being understood,
howcver, t hat while in nll the soundings murked ' red
clay' t he chnractcrs of t hut formation greatly 1>re­
domiuntcd, in scveral of t he more shallow of t hèse
the cha nge wns by no menus complete. 'l 'he t able
givcs an 'n'o rage of lUOO futhoms for our sou ndings
in (h is section in the' glohigerina-ooze ;' this is a
dntum of no value, for we sou nded cnly on ce in

Q



226 THE .d.'fL.A..vTIC. (CHU. III.

shnllow water (450 Iuth oms), and we know that this
formation covers large nrens at dcpths between 300
and ..1,00 fut homs ; but the utcau maximum depth at
which it OCClll'S is important, and may he taken at
about 22,")0 fathoms. The mean depth of the 1 red
clay ' soundings is about 2750 fathoms. 'l'he generai
concurrence of many observations would go far to
praye, what seems D OW, indeed, to stand in the post­
t ion of an ascertained fuct, that wherever the depth
increases from about 2200 to 2GOO fathoms, the mo­
dern chalk format ion of the Atlantic passes into a
clay.

- - - - .. _- - -- .._- - --- -- -
)ô. t .. re 01 t lle Dull___ X. I..re vi the 8<>ttolL, Se. or X'". vi
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12 2025 23 451)
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The nature and orlgln of t itis vast deposit of clay
is a questi on of th e very grcatest in tcrcst ; an d 3.1·
though I think therc can he no doubt thot it is in
the main solverl , yct sorne mattcrs of detail are still
involved in difIi cuIty . My first impression was, thut
it migh t be the most mi nutely dividcd materiel, t he
nltimate sediment, produced by the diaintegration of
the land, br r ivera, and hy th e action of th e sen on
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exposed coasts, and held in suspension and distributed
by ocean currents, and only making it se1f manifest
in places unoccup ied by t he "gtobigerina-coze.' Seve­
ral circumstanees scemed, however, to negative this
mode of orig!n. 'l'he formation seemed tao uniform;
whcnever wc met with it , it had t he same character,
and it ooly varied in composition in containing less
or more carbona te of lim e.

Aguin, wc were gradually becoming more and more
couvlnced that aIl the importan t clements of the
"globigceica-ooee ' Iived on the surface; and it
secmed evident thut, 50 long as t he conditions on the
surface remained the samc, no alteration of contour
at the bottom eould possihly prcvent its accumula­
tion ; and th e surface condit ions in t he Mi d-Atlantic
wcre n~ry uniform , a moderato surface-current of a
\ \ .'1')" cquul temperatu re passing continuously over
elevations und depressions, and every wherc yielding
t a t he tow-net the ooze-foruung foramiuifera in t he
S:HllC proporti on. 'l'he lIIid-Atlant ic swanns with
pelagie 3Iollusca ; and in modcrnte depth s, th e shells
cf these Ure constnutly mixcd with th e ' globigerina­
loOZC,' someti mcs in numbcr sufflcient to makc up a
considerable portion uf it s bulk. It is clenr that
thcsc shclls must fall in equnl numbers upon t he red
clay; but scerccly n trace of ODe of t hem is ever
brought up by t he dredgc on the red-clay nrea, It
might be possible to explnin th e absence of shell­
sccrcting nnimals l iû lIU on the bottoni by t he supposi­
tion that th e na ture of the dcposit wus injurious to
thcm ; but the idee of a ca rrent sufficiently strong
to swcep them away if fallin g from the surface, is
ncgutived by the ext reme fineness of the sediment
wlrich is being laid down; the absence of surface

Q2
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shells appears ta be intelligible only on the supposi­
tion that they are in sorne way removed by chemicai
action.

'Ve conclude, therefore, that the ' l'cd clay ' is not
an additional subst ance introduced from without, and
occupying certain depressed regions on account of
sorne law regulati ng its dcposition ; but that it is
produced by t he removnl, by sorne menus or ether,
over th èse areas, of the carbonate of lime which
form s probably about 98 11er cent. of th e material of
the ' globigerlna .ooze.' 1re cnn trace, înd eed, every
successive stage in the rcmoval of the carbonat e of
lime in desccndlng the slcpe of the ridge or pla teau
where the "globigcrtnc-oozc ' is forming, tc th e
region of the clay. 1re flnd, flrst, thut the shells of
pteropods and ether surface mollnsca. which arc cou­
stantly falling on t he hot tom, arc absent , or if a Iew
romain, the)' are brit tl c and ycllow, and eviden tly
clecaying rapidly. 'I'hese shells of rnollu sca dccom­
pose more easi ly, and disapp car sooner , thau t he
smaller and apparently moro delicate shclls of rhizo­
pods. 'l'h e smaller foraminifcra now givc way and
are found in lcsscning proportion to t he larger; t he
ooccolit hs flrst Iosc their t hin out er border and thcn
disappcur, and th e clubs of the rhabdofith s get \\'01'11

out of shape and arc lust scen, un tlcr a hi:;h power,
as minute cylinders scat tcrcd ovcr the fi eld . 'l'he
larger foraminifern arc at tnckud , and instcnd of heing
vividly white and dclicutcly sculpturcd, they bceomc
brown and wom, and finally t hey break ur, cnch
according to its fashion;- the chnmhcr -walls or C laM·
germa fall into wedge-shapcd pi èces which qni ekly
disappeer, and a thick rough crust breaks away from
the surface of Orbulina, leaving a thin inncr sph ère,
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at first heautiCully t ransparent, but soon becoming
opaqne and crumbling away.

In th e meant ime, the proportion of the amo rphous
• red clay ' t o the calcare ous elements of all k inds,
iucreases, until the lat ter disappear, with the excep­
tion of a few scattercd shells of t he larger for amini­
fera, which arc st ill found, even in the most cherac­
teristic si mples of' th e ' l'cd clay.'

'l'hère seems ta be litt le doub t t hat a considerable
proportion of th e fine moleculnr matter of which the
• red d a)" ts, ta a great degree, composed , is the
insoluble residue, t he aeù, as it were, of t he calcareous
organisme wlrich form th e • globlgerina -ooze, ' artel'
the calcnreous matter hus becu by sorne means
removed. 1 do not suppose tha t th e material of
the ' red clay ' exista in the form of the silicate of
alumina und iron in t he lidng fcraru inifera or
ptcropods ; but th at inorgnnic salta oth er th un salts
of lime cxist in nll nuimul tissues, soft nud hard, is
uudoulrted ; uml I huznrd the speculation that during
t he decomposit ion of t hcse tissues in contact with
sea-wntcr and the sundrv matters which it holds in
solution or suspens ion, ' these salta may pass iuto
more stable comhina tions.

Sorne carcful observat ions which have beee made
by Mr. Murray have, however, shown that n great
part of t he ' red clay' is produ ccd, as clnys usually
nro, by t he decomposition of felspat hic minerale.
'l'he source of t he fclspnr is singular; l'I r. lUuna,Y
bas undonbtedly cstublishcd th e fact that ovcr a
large part of th e bcd of th e ocean pnmlce occurs
in quantity in different stages of decny, and that
th is is more special ly evident in t h" 'red clay '
arro ; and he traces, l hav e no doubt correctly, a
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great part of t he mate rinl of the 1 red clay' to
this source. 1\cdulcs coutaiuing a large proportion
of man gnnese pcro xlde are usually more Dl' Jess
abuudant in the 1 red d a)' ; ' and :lI r . :lIurru)'
bel ieves that their materials a re ulsc derived from
t he decomposition of volcuntc product s.

Our dredgings in th e Atlnnt lc, and a subsequent
carefu l cxmuinat iou of t he soundings, ccrtainly
give us t he imp ression thnt the siliceous bodies,
inclu din g the spicules of sJlonges , the spicules and
tests of ra diolm-ians, and th e frustules of diatoms,
which occur- in appreciable pro purt ion in the ' glo­
higeriu a-ooze,' dim luish in n uu ihcr, and t hat the
more delicat e of t hem disappenr in t he transition
from the calcurcous oozo tf) t he ' l'cd clay ; ' and it
is only hy the light of su bsequen t obse rvat ions t11:1t
wc arc new nware 111at th is is 11)" no méans neccssru-ily
the case. I think it may )le wcll 10 anticipatc here
thcse luter result a in ordcr to rnukc t he natu re of
the rlecp -sen deposi ts mure clonr.

On the 2ard of :\hu·ch, 187;;, in the I'aciflc, in
lat. Ir 2-J: X., lung. I l:J~ 10' "B_, bctwccn t he
Caroline und the Lad roue groups, wc soundcd in
4,57[, futhoms. 'l' he hot t run wus sueh as wuuld
naturally have bccn murkcd on t111 ~ l'ha rt from Its
general appcaran ce ' l'cd cluy "; it wus a tlnc dcposit ,
reddish hrcwn in colour, and it eontaincd scareely
a trace of lime. Jt wus some whnt differe nt, howcvcr,
l'rom ordinary • red cla v'-more .rritt y · nnd the• o '
lower purt of the cont ents 01' the soundi ng -tubc
sccmed 10 have beon compuctcd int o a somewhat
cohe rent cake, as if already a st age towards bardon­
ing into stone . When placed nnder the microscope, it
was found to cont ain so large a proportion of the test s
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of radiola tians, th at ~I r. "Murray proposed for it the
Dame' radiolarlan-oose.'

'l'he R ADlOJ.AHIA, whoso nume recu re sa frequently
in these pages, and wh ich play sa importan t a part in
supplying material for these new geological forma­
tions, are not very famili al' t a British naturali sts. It
seems that a very ins iguificant current of cold water
passing southwanls From the Arctic Sca divides against
the north of Scctland, t he main body of it flowing into
the German Ocean, t he temperature of which it lowers
sensibly, and a very ua rrow bclt pussing down along
the west coast s of the Br-itish Jslands. It is in this
belt thut we usunlly work t he drcdge and tow-net ;
and , with the exception of sorne VC1'Y curions com­
pound forms which sometimcs swarm in t he West
Highland Lochs, rud iolariaus are scarce. "~henever

the helt of water of northern derivation is passed,
wlrich is onlv from 00 tu 80 miles from the shore,
thèse forma, ~vh ich frcqucrrtly OCClU' in the Atl antic,
the ) Icditel'rancan, t he Pacifie, and aH moderutely
wnrm sens in sufllcient numbcrs to discolour the
wat or, bccomc ubundnnt. 'l'he l l ADlOLARIA form ft

class of the somcwhu t nega tive sub-ki ugdo rn Pno­
'l'OZOA,_a sub-ki uurlom rctnincd fol' t he reception ofo
nll thosc animuls 01' ccmpnrutively simple stru cture,
s uoh a s the I NI-' USOItI A, &c., whose rel ations we can ­
not yct fully mnkc out. 'I'hc rad iolaria consist essen­
t ially of a little mnss 01' snrcodc, with no ycry defluite
hias as ta l'orm, but tending when irr'it nted ta assume
more or lcss thut of a sphcre. The sm-code conaists
nsuully of' rounrled or ovnl granulaI' ma sses of a
brownish or yellowish colour, inters pei-sed with very
chnmcteristie round oil-eells, bright yellow, and very
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re frac ti ve ; the whole cemented together by soft trans­
parent sarcode iuclud ing fine granules. Near th e
centre of the hody th crc i.~ usually a yory evident
rounded mass of bioplasm which colours dceply with
carmine ; and t he same dye ln-iugs out smallcr bio­
plasts scat tercd through th e genera i substance.
w hen t he animal is at rest and happy in a cell
with abundance of fresh sca-wutce, soft sa rcodic
matter fro m th e perlphernl layer stretches itself
out all round in a maze of strnlght ru diat ing pseu­
dopodia, only visible a mict' a high ma~nifying power l

and in tbcse t he peculia r Howillg mot ion, which is so
characterlsti c of sarcodc fcediug-fllamc nts, is wcll
marked. I n man)' rndi olnrians, and cspecially in
seme yer,f pccul iar compound tonus, a sphcr ical
internul clmmber, callcd the • central capsule; whosc
function we do Ilot fully utu lcrstnnd , is vcry promi­
nen t. T his capsule l e; howcvcr absent , 01' a t a1l
events, cxists in Il \"cry modified Iorm , in th e more
typical groups.

'l'h e hody mny Ile ent irely nukcd, a mere sph ère of
surcodc ~i ving off pscudopodiu ; 0 1' it may have a
more or less ful ty-rlcvelopcd skclet un ; somctimcs
in th e form of sepnrat c h OI' II~' 01' vi liceous spicules,
very like the spicu les of sJl I)Il~"'Cs, disposcd in an
irregular nct-work ovcr the surface. I n one inter­
cst tng form (Fig. 51), which is cspcc iully nbun tlan t
on t he surface in sorne parts of t he Pacifie, minu te
eehina tcd ealeareoue sphères, lookin:; in out linc Iike
the rowels of spurs, arc scnttc rod irrcgulur-ly in a fine
gelat inous cnvclope which iucloscs the g loa nulnr
sarcode and oil-cells. \ Ve 'l'cre familial' wi th t hèse
celcarcous bodies in the soundinga, hu t we hnd
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always t aken t hem for t he spicules of a Holothurian,
whic li they much resemble , I n t he two groups whi ch
are of greatest imp ortance in a geolog ical point of
v iew, the P OLYCYS'l'I NA and the ACAN'rIIO)IE'~' RINA,

t he skeleto u is much more regular and complete.
In the form el' it consists of a delicate external shell
of silica, minutely fenestrated, and often presenting

FIfl 51.- Culffll'O rn lllft ) ra1c'm'clt t "' \"\'11.1.1': r l· 1I 0~ I "'OS . 'Vith the pseud opodia contructc rl. From
the sn rfnco. 'l'wo Inuul red thu es the nnturnl s lze.

very remarkable and beautiful forms CFig. 52); in
the latter it is esscntially iutcrnul, and is formed of
a varying numbor of sil iccous spicules, radiatiug
l'rom a centre round whi eh thc sm-code is accumu­
lated (Fig. 53) . 'l'he sp icules are onen most ele­
gantly orn amented, and in [ln intormediut e Iamily,

lilc«'l', n SP Il I'.

"1

1
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abundance of radio­
led to the recon­
from the deepest

the Haliommatidre, they give. off a set of auasto­
mosing branches, which form one or several C011­

centric lacey shells which invest the sarcode nucleus
(Fig. 54).

'l'he observation of the gr eat
larian tests at great depths,
sideration of the deposits

Fl n. fI2. - I Jil'lynprH fi llm. Hp. n. FI'OIII UU' KlI r rllm~ . Two luu nl red ti llll' H the nul urn1 ~i l. t · .

soundings ; and :NIr. :Mur ray now bclieves, an d in
this I cnt irely agrec wit h h im, that shortly artel'
the ' red clay" has assumed its most charactcris­
t ic forrn, by the total removal of the ealcareous
shclls of the foramin ifcra , nt a depth of say 3,000
fathom s, the deposit in many cases hegins gradually
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to alter again, by the i ncreasing proportion of the
shells of radiolarians, until, at such extreme depths
as that of the soundiug of the 23rd of March, it has
once more assumed the character of an almost purely
organic formation-the shells of which it is chiefly

Fu.; ba.- X ip!l(f(·untllfl. SI'. I l. From the surfuce, One luu ulrcd Billes the natural size,
'l'h e ske letu n only. .

composed being, however, in t his case siliceous,
while in t he former thev were calcareous. 'l'he
'radiolarian-oozp.,' althoug h consisting in great par t
of the tests of radiolnrians, con tains even in its
purcst condit ion a very considerable proportion of
' l'cd clay .' l am ocrtainly inclined to nccept an
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explanation of this second change which was first
suggested by :Mr. Murray, and which is indeed
almost a necessary sequel to his investigations.

We have every reason to believe, from a series of
observations, as yet very incomplete, with the tow­
net at different depths, that while foraminifera are

F,o 54.- lIali OJrL lJlu . Sp. Il . F I'III1I the surfue«. 'l'wu hund rcd t hllOIl the nuturul slze.

apparently confined to a comparatively supcrfic iul
helt, radiolarians exist at all depths in th e watcr of
the ocean. At the surfa ce and a little benenth it th e
tow-net yields certain species ; when sunk to gl'eatcl'
depths additional species are cons tan tly found; and in
th e deposit at the bottom, species OCCUl' which have
been det ected neither on the surface nor at 1,000
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fathom s, the grcat est rlepth at which the tow-net has
yet been systcmnticnlly used ; and specimens taken
nem- the bottom of spccies which occur on or near th e
surface giye us the impression of bein g generally
larger and botter devcloped. 'l' he results from the
tow-net are not sa direetly satisfaetory as those from
the t rawl 0 1' dred ge, which usually bring up animals
which wc kn ow From t hci r nature mu st have Iivcd on
the bottom, and it requircs a little consideratio n ta
arrive at their precise value. "\Ve hay e not yet con­
trived a tow-net whic h cnn he sent down closed,
which will open its mouth when it renches a certain
depth and close it ngain after a certa in lapse of ti me ;
although th ore is little doubt that such a net might
1)(' made casily cno ugh. At present the tow-net ,
whieh consista sirnplv of ft conicnl hag of muslin or
lnutti ne uttached ta an iron r ing, is constantly open,
-r-dcsceuding, dl':Igging nloug, and ascending. If
workcd on the surface there is of course ncither diffi­
culty nor question, but i f i t be brough t up from
t,Où fathoms, at whi ch rlepth it has heen towing for
sorne ti mo, t he net Jlll\~' he supposed to contnin ehiefly
the species living nt t hat depth ; but mixed wit h thèse
1.llt'1'e must hl' rI, cons itlcrnblc n umbcr 01' more super­
flcinl forme, samu takcn whcn t he net wns going down
with its open mouth downwards, nnrl many more
captlll'cd clnring its long asccnt of hal f a mile through
the upper layera. 'Vu cannet therefore as yet say
with eertn in ty whethcr the surface spccies live
in the dccpcr bclte or not, but wc are justifled
in conclu ding thnt species which are absent on
the surface, and present only when a cer tain depth
hus heen gained, are special to that and probably
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to greater depths. If again species differing bath
from those procured on the su rface and at inter­
mediate depths are round in t he bottom deposit s, it
is a legitimate inference thnt thesc live below the
zone of our dcepest to w-nct observations.

New, if it he t he case thnt ooze-forming foraminifera
are confined to an upper layer of say not more thau
500 fathoms in t hickncss, t he supply of their shells
and eonsequently the supply of the' l'cd clay ,' which,
according to our view, is to a great cx tent the product
of their decomposition, must Le pretty constant ovcr
t he arec where forami nifcra abound ; whilc, on the
other hand, if the radiolarians live at aU depths in
the sea, the numher of t hcir skclctous falling to the
bott om at one place must incrcase with t he increasing
depth of t he water, und it becomcs quite intcllig iblethat
in a bed whioh is heing formed at the prodigious depth
of five and ft half nautical miles t he tests of the rad io­
larians should 50 prepondcrate 0 \'01' the 'l'cd clay
as to entircly alter the churactc r- of t he deposit. 1
must repent, howcvcr, t hat it must not he supposed
t hat these dcep-sca forma tion s which from their
general appearancc wc put clown on the chart as 'l'cd
clay ' or 'grey ooee ' arc in ul l cases cntircly or even
chiefly, prod ueed by t he more or loss complete dccom­
position of t he shells of surface nnima ls with cnl­
careous shclls, and t he mixture of t hcir ash in vary­
ing proportions with t he tests of rud iolarians. 'l'hat
they arc 80 to a great extcnt 1 fully hclieve, but they
always contain a certain amount of mineral matter ;
very usually, perhaps univcrsally, small pa r tiolee of a
substance which has nearly the composition of' wad,'
and which often occurs, as I have alrea rly mentioned,
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in th e form of large eoncret ionary nodules and cakes ;
and '"cr~' frcqucntly erystals and groups of crystals of
sulpha te of lime. Everywh ere ncar land, for exam ple
at Station 25, nenr St. 'I bomus, where the depth was
3,875 fat homs, th e deposit is coloured greyisb with
foreign matter; and everywberc in volcanic regions,
and notably over nearly the whole urea of t he Pacifie,
the red and gre)' claye owo a considerable portion of
thcir mate rial to th e disintegrat ion of pumice, which
3ppears to be drifted about and dist ributed by
currents unt il it becomcs wntcr- logged, when it falls
to the bottom and uudergocs slow decomposit ion.

'l'he scria l t empera t ure souudiugs of this section
{Appendlx .A,), taken with cxtreme cnre, beur iutemal
evidence of nccurncv in th e wnv in which, in ulmost. .
ull cases, t he CIll'H'S or llnes rcpresenti ng a nuwber
of observat ions indicnte permanence or change in per­
fect harmony. 'l'hus on Pl ate V, the isotherm of
11° C., nlthough th e corubiued rosult of t welve
soparute observations, is nluicst strnight, while at
(~YC1'j' station in the secti on th e aggregatc of th e iso­
thcrmul liucs eit hc r eprend out cousistently, or gather
togctbcr as if hy fi common impulse,

The thermometcrs have bccu re nd with very great
t'arc, and t he corrections for pressure required for
cach individual t hcrmomctcr have becn in all cases
calculat ed; but it is difflcul t t a rend n thermomcter
of the ord inm-y construction ta t cnths of a "Fahrenheit
degl'l.'<', and it is possible t hnt when rcduccd ta a
diagra mtnatie form , as in P late V. nud Fi gs. 57
aud ÜS, slight differences, nlmost within the li mit
of errer of observation, may appear somewhnt
cxuggerated.
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One marked feature in this secti on is the compara­
t ive t hinness of th e su rface layer of hented wntcr und
the enormous thickucss of the m nss of undcrlying
cold water, varyiug Httle in te mpera t ure t hrough out
i ts depth : and a second is the g-reat regulm-ity of
the curve of fall of tempera ture From the surface to
th e bottom (}' ig. 55) . 'I'hc bot tom temperature
of t he western basin of t he Atlant ic is sli ~htly bu t
\"cry decidedly lower t hun th at of t he eastern at
corresponding dcpths .

One poin t conucctcd with some of our eatl icr
observations is of intcrcst in it s bcuring lIpo n the
interpretat ion of t he temperature observat ions of the
1 Porcupinc ' cruiscs of l !;liO ana ] ~iO. Curvc A, l~ig .

50, representa the ver ti cal distribut ion of hcut in the
n ay of Biscay dctcnu incd hy t he " Porc upinc ' in
18GU, and Ourve li t he d istt-ibufio n or hcat dcri ved
chicfly from bottom temperatu res, 011' t he coast of
Portu gal. The mark ed pcculiurity in t besc Ct1l' VCS is
a r isc or ' hump ' hct wccn 200 an d 000 fathoms,
indicating a temperature in thut purfieulur stratum
of water from some cause nlmormnlly high .

This has boen nccountcd fut, by t he •bnnkiug
down' aguins t t he consts of Europe 01' t he Gulf
Stream, t he nort h-eastern reflux of th e equutorinl
current ; and it is na turully niost markcd at th nt
point whcre the impact , as i t wcre, of the Gulf
Stream is most direct, t he coust of t he J..usitaninn
peninsula,

Tt is indioatcd on all currc nt chnrt s that almut the
40t h purallcl of' north latitude a grc ut par t of t he
Gulf Stream bends aouthwurds along the coast of
Africa , a portion of it curving round and rej oin ing



j, 'Iü, OÛ.- CUn-CS coustrueted troru Serial and Botteur lSounding8. A, ill th e ltny of Hiscay. B, ulf th e COIl"t of Portugal; und C and D, betwe en
'l'encriflc UIlÙ Sombrero.
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the equatorial drift, and another portion joining the
Guinea current. Sorne of th e observations in th e
present section appear to coufl rm in a retnarkable
way the view that this irregularity in the curve
is due to the cause to which it bas been attributed.
The southem branch of the Gulf Stream is not
impeded by land, and th ere is little or no "banking
clown.' Curve C is rcrluced From the serial sounding
at Station l (Plate IV.), 70 miles from Santa CrU?.
The' hump ' has new disuppeared as such, but it is
st ill representcd hy the spacc bctween C and D
raising the portion of the curvc corresponding with
the "hump 1 and representing the course of the
soutbern brun ch of the Gulf Stream moving south­
wards, now without a special impcdimcnt. Curve
D represents the middle station of' t he section in
the course of the t radc-wind drift where the distri ­
hution of temperature is Ye l'j' reguler, t he isotherms
being closely pressed togcther and the heated water
confined to a thin surface layer ; and the diagram,
Fig. &7, representa a vertical sect ion at the samc
station, showing the proportion of water at different
temperatures. l'jg. ':'8 gives for compari son th e
propo rtion of water at different temperature s at
Station l.

Between 'I'eneriffe an d Sombrero three series of
temperature observations wcre taken by Lieutenant
Betbell with ~Ir. Siemcns's resistance deep-sea ther­
mometer, and there seeme to be little doubt from th e
generai eorrespondence of the resulta with th ose of
the protector tbermomctcrs , thut the instrument
answers its purpose. I n sorne of the observations,
however, there were wide discrepancies, but thèse
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ma y have been due to wan t oC practice in
obse rvt ng.

Shou ld it tu rn ou t tlmt )[ 1'. Siemens'« in strument
cau he thoroughly depended u pon to give accura te
resul ta it will uudouhtedl y he in valuable for cert ain
purposcs, In our Antnrctic cruiso , for instance, on
severul occasions the su rface- Inyer wus coldc r thnu
any loyer ben eath : our the rmometcrs on t he )[illel'­
Casell a cons truct ion reg ist cred accord ingly their
min imum on the sur face, a wm-mcr layer succccdcd
in wh ieh th cy registcred t hci r maxi mum , hut afn-r
fixin g th cse two points th ey WCl'C uselcss. A work­
a ble instrument on )[1'. Slc mcns's prin cipl c woul d
have given us th e hot tent temperatu re, which we
most of ail dcsircd.

I mu st say , howevcr, thu t r dou bt if th is resistance
3pparatus l'an he npplicd in g'cnt' I'll l pruct icc to ils
p resen t pUl'pose wit ho ut g reut modiûcat lcn. The
instrument is hulky, mul , with t he bat tcry und
gulvunomcter and thnrmomctcrs und J'rcr zin g- mix­
t ure, troublcscme to work un hoanl a ship, nnd
difflcult to obser ve if therc is any motion , 'l'h e
ca ble is hulky an d tcnrl nr, and would probahly not
stand the fa t igue of hl.'in g- (,l't eu uscd as a souuding
line.

'I' hroughou t th is sect ion :\[ r, Buchanan has tukcn
t he speci fie g rav ity of t he scn-watcr from the surface
daily, and fr om t he hottom 3n<1 from interm cdiate
depths as often as i t wns possible to obtai n snmplcs.
A descripti on of the instrument s used in procu ring
the water from t he bot tom a nd from inte rmcdintc
depths, and Cor determi ni ng t he specifie gravity, hus
bcen alrendy given (p. 31 el sr1.).
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l need only mention here th at on the voyage from
'l'cneri ffe to Sombrero l'Ir, Buchanan found the re­
markable and uuexpected result that th e wat er has
virt ually the sanie specifie g'rayit~· from the botlom
to within 500 futhoms of the su rface. From 500
fath oms th e specifie grax ity rapidly rl ses, t ill it
usua lly nt taius i ts ma ximum at th e surface, Sorne
miner variat ions in th e specifie gl'arity both of t he
upper and of t he 10\\" <.'1' luycrs haye tnan ifested th em­
selves from time to t im c, Lut t o t hese wc sh nl l refc r
hcrcnft cr.

In the table of speci fie griwitie3 appended, one or
t wo instances occur [uuu-ked with an nster isk on th e
t rblc] in which th e specifie g rm' it,\' is as great at the
hottom as it is at the surface. ln thesc cases wc are
forcc d to bcl icvc thnt h~' SOUle uiisadvonture the
eylln rler of the wator-honle hecnme dlsengaged just
as it rcnched th e wuü-r. The lowering of th e slip
water-hott!e requi rcs sorne CMC until it is fairly
bcncath the surfucc, uttcr which thore is no chance
or the cyl in tlcr f:lllill g' until the instru ment reaches
tho butt om.

l n this OU r Ilrst scctiun ncross the Atlnnrlc, the
dredgc WHS 10\\'c l'('1I thirtccn li mes, nud niue thues
hl'Ought up a sufllcicut sumplc of th e bot .tom, con­
tnÎlling" auimuls Iiviug, or which hnd beon Hdng
whcn tlu-v cn tcred the tlrcdec : for in most cases• 0 •

whcn Lronght to t he su rface tllt'~' wcro perfectly dend.
Of the n ille success ful hauls, feur- WCI'C in dept hs
aboyc I tlOO futhoms nud umlcr 2000, four abere
:!OOO and under 3000, and on e in a depth of 3150
fathoms, I n cach case, what with th e slack of the
line and the movcrncnt of th e ship th e dredee had to• 0
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travel from eight to ten sta t utc mil es through the
wat er, and necessarily each drcdging opera t ion oc­
cupied a whole du)', Under th èse circumstances it
was of course out of t he qu estion to at tempt ta mak e
a perfeet collection of the hottom fauna, particnlarly
since a1l our investi gations t end to show thnt animal
Iife, represen ted by t he highcr groups, is scattered
and by no means abuu dunt at cxtreme tlepths. Our
object was to gct a fair rcpresentut ion of the dccp-sea
faune of th is region, und to sett le finally the qu est ion
whet her abysses existed whcrc th e condit ion depend.
ing up on depth was so ext rcmc as to place a Iimit ta
the distribution of Iivin g hcings. l n th e former of
these obj ects 1 believc wc have succecdcd fairly ; in
t he latter completely .

'l' he rlredgings yicldcd at lcast 28 speoies, not
including the Ioraminifera. Of th csc, 7 wcre mol.
lusca (2 gusteropods and i) lanwll ihranchs); 3 crus­
t aceans ; 4 anne lids and 1 gcplryrenu ; 'i. mclluscoids
(1 braclrioporl and a l11')'Ozna); 2 aloyonarian and
2 zoantharian coruls ; a cclrinodcrms and a sponges.

Four specics of moll uscn, rcfcrrcrl to thrce genel'll
which are ahundant in wntcr of modera to depth ,
A rca, .Limopeie, and Lcda, wcrc drcdgcd at n dcpth
of 27-10 fathoms, whcre t hcv wcrc ussoeiuted with
two specics of bryozoa ull icd ta wcll-kn own forms.

AIl th e mollusca which wc took woro smull, and
several of t hem appearcd to he identicul with specics
prccured at great depth s in t he' I'orcupine ' dredg­
iugs j a faet in faveur of an opinion cxpressed by
Profeesor Lov én and mysclf', that many forma of the
aby ssal fauna may he found to have a very wide,
perhaps even a universal, dist ributi on.
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It is unfurtuuate that in the deepest haul of all,
3150 fathoms, no living thing was brought up higher
in the scale t hun a foraminifer ; but this I attributed
at the time to the nature of the bottom , and this
opinion was afterwards borne out by the abundanœ.
at scarcely a Iess depth, and on a bottom diffcring
only in bcing somcwhat less uniforrn and conta ining
sand-grains and a few shclls of foraminifera, of t ube­
building ann elids of a t'ery common shallow water
type, The crustacee do not appear to suffer from the
peculiarity of the circumsta nces under which they
live, either in devclopmcnt or in colour. The singu­
lar fact of the suppress ion of the eycs in cert ain
cases lias already been referred to. The Ecbinoderms
and spanges wbich enter so largely into the fauna of
the zone endlng at 1000 fathoms are not abundant
at extrcme depth s.
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APP EXDIX A.
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APPENDI X B.
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CIIAPTER IV.

ST. THOJ,lAS TO BE R l lUDAS.

Dredging in moùerat.e depthe in the West I ndien Seas.- S"ew Blind
Crustacean8.-Deep-~ea C"ralll. - Ilyalo1U11ltJ tW; tTtI. -An accident.
- A Jeep eounding.c-Œhe Miller ClUIeUa Thermomewn .-Tempem.
tures.-Arrh·nl at Dermudas.- Hiswry of the Islaude-c-Their
general Appearance.c-.' Re.I ' and ' blue ' Birds. - The Cora18
which form the n eufa.- The Geology of Eermudas.-Genernl
Nelsoo'& descript ion. - ,{l~liao Roch . - Calcareoue eoncretiona
~im lllati D2 Fœsi la-c-The Topography of tbe Ielands-c-Their Pro­
dll~t&-Their Climate- Their Vegetation.

A pPE~DIX A.-Report from Professer Abel, F.R S., to H. E. General
Lefroy, C.B., F.R S., on the Cbaracter aud Composit ion of Sam­
Illul! of Soil from Bermurlua.

Al'I'!':SDIX R-Austract of Tempemture.c-observaticna taKI'D at
Bermudas from the ;year l S;ï 5 to the yt>ar 1873.

Os Saturdny th e 'l ôth of ) [arch, bcfore goi1J ~ in to
the harbour of St. Th omas, a sonnding wns tnkcn in
.j.ZiO Iathoms off th e I sland of Sombrero. 'l'lie bottom
hrought np hy the sounding machine wns globi­
gcrinn roud largcly mixed with broken shells, chieûy
those of pt cropods. The drcdge wns put orcr car ly
and vecrcd to 1000 fut .homs. At noon it wna hauled
up lrulf-fillcd with calcarcous ooze. It wns agnin
sent clown, and brought up in the aftcrnoon wit h
a like freight. 'I'hese dredgings, which wc did not
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regard es entering into the regular work of the
sections. but whi ch were ouly uudcrtakcn t o g ivc us
a general idea of the dcep-watcr fuuna of the \ l'est
Indian province, may he t aken in connection with
one or t wo hauls ruade with the same abj ect and
under the same cire umstunccs, in wate r of nearly
equal depths, on t he 25th of )'I ul'ch aftcr leaving
St. Thomas. The curcful cxamination of t he zone
between 300 and 1200 fathoms amol1g the 'Vest
Indiau I slan ds will und ouht cdly add enormously to
zoologi cal knowledge. Th e objecta of the present
ex pedit ion do not of course incl urlc a detailed investi­
gation of t his kind, which mu st he don e qu ictly in
a smnll steamer hy sumo one on t he spot , and will
requ ire the patient work of severn ! ~'cal's _ E ven the
few hauls of t he drcdgc which wc hud it in O U I' power
to make brought tu light a nu tnbcr of new and
highly in teresti ng animal forms rcprcscnti ng ucatly
all t hc invcrtehrat e gro ups_ A t horo ugh invcstigntion
of the helt mu st yicld a wondcrful harvcst.

I n drcdei ne on the Lôth wc ect scvcral epongeso () , 'n ,.~

belonging t o t he hcxuct inullidu., very closely ull ied
to t hose wh ich we hu d prcvious ly me t wit h in mode­
ratcly deep wutc r 011' t he toast of P ortugnl , show­
in g t hat t ho dist ribut ion of t his rcm nrkuhlc nnlcr
in deep wutc r is VCI-y widc. Sevcrul stony cornls
occurred, but of ail of thcsc, with the exception of a
spec ics of S ty laste r which wus very uhuuduut at
this st ation, wc got botter cxam ples on a subsequent
occasion, 'l'h e S tylasler ugrocs vel'Y closely wit h the
description and figure gi vuu hy Pourtules of S.
complœnatue. The only marked difference Is, that the
primary and seeondary septu do not unit e to the same
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exten t as shawn in Count P ourtalcs's figure. 'l' he
gcnua Stylaslet' is recent and wiùely distributed.
One or t wo vel'Jo elegant ulcyo narian zoophytes, as
yet undctcrmined , udhcrcd ta the t augles. The
.ECHl xODEIL\IATA werc rc presented hy t he va r -iety
(flJ!J8sico la of Cù/al' is Ilystl'ü· ; scvcral tine st ar-fishes,
ulllong t hcm a fine A rchaetcr, a species of L uidia,
and A st l'O!fUll i llln lonqinumum, a species deseribed by
Uerst edt from a spccllncn in t he H uuiburg yluseum
from an unknown Ioculity ; a nd sorne large ophiurids,
including two spccics of Upùionuœùnn, and sorne
undcscribed foi-ms.

I n th is dredging two ycry in tercsting crustaceans
occurred, bat h bclongin sr ta t he macrurous decapoda,
und bath part.icip ating in a sing ular deficiency-the
total absence of cycs. One of t hesc lias been referre d
to the gcuus Jr illcmœsia (GItOn::) . It agrees wi th
the spccics dcscribed in the prev ious chapter in all
its lcudiug chnracters , ulthough certuiu marked
differences must lcad ta n slight modificat ion of the
chnractcra of t he gellus us formcrly deflucd. In
Willcmœsi /l h'ptoci({(:tyta al l the fivc pa irs of umbu­
lntory legs beur chehe, whilc it is n chnrncter of t he
typical astncidœ t hat cbclœ arc present on three pai rs
only. I n the new spccies thore arc chelrc on four
pairs of the ambu la tory legs, thc fitth pail' ending in
simple curvcd claws. The tw o spccies agree with one
uuothcr, and wit h A etecne, in possessing a lumellar
nppendngc at the base of t he outer antennœ, and
along with t itis t hey have the flattened carapace of
Putinurus. 'I'hcse ch umc ters have liat becn hitberto
uhscrvcd in combinat ion in any recent form, and their
su occurrt ng SCCIDS ta be a more valuable generic
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ehnrac ter than the vru-i nhle one of the form of the
Ilmbs. Th e chnracter of the genu s will DOW stand
thus :-

TPW emœsift, n. g. c-Ccphalot horn s ûattencd. with
fi,. comprcesed, f'ree, lateral mm-ein. A Iamellnr ap­
pendage nt t he hase of cach of th e outer nntennu-.
.At lcast four pairs of nmbu latory legs hcar chcln-.
X 0 trace of cves or of eve-stalks.. .

IV. l epfodacl!l la, Y. 'W·S.- ..\ Il the ambulato ry fcet
bearing chelre.

IV. cructfer, v. " "'-S.- Four pai rs of t he amhu­
Iatory feet bearing cliche .

The single exemple rlrcdged of l f illemœsÏft cmctfer
(Fig, 50) Is a male, The total longt h is 42 mm.
(cephalothora x 10 mm., and ab domen 23 mm.), and
t he extremc width of t he cephalot horax 18 mm. The
carapace is flattcncd und comprcsscd laternlly, and
th e flattened lateral port ions arc curvcd upwnrds like
wings. The lateral margina are denticula ted, and
divided by two decper incisions into thrcc parts. t he
first bordcrcd by scvcn, OI C second hy four, und t he
th ird hy scvcntcen tccth. 'l'h e SU l'face of the carapace
is granulat cd, not spin;' . as in IV. /t'ptodact!J la. 'I'wo
i-idges cro ssing one an othr -r in t he middle of t he back
dlvide th e cephalot horax into four arcns, t he h m
anter ior indicat lng t he bcpat ic, and the postcrior the
branchial reg lons.

The abdomen consista of six segments and th e
telson. A rid ge runs along t he dorsal surface of
cat h segment in the middle linc, and r -i scs on t he
flrst segment into cne, and on t he four succocding
segm ents into two spines, di rectcd forwerds. As in
IV. leptodacf!/lo, not only are th e p)'{"s and cyc-stnlks
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absent, but. t here is no indication of a sp~ce for their
accommodation in the position in which eyes are

1<'10 . [)9. - WiI Lc71l U:.1UI cructj er, v. W·S. x 2 lNo. 23.)

normally developcd, 'l'he antennœ are placed .one
s
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pair beneath the ether. There is a lamellee ap­
pendage, which scarccly r iscs ta the top of its basal
segment, atta ched ta the outer antennn. The flagella
of the outer nntenn œ arc 21 mm. in Iength, and the
larger flagella of the inncr untennm nearly equnl
thorn. 'l'he par ts of the mouth are normal . }"'OUl'

pai rs of t he ambulntory legs beur delicate chclœ
spars ely spined along the upper cdgc, and the firth
pair end in a simple curved proccss. Th e first pair
of ambulatory legs arc not 50 long in proportion ta
the body or so slender as in Ir. leptodacly/(t . Th e
flrst abdominal fcet are style-Iike, an d flaUened at
the end. The swimmcrets have thrce joints, ta the
two first of which the palpi are at tached. The telson
an d the cau dal appendages are in no way remarkuble,
They, with the palpi of the swimmerets , th e basal
joints of the amhulatory legs, and the basal joints
of the uutennœ, are fr inged with fine baies.

lVillemœsia erucifer ccrtainly differs widely in gene­
l'al appearanee from the recent Astucldœ, at th e end of
which fam ily wc should, howevcr, he inclincd ta place
it for the present, It lias fi \'cr~' close rcscrnblance
to sorne fossil forms, particularl y ta the vnrious
spccics of t he genus ,B"you. It hus becn alrcady
remarkcd th ut lVillemœsia in it s flatt ened cephalo­
thorax approachcs the Pal inu ridte j in aU th e living
members of that fumil y, hcwcver, the fl rst pair of
legs are mon odaetylous, whil c in IVillemœaia th cy arc
didaetylous. The fossil gcnus E" !lon forms an excep­
tion in this particular among Palinurids, wit h which
it hus hither to beon arrangcd, and bas the â rst pair
of limbs didactylous, as in JVillemœ8ia. It may also
he noticed that E r!lon is the only Palinurid which
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like Willemœsia hus a lamellar appendage at the
hase of t he outer antenna. It is vcry likely that
when the recent dccp-see forms near t he Astacidœ
und Palinuridœ come ta he care ïully correlated with
t he crctaccous and j urassic spccies, it mar he neees­
sary ta estnhlish an addit ional Iumily, t he E ryonidœ.

'l'he second crustaccan, althoug h bavin g Iit tle of
the facies of t he typical .d sluci, presents apparently
HO charac tcrs of sulllcien t value to warrant it s sepa­
ration l'rom that genus.

ASÜtClt8 zalencns Y. " ·-8. (Fig. (0), wit h its long,
compre ssed ceph alothorax, Ilatteued abdomen, and
unequnl chene, lias at flrst sight somewhat the
nppearance of a Cotianaesa.

The total lcngth of th e animal is 110 mm ., the
cephalothorax 50 mm., and thc abdomen 00 mm.
The carapace is hard and firm , th ough ouly slightly
calciflcd. It is grea tly compressed lut erally, ri sing
into a high arch. It terminutcs in front in D. slender
spiny rost rum 8 mm . in lcngtb . The ros trum is
covcrcd with a th ick felfiu g of hair, which extends
Imckwnrds, forming two hairy triangles ou the
nuterior par t of the cephalot horax. I n front of th e
eurnpnce, bet wecu its ant erior and upper edge and
the insertions of the nnt cnruc, in the posit ion of t he
c)'cs in such form a as A etacue fi ud alWs, tbere are
two round vacant spaces, whieh look as if the eye­
sta lks and oyes lmd been careïully ext h-pa ted and
the spacc they occupied closed wit h a chi tinous
membra ne. 'l' he lamellnr nppondage of the outer
antcnna hns tec th along it s inncr border. It cxtends
to the middle of' t he second basal segment of the
antennn, which is rcmark nbly long. l'he flagella of

• 2
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t he outer antennœ are ] 30 mm . in length. 'l'he inuer
nnteunrn ot-iginntc on a lino wit h th e outer. 'l'he
funicul us is shortcr, and th e üagclln , which ure equal
in lcngth, are much shortcr thau those of the outer
nntcnnœ.

'l'he parts of th e 1I\0u t1l arc normal. 'l'ho t hree
fu-st pai rs of nmbulntory legs are termi nated by
chelm, t he foui-th pail' hern- rccurved clau-s, and the
firth abortive stump-like clnws. The clrelm of the
Iirst pail' of legs are sn-angely devclopcd, part icularly
the right chein , which is dou ble t he lcugth of the
lcft, and wit h it s Iormi dnhlc l'anges of long spines
along the inner harder of cach claw reproduces on a
small scalc t he jaws of the (lungetic gavial. 'l'he last
segment of th e pcrc ion is not covercd by the cara­
pace, but is in uiovablc conn ccti on with it . The
flrst segment of t he abdomen is n'l'Y small, and the
segments gradnn ll.v incrcasc Hp ta the foui-th, wlrich
the firth and sixt h cqun l in size. The abdo minal
segments are flcttcncd J'rom nbove rlownwnrds. The
telson is quadra tc, and combines with the two pairs
of caudal uppcndagcs, which arc widoly expanded
latcra lly ta form t he cauda l tin. 'l'he dorsal surfaces
of t he second, th ird , an d fourth abd ominal segments,
and th e margine of t he tn il, are thick ly covered with
wooUy hair. 'l' he indivirlunl beiug a mule, th e first
pair of swim mcrets consist of long, slcndcr nppend­
ages, and t he four succecdiug pairs hnvc one strong,
round, basal join t , ta which ure nttnched i-wo palpi
fringed with hui!'. As hus boen alrendy mcnt ioncd,
there is sorne resemblancc bct wcen this form and
Cafiul1ffSS(e; but in that genus the lamellar appeudage
ta t he oute r autenna is absent , thcrc are four pairs
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of Iimbs with chelœ instead of t hree , and the cara­
pace is soft. '1'0 t he gcnus .âetuons, t hcrcîo rc, with
which it bas all. chnmcters in common except the
great dcvelopment of th e right chcln and the total
absence of eyes-c-ncithcr chnmcte rs of generic valu e
-c-t he present species mu st he rcfcrrcd.

A. zaleucne v. w-S.
R ostru m spiny, elongatcd. Lamcllar oppcndagc of

t he outer nntennn reachiug to the middle of the
second join t of the funiculu s. Chclœ on three pairs
of ambulntory feet, th osc on t hc flrst pair st ronglv
but unequally developcd. Cepha lothora x Yer)' muclr
compressed laternlly. Eye.stalks and eyes entirely
want ing.

On Sundny t he Lûth of ) 131'C1l wc an chorcd in the
Gregaria channel at the cntrancc of the harb our of
Charlotte Amalia. ",r e spcnt ft few very pleasnnt
rlnys at St. Thomas, some of th e civilians of our part~·

enjoying grently thei r flrst expe rience of Iifc and
scenery wit hin the tropics. )l, Garùé, the Danish
(Iovernor, reccived us with th e most friendly hospi­
tnlity . H e is a naval man, and was grcatly int erested
in our investigations; and his aide-de-camp, Baron
Eggers, had collected and workctl out th e plants of
t he island with caro, and was ot hcrwisc well ac­
quaint ed with its natural history. St, Tho mas, like
most of t he ",Vest I ndi an Islands, hus suffered greatly
since the emancipa tion, from the difficulty of pl'oeur­
ing free labour ; and most of the suger estat es,
former ly in high cultivation and a sou rce of large
revenue, are now wastc and covcrcd wit h a second
j ungle. l 'he comparat ive prosperity of t his island
secms ta he enti rely due to the excellent..'C of the
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harbour, which marks it out as the principal packet
and coaling sta t ion for that part of the ' Vest Indics.

The natural history of the Island of St . Thomas is
tolcrably well known, and large collect ions of its
fuunu an d ûora have been sent home from time to
time by many competent naturalists to the museum
at Copenhagen. On the present occasion our time
wns much too Iimitcd to attcmpt to make collections,
so th e na turalists contentcd themselves with a little
shal low-water dredging, and suoh a general sui-vey of
the island and its shores as migh t familia rize th em
witb the more charucteri st ic Iorms of animal and vege­
table life ; for while t he Atlantic I slands, Madeira and
the Cana ries, although gradually assuming a more tro­
pical chara eter, maintain the most intimate relations
in natural products with the south of E urope, in
tropical America everything is changcd, and it takes
a litt le time to become familial' with new acqua int­
ances, 'l'hom one has hitherto known, if he have
known them at nll, only from figures or descriptions,
01' at bcst mummied 01' pickled, or otherwise in in­
adequate effigy. Ophiurideans are partioulnrly plen­
tiful at St . Thomas, and we reade large collections of
thèse, particularly of the mnuy large and cha racter­
istic "~cst Indian species of the gcnus Ophloderma.

On th e 24th of Mareil we left the harbour of
Charlotte Amalia, and proceedcd with a ligh t north­
castcrly brceze towards th e Oulebra passage. 'l'he
ncxt morn ing, th e wenthcr st ill cont inuiug favourable,
wc souuded in 3UO fathoms, the bottom globigerina
mud, wit h fragments of coral nud an unusually large
proportion of th e shells of pteropods of the genera
C'/'·()I/m·u. Diucria, and Sly /Î% . I n th e forcnoon the
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large dredge was put over with an ample friture of
tangle . A fine spec imen of Brisinç « endecacnemoe,
and one or two very elegant nlcyonarian zoophytes

came u p on the tangles . The dredge-bag
wa empty. L ater in the clay we ounded
in 025 fat hom . 'l'he ooze wa closer and
more fr ee from hel! and coral thau in
the former haul, but otherwise much of
the sani e character . 'l' his time the dr edge
carne up ab ou t. half-full, and on sifting its
contents ' many intere t ing additions were
macle to OUl' colle ct ions. 'I'he re we met
for the first t ime with the curious littlc
crinoid Ichizocrinus lofotcnsis, for which
we had been on the outlook since the
beginning of the cruise, and Salenia
oarispina, which we now recogni ecl as a
very wid ely-distributed inhabitant of th e
deeper water .

A singular Gephyrea n (F ig. 61), taken
in th is dredging, was referred by Dr. v.
Willemœs-. uhm to Professor Lovén's
genus Ohœtodcrm a. 'l'he len s-th of the
spec imen was 52 mm., and its wiclth 2 mm.
'l'h e pharyngeal portion, with t he pl'o­
boscis, is smooth, ancl the remaiuder of

FI". Ol.-Chœ/o · t he bodv is covered with delicate calca-donna nitid,,· •

~~~: 24.~VÉ:<. r eous spincs, direct ed backwards. The
mouth is at t he anterior ext remity in a

small, soft papilla, which, when t he specimen was
brought up, was inflated with a red liquid, The pos­
terior ext remity was ahruptly t r uncate d, and t he two
feathcred appen dage obse rve d by Lovén wore either
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absent or completely ret raeted. This species seetna
to he closely allied to if not identical with C. niti-.
duif/m (Lov és) from t he coast of Sweden.

The corals, whieh were abundant in indi viduals,
were a11 deep-wuter form s. They have been examined
by )Ir. Moseley, who refera t he majority to speoies
which have been descr ibed by ) 1. de Pourtales 1 from
th e Strai t of Eloi-ida. 1 nhst ract th e following
notice of th e coruls from ::\11'. :Moseley's notes.

I n the fami ly 'l'urhi nolidœ wc drcdgcd two
exemples of n spcc ies of Cetr!Jop llyllia, bot h dead,
and one with a brunch of Sig/aster attached to
th e margin of the calicle. Eire fine specimens
of a solitary coral seem ta agree with the figure
and descr iption of Tl'ocltocyatlms coronatue, briefly
descri bcd by Cou nt Pou rtnles from a single imperfeet
specimen brought up on th e lcad hy one of t he U.S.
coast su r-vey part ies from ·lGOfuthoms , in lat .300 oU ' N.,
Jo ug. Ti' 3' 'V. (F ig. G:2 ). 'l'he ccrallum is circulee in
horizontal section, with a brond fiat base. At its
j unction with th e wnll of the caliclc t he base is con­
tiuucd outwards in to t wclve stout , pointcd tubercles,
irrcgularly bcset wit h sumll projecti ons, t he tubercles
ccrresponding in position with t he primary and
sccoudnry cosne. 'l'he base hns th us, wheu viewed
from beneath, an irregularly circuler ouUine with
a decply-iuden ted ma rgin . In th e centre of the
base t herc is a conical project ion, and nt i ts summit
a "Cry smail, ovnl, smooth epuce, the indication of
a point of attnclunent. 'Iwelve radiating ridges

1 Illustralcù Catalogue of the Museum of Comparative Zoology
at Harvard Ocllege. No. IV. • Deep-See CoraÙl.' By 1.. F. de
T'oll l'tAl,,~ . ('Rmhridgl' (Mas~. ), l ~j 1.
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proceed from the ba e of the central proj ection, one to
each of t he tubercles, becomiug more marked as they
proceed outwards, 'I'he ridges are beset with small,
point ecl tubercles, whieh, with the ridges themselves,
increase in size l'rom the cent re outwards, 'I'hese
small tubercles are arranced to sorne extent at
regular interval along the rid ges, and there are
traces of a series of coneentric wavy lines, correspond­
ing in position to the several rings of t ubercles,
'I'hese are evidently lines of O'l'ùwth, showing th e

FIG. d2.- Tr ochocyul/llU COTlmut u., P OURTALE9, x 2. (l'o. 24.)

outline of the corallum at successive st eps, the
tubercules corresponding to these lines havin g been
originally margin al, but having become nearly oblite­
rated by fusion with ether tubercles succcssively
forrn ecl out side t hem, an d somet imes ent irely lost in
t he resulting ridge. I n one specimen a second series
of very delicat e rid ges arc clearl y marked, radiating
outwards for a short distance from the hase of the
cent ra l conc, and corrcsponding with the sceoudary
and tertiary costre . 'fll e whole surface of the base of ,
th e corallum is covercd with smal l, rouudcd, closely
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apposed granules. 'l'he large marginal tubercles of
t he hase are from .j. ta 5 mm. long, and about 4 mm .
hroad at t hci r or igtn. Supei-iorly t hey are j oined by
!)1ightly eleva ted, rounded ridges, the cont inuations
into them of t he primary an d seconda-y castre. Tbe
mnjority of th e t ub ercles taper outwards, but sorne
are obt use. Th ey terminate in three or four ir regu­
lnrly disposcd spines. Two, or even threc, marginal
tuberclcs arc somet imes fused toge ther la tera l'ly into
one mnss.

From t he region of origin of the marginal tubercles
of the base, the wall of the calicle slopes up wards
and outwnrds at an angle of GO~ with th e plane
of the base, its height aboye the base being about
14 mm. The rounded r idges described as passing
into the tuberclcs rench upwnrds ta the margin of the
cnlicle, and the cxtern ul edges of the exsert primary
und seeondary septa arc continued downwards along
the middle of these costal rid ges for about one-third
t he height of the wall of the calicle. The costœ of
t he t hi rd and fourt h order are present QS mu ch
smnller r idges scpomted by fine vertical grooves.
The wholc surface of the wall of t he ealicle is scat­
tcrcd over with small pointed granulations.

The urrangemeut of t he scptn is Irregular. In the
two smaller specimens the re are six systems and four
cycles. In the thrce larger specimens , in severn! of
the la rge intcr-scptal spaces inc1uded between the
prim ury and secoudary scpta, t wo septa arc developed
in addit ion to t he usual t hree ; tberc is thus a ten­
dcncy in t his specics to form a firth cycle of sept s.
'l 'he septa arc complete, with the exception of t hose
or the foui-th and t he par tial fifth cycles. T he prim nry
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and secon dary septa are ,'ery promincntJy exsert ,
proj ecting r ortlcal ly abere th e margin of the wall of
th e cal icle ..j, mm. Th cir edgcs arc rounded, and they
slope grnduully down to th e point where the pali take
origin. The septa of the third and fetu-th 0 1'dC1' 5 are
also exsert , but to fi much lcss dl'gTI ~l'.

'l'he pi-imary, sccondnty, und tcrt iary scpta arc pro­
vided with pall, which form tbrcc circ1ets . 'l'he pali
are very consplcuo us nnd promincnt , thc sc of the
third cycle beiu g, as usunl , th e lnrgest, and projecting
to a height of 4, mm. abere the lcvcl of the snmmit
of the colu melle, whilc thosc 01' t he primary cycle
do net projcct more thau 1-:; uuu . 'I'he pnli of the
secondary scpta are plnced nt a slightl y grenter dis­
tance from the cent re of the columelle thun those of
th e primary ; the pnl i Oms form th ree rin gs 0 1'

crowus.
The whole of the septn an d pnli are formed of thin

but strong Iam inœ slightly thickcncd ai the Hue of
origin from th e calicle, and tcrminnting superioi-ly in
sharp knife-edged marg ins.

The surfa ces of the scpt n and pal! ure covcrcd with
very small granular project ions, wb ich , in th e primary
and scconda ry sepia , arc SCC ll to he nrra nged with
considerable regular ity in rruliati ng rows, which mark
out a series of successive Iincs following t he course
of the margina of the scpta, and rcpreseutiug th cir
Iines of growth.

The columella is about '.' mm. in diumetcr, and is
composed of a number of contortcd Inminm, flncly
gran ulutcd, and more or lcss Iuscd together in the
older individuels .

The extreme diamctcr of th e Inrgest specimen,
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measured from th e outer eriges of the exsert septa is
32 mm. 'l'h e height of the calicle is 16 mm.; total
heicht t a the top of the septa 20 mm.; diameter of the
base of the calicle 21 mm. ; of circ1et of basal spines
28 mm. This is a very marked and handsome coral.
Fresh specimens are of a pure white colom', and the
crown-like shape is very elegant.

'I'hirteen specimens were procured of another
pretty coral belon ging ta the Turbinolidre. Delto­
egat/tUS aqassizii, P OURTALBS (F ig. 63). This specie
has been also described and figured by Pourtales.'

Fm . 63.- Dtl t&oynt/Hu U!l" '~ izii , P OUHTAI.E.." X .. (Xc. :!4).

Our spec imens var jT in diameter from 4 ta
13 mm. Dl'. Martin Duncan considers this species
ideutical with D. ita licus, and the distinctions between
the two species seem very critical. 1\1. de P ourtales
considers t hat the recent differs .from t he fossil
species in the point of juncti on in t he pal i of the
second an d third cycles not being exsert, and in the
V, or 6., not bein g sa prominent; and, further , in the
cast ro bein g covered with fine, sharp granulations,
while in D . italicus th ey arc " composed of series of

1 Loc, cit, JI . H .
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very regulur g ra nules." 'l'he eolumella is also lese
developed in the recen t thau it is in the Iossil form.
AU these characters are minute, nnd may depend, ta
fi certain extent, upon the condit ion of the speci­
mens ; but it scems ta he hest on the whole t a
retain the nam e given hy ~L de Pourtalcs for Hw
present .

A surveyi ng party , sounding from a boat in 200
fat homs off Bermudas, hrough t up in the cup-lcad a
very beautiful specimen of a vnrl cty of this spccies
described by Count Pourtulcs, in wlrich the primary
castre are large, and prolonger! bcyond the margin of
the cal icle. P ourtnles' s specimen wus imperfect j ours
was finely preserved, and the horn-Iike appendages
were developed ta a rcmarknblc degree. The diamctcr
of the calicle is D mm. j the length of the horns
3'5 mm., or more than one-third the diameter of the
calicle ; they are slendcr and rounded, and they t aper
ta a fine point. A smnller horn is devclopcd in
relation with one of t he sccondary costm, but
the rcmaining seeondary costte show no teudency
to elon gation. 'l' he horncd or stella tc vur icty of
D, agassizii appearcd at firs t tu Pout-talcs to present
good specifie characters, but the cxa minati on of inter­
mediate form s showed that it could not he rcgnrded
as spccifieally distinct . Our Bermudas specimen,
whioh is in most excellent preservat ion, shows sorne
other points of interest j the pali as a whole project
more prominently abov c the general elevation of
the septa than they do in t he unarmed variety, and the
li. formed by the junction of the scccndary wit h the
ter tiary pali is prominent and conepicuous, in this
respect approaching the foseil spccies, D . italicus.



Vil Ar . IV.] 81'. T H011'fAS TO BERMUDAS. 271

Among the Oculinidœ, we obtained fr om bath
localit iesabundant examples of Lophohelia carolina ,
POUH:l'ALES. A large number of these were living;
they were of various sizes and ages ; some of the
specimens were 18 centimetres in length and some of
the older stems 1 eentimetre in diameter.

Some dcad but very fresh and perfect specimens
of Funqia symmet1-ica, POUIt1'ALES, caine up at this
station . These resemble D eliocuaihu« grea tly at
first sight in size and genera l appearance, but t hey
may be readily distingui shed by a certain difference
in form, and by the very evident synapt iculœ uniting
the septa.

FIG. G4. - DeItOCY'ltll1ls agassizii, l'OURT AL F.S. Slellute vari et y. F N III a ùepth of 200 ïat homs
near Bermudas.

Several beau tiful specimens were proeured in the
haul of a coral which wc had taken before at Station
3 at a depth of 1525 fathoms, Oryptohelia pudica,
l\fILNE-EDWAltDS. The genus Crypto llelia was esta­
blished by Milne-Edwards and H aime for a stylast era­
cean obtained from New Guinea. 'l'he Sty lnsteraceans
are remarkablo in havin g t heir septa all equal, and as
has Iately beon observed by Sars in the case of Allop ora,
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theonly memb er of th e group in which th e soft parts
are known, the tenta cle lie between th e ( puriou ? )
septa. Mr. Moseley observed the same fact in a
stYlasteracean nearl y allied to 01'ypto1telia dredged
in 500 fathoms off th e Mean gis I land s. Th e genus

Fm. G5.-Crypto1le1ill. pud ica, ~ 1I 1.s r.. I·:DWA R lJ l'I . Twl ee t he unturnl siz». ( Xo. ~" . )

01'yp to1telia has its bran ches disposed in a uniform
vert ical plane, with t he calicles all dir ected towards
one face of the plane. 'l' he coral ti ssue is unusually
dense and white; a thin lamina of coral ti ssue pro­
duced fr om th e margin of each cali cle on one side
pr ojects in front of the mouth of the caliclc and forrns
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a kind of shield or opcrculum. ~r. de Pourtales bas
describcd a series of specimens of Cryptokelia obtained
in 270 fatho ms water off Bah ia, under the name of
C. p ieroei, hut nftcr an cxaminat icn of ) 1. de Pour­
ta lcs' specimens an d of t he more ahundant materia l
obtaincd by t he ' Chall enger ' ~rr . Moseley entertains
lit tle doubt that his and our specimen s helong to the
same specics, ngain irlen t ical wit h O. p sulica of )IilnE'­
Edwards, 'J'he specimens l'nl'Y grea tly in size and
in the nmount of dcvclopment of the character ist ic
operculnr Iold ; the specimen flgurcd is th e largest
and most fully dcvelopcd which wc obtai ned, and t he
one in which the opcrcu lum was most mnrkcd. 'l'he
whole g l'OUp of Stylasteraccans rcq uires careful re­
vision, wben very Ilkely it may be fou nd necessary to
merge (frypinhelia an d E ncloheliet in Siyletster.

'l'wc exemples of the sponge-body of a l'cry hand­
sorne I/ya/ollema werc sifted ou t of the coral-mud.
Unfortunately, in bet h cases th e sponge had been
torn from the centra l coil , and th e absence of the
coil might have throwu sorne little doubt upon the
form and 1110de of finish of the complete animal ; so
that it waa extremcly Iortunatc that a J OUDg speci­
men of t he same spec ics, about 40 mm. in lengt h,
was caught in th e taugles qui te perfecto

llgalonema toxeree, 'Vy. 'L, resembl es closely the
other known speeies, II. Iueùanicum and H . sieboldi,
in general nppearance and in t he arrangem ent of its
parts. A more or less funnel-shnped sponge presents
two surfaces, covered wit h a network of different
patterns formed hy vurying arrangements of large,
flve- rayed spicules. 'l'he upper concave surface shows
a number of oscular openings, irregularly arranged ;

T
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and the lower surface a more uniform network of
pores, some of which seem to he inhalent and ethers
exhalent. The central axis of thi sponge is closely
warped into the upper part of a coil of long and
strong glassy picules, which, a in the ether pecies,
serve to anchor t he sponCl'e in the oft mud. Both
of the specimen dredged have the sponge more flat­
tened and expanded t hau it is in H. lusitanicum: In

Fro . œ.-H~ak"'nna m eru, Wv. T. Uppe r su rface, natural s lze, (:\ 0. 24. )

one of them it is nearly fiat (Fig . 66), forming fi. uni­
form cake-like expansion, 80 mm. in length, by 70
mm. in wid th, and about 8 mm. in thickness. 'I'he
upper or oscular surface TS covered by an exceedin gly
close network, with groups of large opcnings at
nearly equal interval s. It is slightly raised in the
centre. The central elevat ion is follo wed by a slight



CI!. I !' . 1V. J ~1'. 1'llOMAS 1'U BERMUlhJ.;'. 275

depression, and the upper wall then passes out nearly
horizontally to a sharp peripheral edge, fringed
with long, delicate spicules, each consisting of a
slender central shaft , with a cross of four short
transverse processes in the centre. 'l'he outer half
of th e central axis is delicately feathered. 'I'he lower
surface of the sponge (l?ig. (7) is protect ed by a sin­
gularly elegant network of sarcode, with wide oval

1"10 . tji .- lI!jnlOlltIlW tca erc», w\". T. Lower su rface uf tl u..~ sponge, nnt ural stze. ( :\0. :!-l.)

and round meshe radiating irregularly from a central
. point. 'l'he meru brune is traversed by irregularly

radiat.ing ridge of firm er substance, which unite in
th e centre in a proj ecting boss at the point where in
this specimen th e ' glass-l'ope' bas unfortunately been
torn out.

In minute structure, H!Jaloll e1Jl(t {O.1.:e1·CS corre­
sponds in all essential respects with H. sieboldi and

'1' 2
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II. lueitanicnm, AU the spicules are of the same
groun d-Iorms, wit h sorne Iit tl c differences in detail.
with the exception of Oll e rcmnrknble spicule which
eut ers lurgely iuto the structure of Il. toaeree, and
serves to dist inguish even t he smullest portion of it.
This is a large spicule, thc lnrgest abere a conti­
metre in lcugth, and more th au half a mill imetre in
widt h in the centre, shnpcd Iike n bow or boomeran g.
Th ese spicules arc distri butcd in nll parts of the
spougc, an d are par t iculm-ly ubu ndant nonr the in­
sertion of the coil. ~0 analogons form oucurs in
th e et her species of ] l !lfl!oncmo.

Th e large .âmphldisci are much Iarger thau in any
other known eponge . 'I'hey are upwards of lmlf a
millimetre in length , and visible to the naked e~'e­

twice as la rge as in II. Iueitanicum. The feath ercd
shafts of the flve-rayed spicules which fringe t he
openings are longer than in the ether spccies, and the
rays of the cross arc much shorte r (l;'ig-. OS).

The second specimen of th e eponge-body agreed
with th e one dcscribcd in all cssentiul point s of
structure, but wcs more conicnl in form. The young
specime n (Fig. GD) difl'crcd from the young of II.
lueitanicum of the seme age in bein g wider an d more
eyHndrical, but the extcrnal wall, which af terwards
becomes that of the Iower surface, showed the same
arrangement in squares which wc find in the ~'oung

of the other specics, 50 tlrat apparently the graccful,
round-meshed, wide nctting of th e under surface
docs not appear in t he car ly stages.

The coil is developed much in the same proportion
and in the same wayas in H . lusitanicum, the fibres
spreading out and ineorporating with the sponge
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substance. 'I'he characteristio bow-like spicules arc
abun dant in the yo ung sponge, and these, wi th the
large ..é1.mpltid'Ïsci, place it beyond a doubt that it is
the young of H . toaieres.

A quantity of loose spicules brought up in the
dredge at t he same time were referred to this species.

~'IU . ~8,-J1yalmltnta toxeres, w\". T. Part of lhe membrane froin lhe upper surface, x, 40.
(X o. 24.)

'l'hey were somewhat stouter tha n those of H . lusi:
lanicum, and less regular in outline, Thore was one
coil nearly complete , invol ved in a calcareous expan­
sion of a brunch of D ip loù elia profunda. Two very
young polyps, apparently of Pa lytlwa fatua, were
commencing the formation of t heir iuvesting crust
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at t he top of the coil of the young spec imen, j ust
below the sponge-body.

A sad accident occurred during th is dredging, which
threw a temporary gloom over our party, and brought

j.

FIB. 69.- l/llalon~ma torr res, ","1". T. A young spec imen, % . ~ . (Xu. 24..

home to us very forcibl y the critical nature of ou r
work. 'l'h e lar ge iron dredge which we were using
in preference to the trawl, the groun cl being rather
r ough , cauzh t upon a rock or a mass of coral, and
brought a sudden st rain upon the dr edge-rope ; and
hefore th e l'ope could he veered, 0)' any other stops

-
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taken to relieve the st rain, the hook of the foremost
span cm-ried uway, and the leading block which was
hooked to it flow back and struck " rilli nm Stokes,
one of the sai lor lads, with such violence th at he was
driven aguinst t he sh ip 's sidc. His t high was broken
in two places, and he was so seriously injured ether­
wise that he nover recovered consci ousness , and died
a fcw hours aftcrwa rds. Ile wus buried th e following
day, and slngulnrly cnough, just bcfore joining in th e
solcmn service wliich v connnlttod hi s body ta th e
deep," wc had usccrtaincd t hat his grave wus in th e
\'cry dccpest spot whicb lmd ever bccn fathomed in
the ocean. H is deat h is rccordcd on a cross in the
crcwded liUle lmrial-ground in Ircland I sland, Ber­
mud as, with t he fit t ing lcgcnd ,-" In the midst of
life wc are in death."

On " rcdnesda:", t he 2Gth of l\Iarch , we sounded
(Station 25) in la t. Ht ·11' K ., lon g. 65° 7' ' V., nearly
DO miles north of St. Thomas, in 3,875 fathoms. The
bottom brou ght up in t he "hydra ' tube wns reddish
mu d, containing, howevcr, a cons iderable qu nntity of
carbonate of lime. The colour and comp osition of
the mu d wus not uuiform. The upper luyer-c-tliat
whicli had bccu forccd furthest into t he tube-c-wns
much rcddcr th au thut which wus ncnrest the mouth
of the tube, and which hnd consequ ently come from
fi grea ter dcpth.

'l'hi s is a ph cnornenon with which wc arc DOW very
Iaruiliar, particulnrly among the l'cd clnys f l'OIU great
dcpths. It SCClllS t o be due to some dcoxidizing
prcccss t ak ing place slowly, and conscq ueatly visibly
affecting only t hose deeper layers which have beee
dcposited for a considerable length of fim e.
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As to the determination of depth, this sounding
was perfectIy sntisfactory. Being sti ll near the
I slands, we did not expcct the depth to he nearly so
great as it was, and th e 1 hydra J t ube was weighted
with 3 cwt only; but the sen was smooth and the
weather fine, and it was easy to keep the ship nearly
stationa ry. The following table gives the time­
intervals in the running out of the line.

2 40
2 52

2 14­
2 15
2 18
2 15
2 11
2 22
2 27
:2 19
2 26
2 27
:2 27

;
J 2 51
i{Atthe
1

rate of
3 56

! 4 20,,

,
i " "'·t u l,
i Il. L

8 1 18
8 2 23

Tillle.

H Il...

r 9 38
1 11 53
j 14 11
7 16 26
1 18 37
7 20 59
7 23 26
7 25 45
j 28 11
7 30 38
7 33 5
7 41 40
j U 20
7 47 12
7 57 22
8 0 19

;

i 3925 1

j: 30;'0 i2 :;
2 Il

!FsthOrul.1 T;,"e.

500 l~-~~ ;-; Il. s, • ssoc
600 1 6 37 16 0 ;'0 '1 2500
700 1 G 38 29 1 13 li 2600
800 6 39 48 1 10 " sroo
900 6 41 12 1 24 '1 2800.,

1000 6 42 ss 1 36 " 2900
1100 G H 25 1 37 :1 3000
1200 6 46 3 1 38 : 3100
1300 6 47 45 1 42 ,1 3200
1400 6 49 32 1 47 Il 3300
1500 6 5 1 20 1 48 ' · 3-100 ,
1600 6 53 12 1 52 . 3500 '
1100 655 7 1 5:} 3600 ·
1800 6 57:; 1 53 ,.· 3i OO "
1900 6 59 2 1 57 :: 3800
:WOO 71 6 -1 3[100 1

2100 t 3 8 2

2200 7 5 13
2300 7 7 24

It will be seen from the table that the intervals
between 3,200, 3,300, and 3,1·00 fathoms arc the satne,
while they ought to have bcen rcgularly incrcusing.
Captain Nares thought that the sound ing machine had
probably reached the bottom, and that a uniform
under-current might be dragging out th e Une. Ile
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accord ingly comm enced heaving in, but the strain on
th e accumulat oes at once showed that th e weights
on the' hydra' lind not detach ed, At 3,700 fathoms
another at tempt was made ta heave in, but the
weights were still there. Close to the 3,900 fathom
mark t he line suddenly came almost to a stop-50
fathoms more were let out, and t he time taken at
intervala of 25 fat homs, and the complete change of
ra te at once showed t hat the instrument was on th e
bottom. On rcc ling up it 'l'as evident from t he de­
creased strain t hut th e ' hydra ' tuhe had beeu relieved
of the weights, and was coming up with t he instru ­
ments nttached to it nlonc .

'Iwo t hermometcrs were sent down in t his sound­
ing, and a slip water-bottle. The thermomet ers were
broken, and as the mode in which the fracture
occurred is in it self curious, an d has an important
bearing upon the use of these instrumen ts at ex treme
depths, [ will briefly describe th e condition of the
t hermometers when they came ta the surface.

No. 39, a valuable instrument with a small an d
constant error, which we lied used for sorne time
whenever for an.)' reason we required extrema
accuracy, wns shattcred ta pièces (Fig , 70 A),

I n No. 42 th e instrument was externally complete,
with t he exception of a crack in the small u npro­
tected bulb ou the right Iimb of the TI-tube. Tbe
inner shell of the prctccted bu lb wes broken to pièces
(Fig. 70 B).

In both of th ese cases there seems little doubt
th at the damage occurred tbrough the giving way of
the unprotected bulb. ln No . 39 the upper part of
that hu lh was groun d intc coarse pcwder, and the
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fragments packed into the
lower part of the bulb and
the top of the tube. 'l'he
laree bulb and it covering
shell were al so broken, but into
larger pieces, di posed as if
the inj ury had been produced
by sorne force acting from
within. The thermometer tube
was broken through in three
places; at one of these, close
to the bend, it was shattered
iuto very small fragments.
The creosote, the mercury, and
bubbles of air were irregulnrly
seat tered through the tube, and
it is singular that each of the
steel indices had one of the
dises broken off. 'l'h e whole
took place no douht instant­
aneously by the implosion of
the small bulb, which at the
same time burst the large bulb
an d shattered the tube.

In No. 42 a cra ck only
occurred in the small bulb,
either t hrough sorne pre-exist­
ing imperfection in the glass
or from the pressurc. When
the pressure became extrcmo
the crack yielded a little and
the soa-wate r was gradually
forced in, drivin g th e cont ent s

c1,J(;a
.~

. 0 ."

A Il
FIG. 70 -T1lCnn omclcr tubes br oken

br pre••ur e at Station 2;;. ,\ , Th er­
ruometer So. 39; B, :\0. 42.
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of the thermometer before it, and. t aking it at a
disadvantage from within, breaking t he sbell of the
large bulb, which was unsupported on account of the
helt of rnreflcd Yfl pO lll' hctween it and it s outcr-shell.
'J'he prcssurc was ne w equalized within and without
the inst rument, and t he injury wcnt no Inrth cr. AI­
cobol, creoso te. mcrcury, and sea-wate r were mixed
up in t he oute r case of th e large bulb with the déb ris
or the inucr bulb, nud one of the steel indices lay
uninjured across t he cent re of it.

Tt new hccomos nu Impor tant question why t he
thcrmo mctc r should gi n~ wnyat t hnt pnrti cul ar poin t,
und one sfil l more important , how the dcfect is ta he
rcmcdicd. At first sigh t it is difflcult ta imagin e
why the small bulb should give war rather than th e
outer shell of the large one, 'l'h e surface exposed
ta pressu re is smnllcr. th e glass is thickcr, and It is
somewhat botter supported from within, as t he tube
is nearly fllled with fluid under- th e pressure of nu
utmosphere. l bel ievc th e cause must he that the
end of the smnll hu lh is th e last point of t he instru­
ment hcaterl and scnlcd artel' th e tube is filled with
liquid, and thnt, conscquent ly, th e ann ealing is
irupcrfcct at th nt point, It is eviden tly of no use to
proteet the smnll bull> in the samc wny in which the
large bulb is protected. The outer shcll is merely a
precaution ta prcrent the indications being vitiated
hy the action of pre ssure on the olast ic bulb. Against
crus hing, it is no protection : it is rather a source of
wcakncss, from its greatly increasiug the ex posed
surface. The ouly plan which seems ta he feasibl e is
t a thieken th e smnll bulb itself, and. if possible, ta
improve it s temper . Jt is only fair ta say that these
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thermometers were tested and guarantecd ta only
three tons on the squarc inch, and that the pressure
to which they were subj ected wus equa l t a four tons.
T he water-bottle nppcared ta have auswored its pur­
pose, alt hough the woodcu plug closing an air-vent
in th e tube had succunibed to the pressure, and had
beon washed in its contracted statc out of its place.

Ml'. Buchanan flnd s t hnt t he bottom wnter hus a
specifie gravity slightl.\· g rcatcr t hnn usuul at g reat
depths (see Appel1llix C to Chnpter V.) , but not
materially sa. The amuunt of carbo uic acid is
somewhat in excess.

As this was the deepcst sounding which we had
taken, we were auxious to try whether th e dredge
would still prove serviceublc. The small dredge was
aecordingly lowered with th e usual bar und tangles,
and from t he cent re of the bar a "hydra ' sounding­
t ube, weigbted with :1, cwt., wns suspended about t wo
fathoms beh lnd t he dred gc. A â-iucb l'ope was
veered to 4,..100 fath oms j a togglc was stopped on
the rope 500 fathoms from t he dredge, and when the
dredge was weil down, tw o weights of l cwt . eaeh
were slipped down the l'ope to th e togglc. we corn­
menced heav iug in ahout 1.30, and the dredge came
up at 5 P.:U., with a considerable quant ity of rcddisb­
grey ooze, mottled like the content s of the sounding­
t ube. The bluer portion effervcsced slightly with
acids, the redder scarcely at all. 'l'he mud wus care­
fully cxamined, but no animais were detected, except
a few small forarninifera wit h calcareoua tests, and
sorne considerably largcr of the urenuceous type.
This dredging, therefore, only confirma our previou s
conviction, t ba t very extreme depths, whi le not
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inconsistent with the existence of animal lire, are
not favourable to its development .

In the nfternoon a series of temperatures were
taken at intervals of 100 fathoms from the surface
to 1,500 :-

Surface . . 24-· 5 0 . 800 Cathom. :JO- 60.
100 fathom. 20 ' 3 '00 "
'00 "

16 . 1 1000
"

3 . 1
300 "

12 . 1 1100
"

,..
. 00

" 8 " 1200
"

, . 9

'00 " li . " 1300 "
2 . 8

' 00 " " 0 U OO "
, .,

700 "
1500

"
,..

The curve constructed from this series indicates a
very rapid and uniform faU of about 20- C. during
the first 600 fathoms, an d generally a distribution of
temperature almast identicai with tbat of sorne of
th e Iater stat ions on the section from Santa Cruz to
Sombrero. (Curve N'o. 25, Fig. 71.)

In the evening wc pursued our course northwards
unùer all plain snil.

On the following day wc sounded in much shal­
Iower water-2,SOO fathoms j the bottom was mueh
of the same charactcr : and on the 28th in 2,960
fathoms, with a Iike result : but at our next sound­
ing in 2,850 fathom s on the 29th, the calcareous
clement in the roud bad al most entirely disappeared ;
and the contents of the tube seemed to be ident ical
with the • rcd clay ' which occupied 50 large a part
of our fi rst section.

A tcmperature-sounding was taken at tbis stat ion
at evcry 100 fathoms from the surface to 1,500 (curve
Ko. 28, Fig. 71), and in the afternoon th e operation



° 1 Temperu t.ur c SUU llt lill l;~-uc ted f'rcr u Sur-inj l.-'JUI'VCS co na t t



cHAr. lv.J sr. TIWJIA S TU B t:RJIL'LIA.S. 287

wee repeated at inter-vals of 50 fat homs, with the
rcsult of verifying the temperatures taken earlier in
t he day , whi ch scemed ta indicate the presence of
a mass of watcr nearlv 200 fathoms thick, at a tem­
pcruturc ranging from 100 C. ta Uf' C., bringing down
t he isoth crmal linc of Hr C. on Pl. IX. from the 200
ta the :Jon fathom li lle and proùucing a hump on
t he curvc ded uccd l'rom th e sounding some what re­
scmhling that which wc had traccd along th e west
consts or Eu rope.

On ::\IOll lh~' t he â t sr, th e wcather st ill continuing
"C I'Y plcnsant, with a Iigh t south-easterly wind, wc
souudcd and dredgcd in 2,700 fathoms. The dredge
hrought up u quantity of reddish-grey mud of the
usual character. Carbonate of lime was in sorne
quantity, and t he clay contained a number of the
fresh shells of calcareous miliolincs. The only
higher animal siftcd out was a scarlet caridid shrimp.
A seriai sounding (eurve 0:\0. 29, Plg. 71) gave a st ill
more decided ind ication of a stratum of warm water
between th e l -and 300 fathom lines.

Surface 22°' 2C. 900 ("th olOS 3e
• SC.

100 flllhom" . 1j' • ; 1000
" 3 "

' 00 "
1; . 0 1100

"
3 . 1

:UIf) 14 . ~ 1200 ..
' 00 .. 10 . 6 130U " 2 '8
500 .. 6 . 8 " 00 .. 2 . 8
600 .. 1500 .. 2 . 4
j'OO .. , . 7 Bottom 1 . 6
800 .. , . 1

'I wo additional series of tem perature were taken
at this station, one at inter vals of t en fathoms down
ta one bundred, and a second at the odd fifties down



288 TllE ATLANTW . [CS J. P. ,,,.

to four hundred and fifty. These soundings com­
pleted and enti rely corr obornted the fust series.

JO fatboms . 22°' 8 C. 1 60 fathom. 20°· 3C.
20 .. 22 . 1 70 .. 19 ' 6
30 .. 21 . 9 80 .. 19 . 2
40 .. 21 . 2 .0 .. 18 . 0

'0 .. 20 ' 9 100 .. 18 . 3

- -- ..
50 fathorns 21°' OC. 3.';0 fllthom. 12 ' 4C.

1'0 .. 17 ' fi -I ;i O .. 8 "
250 .. 16 • 1

Slip water-bcttles wcre used to bring up snmples of
water from different depths for the determination of
the specifie gravi ty an d for analysis.

On the l st of April t he mud brought up from
2,600 fathoms was the same as tbat drcdged the day
before, and it seemed ta gire sa little promise of a
successful hau i that we did not repea t the operation.
The second gig wus sent out ta bring in sorne of the
patches of gulf-weed which were passing the ship in
large numbers, and ta collcct surface-animaIs.

On the 2nd of April , at a dista nce of 134 miles
from Bermudas, a. ser ies of temperature-soundings
was taken at intervai s of 20 fathoms from the surface
to 300 fathoms, with the following resuIt :-

Sumo. 20'" 9C. 160 fath om. 11°' 9C.
20 ia.thome . 19 . 5 180 .. 17 . 7
40 .. 19 • 4- '00 .. J6 . 7
60 .. 19 . 3 225 .. 17 . 4

' 0 .. 18 . 9 :250
"

16 . 8
100 .. 19 . 0 275

"
16 ·5

120 .. 18 · 6 300
"

15 ' 9
1<0

" 17 ' 7
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I t will he eceu hy reference ta P late IX. that not
only dues the layer of super-hcated water maintain
its position, but its temperature actually rises, not­
withstanding the more nort hern lati tude. 'l'Ile lines
representing 18°, 17°, and 1(t C. are deprc ssed, each
nearly 50 fath oms ; and a subsequent observation
(Stat ion 57), about fifteen mil es from Bermuda, shows
t hat the sumo conditions of temperature are main­
taincd i-ig ht up t o the islands.

On t he 3rd of ,A[n-il soundings were tnkcn sucees­
sively in 2,·n5, 2,2aO, 1,8:W, und 9;JO fathoms, gradu­
ally passing up t he slope of t he reet: The bottom in
ail cases had a hasis of soft , whi te, calcarcous mud,
evidently produced hy the disintegmti cn of the
Bermuda reef and of th e multitude of pteropod shclls
which sink down l'rom the surface. At a distance
of teu miles 01' sa from th e recf th e soundings are
sometimes aetunlly composed of the fragm ents of
surface-shells ta t he almost ent ire exclusion of t he
homogeneo us detrit us of t he coral.

The next du)' wc scundcd at varions depth s from
780 ta 120 futh oms. The faunn sec mcd ta he on th e
whclc scanty, th e Hnely-divided calcnrcous mud bcing
pro bably unfavourubl e ta th e existence of most of th e
highcr form s of nnimnl Iifc. Among t he few interest­
iDg species which wc met wlt h nt t itis station were a
flop. specimen of th e Euryal id Ophlonereie lumbrieue
(Ln IAN). uttached to a gorgonia ; a large, handsome
Spataugffs, allicd ta S. p Ul"pur elts j and sorne fragm ents
or Cœlop leurus florùla wus (A,AGASSIZ), a ,"cry singula r
m'chin, near Cidnrls in sorne respects, but with t he
spines enonnously long in proportion ta th e body.

A pilot came on board off St, George 's, and we
u



THE .:fTLANTIC. (CUAP. t v.

passed slowly through the intricate and dangerous
•narrows ' bet ween the reefs, th e nnturul defonces
of the northern coast of Bermudas which make
IJny artificial fortifications almost unnecessary, and
anchored in Gressy Bay in t he cvcniug.

Bermudas or • Somers,' or, by corruption, •'f lle
Summer I slands,' seems to hav e Leen discovered
ubout the )'ear 1503, Il)' J uan Bermudcz, a Spaniard,
in the vessel •Ln Gnrza ,' hnvin g on board Ovi édo, the
well-kncwn author of the hi story of t he " "est Indics.
Oviedo says, uddresaiug the elUpel'or Charles V" « I n
t he year 1515, when 1 flrst came ta inform you r
Majcsty of the sta te of t hings in I ndin, 1 obscrved
that in my voyage when to windward of th e I sland
of Bermudas, otherwisc eall ed • Gorea,' being the
most remote of all th e islands yet found in the world,
I dcter mined to send sorne of t he people nshore, bath
ta search for what might be thcre and ta lenve certain
hogs upon it ta propagute. But on acccunt of a con­
trary wind 1 coukl not br ing the shi p nearcr t han
cannon-shot. "

The first English printed account of Bermudas is
by H enry ~Iay, a sallor, 'who was wrcckcd there in
1593, in a F rench sh ip commandcd hy l\I. de la
Barbotier. May states that he and the F rench crcw
found on the island many hogs, but thèse 50 lean as
ta be unfit for food, and abundanœ of lrirds, flsh, and
turtle. Dy good luck the chests of carpentcr's tools
were seved from the wreck , along with sorne sails and
rigging, and lIuy and his companions ccntrived ta
build a vessel of considerable size of the native ccdar,
in which, after remaining about flve months on th e
islands, tbey stood for t he banks of Ncwfoundland .
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Il Here they met with many ehips, but none of
thcrn charitnbly inclined towards th em. when it
plcased Gad thf!Y fcll in with 4 the honcst English
barque v Fuwmouth ," which rcceived them on board.
"~hile in tit is vessel t hey ' tooke' a French ship, into
whic h Capta in de la Barboticr and his scamen
were t ran sfcrrcd ; ::\Iay himsclf rema ining with t he
English vessel, whi ch arr'ivcd nt Falmouth in August,
159.1." 1

Th e next wc hcnr of Bermudas is from nn account
hr one of ber crew of th e wreck of th e ' Sen Advcn­
turc,' in the year I GOn.

'l'he ' Sen Advcnture ' wns one of a smnll fleet dis­
pntched from London ta ecurey the newlv-uppolnted
Govei-noe, Sir Th omas Gates, Admira i Sir George
Somers, and sorne et her offlc inls, ta th e young colony
or Yil'ginin .

On )[omln\', Julr 2 l·th, Bt. Jnmes's dny, wben thev. . . .
reckoucd thcmsclvcs with in sovcn a l' etght days' sail
of Cape Ilcn rv, .. the clouds lx-gan ta thickcn nround,
and a drcndl'ul storm commcnced from the north­
cast , whicb, swolling an d roarlng as it were by fils,
nt leugth secmcd ta cxt inguish all t he ligh t. of henven
nnd lcave ut ter dnrknr -ss. Th e blackness of th e sky
and the howling of t he wiuds wcre such as to in spire
the boldest of our men with terrer, for th e drcad of
rlea th is nlwnys more terrible nt sen, ns no situation
is so ent ircly dcsti tute of eomfort or relief as one of
danger tberc."

Aftor sccing St.. Elmo's fires on th e rigging, spring­
ing a lcak , an d undcrgoing cvcry possible tria l, moral

1 • Tho Nlllllfl\1iel in Bermude,' br J ohn :Matthew J onte, Esq., or
Un) ~1 i. l ,ll c Temple. London, 1 8M~.

u2
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and physical, for flve days, Sir George Scmers at
length sighted land, a nd t hc wind Iulli ng a litt le,
th ev l'an th eir ship ushorc whcrc she bocume a. ,
complete wreck.

" "~e now round thnt we had rccched a daugcrous
and dreadcd island , or rat her islnuds, ealled t he Ber­
mudas, considered terrible by ail who have touched
at th em ; and frOID the dreadfu l tempcsts, thuuders,
and ether ularmiug events prcvni ling, are eommo nly
numed th e De-vil' s I slands," Sir 'l'hcmas Gutes, Sir
George Somere, and thcir compunions, founrl t he
islands totally u ninhahited, hut capable of yielding
nbundance of food. H ogs which had been set adri lt
hy sorne earlicr visitors, whose names have beeu lest ,
were 50 nu mero us thnt t hirty-two n'cre brough t in by
a par ty art el' one day 's hu nt ing. Pish ubou nded on
the coasts, and were eaug ht wit h t he greatest case ;
and turfles added daily t a t he luxury of t heir fare.
" It is sueh a kind of meut as Cl man cao neit her
absolutely caH fi sh nol' Ilesh j the animal keeps
chietly in water , fee diu g on sca-gruss like a hcifer, in
t he bottom of t he cuves an d buvs ; and the femalcs
lay thuir cggs, of which wc Iound five hundred at ft

li me on opening a shc-t ui-tlc, in th e sand of t he
shore. 'l'hey arc ocvcred close IIp, and leu ta he
batched by the sun."

'The party round th e islands 50 plcasant and 50

product ive, and th uir ideus abou t Virginia were so
'm gue, th at t here wus a very general disposition to
remain whcrc t hey WC1'(~; uud for neurly a ycar,
durin.... which t hey woro ccnstructl ue vessels t a can-o 0

ti nu e t heir voyagc. th e govemor a nd the admirai
bad great difficul ty in keeplng t heir party togcther,



CHA I'. IV.] S 1'. THO MAS 1'0 BERMUD AS. 293

and in supprcssing conspiraoies ta obst ru ct their work,
and to prevcnt their further progrcss.

Ea ï-ly in )fay, 1610, howevcr, Sir George Somers
lmd completed his pinnace, the' Patience,' and on
the 10th of JIay the lit tl e par ty SPot ou t, and about
midnight of the 18th t hey" were sensible of a charm­
ing odeur from the land resembling that from t he
coast of Spai n, ncnr th e St raits of Gibraltar." l Th ey
reachcd F ort Al gernon in safety, hut t hey found the
Virginian colon)' sa bndly off for provisions that Sir
George Somers volunteered to rcturn to Berm udas
for supplies; and duri ug that t r ip he dicd near the
site of the present town, St. George's, where therc is
a monument ere cted ta his mc mory. His nephew,
Cnptain ) [a tthew Scm ers , ccrri cd his un clc's body to
l ~ n gla nd in the old ccdur pinnace. Owing to Captain
Somers ' rep resentations, a compar,y was form ed in
Englanrl to colon ise Berm udas, au d in 1612 the
fh'st party of sctûcrs arrivcd, under the charge of
Govcruor Hichnrd ) 10re .

Since that timo Bermudas hus bcen a Briti sh
colcny, t hou gh perhnps not a very successful one ;
and luttcrly an impor tant naval and milita-y stat ion.
During t he cru-l ier part of its history, Bermuda s was
int imately conncc tcd with Virginie , and t he account
givon of it in Smith 's "History of Virginia' is at once
so quaint und 50 gencrally correct t hnt I cannat
refra in from giving a scmcwhut length y extract i-c-

" Bcforc wc present you the mat ters of fact, it is
fi t t o offer t o you r view the Stage whercon they were
neted, for as Geography without H istory secmeth a car­
knsse without motion, so TIistory with out Geography

1 'Rhip wfeCKS nnd niAAs tc r.~ nt Sen.' London, 18-tfl.
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wandreth as a Vagrant without certaine habitation.
Tho se Islands lie in th e huge maine Ocean , and
two hundrcd Icagu es from auy continent, situatcd
in 32 degrees and 2;) minutes of Kortherly latitude,
and distant from E llg laml, "~est-South·'Vest, about
3,300 miles. sorne tw enty miles in length, and not
past two miles and a halfe in brcad th , enuironed wit h
Rocks, which to t he North-ward, w est-ward, and
south-East extend further thun they haye been yet
well rliscouercd : by l'03S0n of t hose R ocks the
Country is naturnlly very strong, for there is but
two places, and scaree t wo vnlcsse to them who
know t hem well , where shi pping may safely come
in, and t hosc uow ure excccding well fortified, but
within is roomc ta entc rtui ne a RoyaU Fleet: the
R ocks in most places appca rc at a low water, neithcr
are thcy muel, couercd at a high , for it ebhs and
Howcs not pust fiue foot ; the shore for most part is
fi Hoeke, 50 hartlcncd with the surine, wind and sea,
that it Is not apt to be wornc away with the waucs,
whose violence is also brokc hy the Ro cks bcfore
t hey can come ta the shore : it is very vneucn, dis­
trlbuted into hills and dulcs, t he mold is of diuers
cola urs , nei thcr clay nol' sand, but a manne betwcen ;
the red wh ieh rcscmhlcth clay is the worst , the
whitest rcscmbllng sand and th e hlaokest is good, hut
the browne betwix t t hem bath, whi ch they call white,
because therc is mingled with it a white m éale, is the
best ; vnder the mold two or thrce foot decp, and
somet imcs lesse, is a kindc of wh ite hard substance
wh ich th ey caU the Hoeke: t he t rocs vsuaUy faatcn
their roots in U, neither Ia it indeed Rocke or atone,
or 50 hard, though for most part more harder than
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chalke ; nor sa white, but putnish-like and spungy.
easily recieui ng and containing much water. In
sorne places Clay is found under it, it seemes ta
he engendcred with raine water draining through the
earth, and drawing with it of his substance vnto a
certa ine dept h whcre it congeaIes ; the hardest kinde
of it lies undcr th e red ground like quarries, as it
were thickc slates one upon another, t hrough which
th e water bath his passage, 50 th at in sncb places
thore is scarce found any fresh water, for all or the
most part of the fresh water commeth out of the sea
draining through th e sand. or that substance called
the Hoeke leaving the salt behinde, it hecomes
fresh."

Representative government was introduced in
Bermudas sa earl)' as the year 1620, and in 1621 the
Bermudas Company of Lon don, in whotu th e govern­
ment was at that ti me vcstcd, issued a liberal charter.
That charter remniucd in force only till 1085, wben,
probably ou uecount of th e import ance of the islands
as a milit ary sta tion, it was annulled by the H ome
Govcrnment , and since th en the govemors have beeu
uppointed by th e Crown, and the luws of the colony
have heen enncted hy a legislature consist ing of the
gorcrnor and niue members of coun cil appointed by
th e Orown, and thirty-six members of assembly elected
by th e nine pcrlshes into which the islands arc divided.
Slnvcry appc31's to have existed in Bermudas from
the first in a mit igated an d patrinrcha l form. The
legislative bodies of Bermudas and of An tigua were the
only two umong our colon ies which nbolisbed slavery
without the intervention of apprenticeship. 'l'he pro­
portion received by Bermudas of the compensntion
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voted by ParI inment wus 50,58! 1.-271. 48. lld. for
each of ,j.,203 slaves. The number of t he civil
population in 1871 wns 12,420, of whom 5,030 were
white, and 7~:lÜG coloured. The coloured clement in
Bermudas is by no menus cntircly African. In t he
earlier days of the settlement many Iabourers and
slaves were brought from Yirginia and other parts of
North America ; and one may often rccognise th e
aquiliue nose and charncteri stic features of th e North
American Indian, uow, however, except in one or two
familles, very much masked by negro int ermixture.

Approaching the island s from the sout hward, th cir
general effect is somewh nt sombre. The la nd is low,
r ising nowhere to ft hcigh t grcat cr t hnn t wo hundred
and sixtY feet, and hy far the greater part forming
gentle uudulations at a hcight of from tw enty to
sixtY feet abere th e sca levcl.

Although very valuahle crops are raised, i t is by a
system of market-gardenin g in isolatcd patches rather
than hy agricult ure, and t he island s cannat he said ta
he generalIy or uniformly cultivatcd. A great part
of t he higher land is COYC1'c d with a nutuml pasture
of inferior grasses, mixer! with a low scrub of whut
they calI wild sage, a spccîcs of L ontana, which hus
heen introdu ccd in comparntl vcly late t imes, and has
spread in a wonderful way, so t hat it is now a perfeet
nuisan ce. The whole arca of the islands is not more
than 12,000 acres, an d of th èse only about 1,200 arc
under cultivaticn.

'I'he principal islands arc woll woodod, but the t;l'cat
preponderance of th e Hermud ian ccdar (J unipm'ulJ
bermudiana), with a close and r igid foliagc of the
darkest green , gives a gloomy character to the woods;



CHAr. IV.) sr. THOMAS TO BE RMUDA S. 297

as we got a. little nea re r, bowever, and the white
bouses of St. George's and the white tents of the en­
camprnent on Prospect llill came iuto view, and th e
lone frin ging Leach of bright coral sand with it s oute r
border of intensely blue water breakin g iuto dazzling
white surf, th e gravity of the scene 'l'as greatly
rclicved.

As we shull sec hereaf'ter, t hore is a total want of
springs an d wells of fresh 'l'a tm' on the island, and it
bus become an ulmost universal custom ta roof the
houses with thin slabs of white limestone, and,
furt her, ta whitewash bath roof an d walls ; the
rai n-wate r eollccted on th e roof, and kept clean and
fresh bv the coustnnt lv rcnewed whitewnsh , is care-. .
fully led into a tank, and forms the cnly supply of
Imre wetcr. Evcry house of any prctension is pro­
vided with sueh il tank, ulso covered wit h a slopiug
wlritewashcd roof, which, while it checks evapora­
t ian, adds ta th e contents of th e tank by it s OW11 rain­
catch. 'l'he white roofs are ultogether pcculiar , and
as the bouses uud cottages of th e rural population are
scattered over the whole island, 50 ns almost ta l'un
iuto one cont inuons straggling village, the white
squares gleuming amoug th e dark trecs producc
rat her a pleasing cffect, and Olle which is certainly
very charucterist ic of' Bermudas,

f:ùdm'da!l, .Apr il filh.-A. lovely clear morn ing;
the sec pcrfectly smooth, and the sky ulmost cloud­
Jess, It wns sa carly in th e season that the tempera­
t urc (ü8° F , in th e eliade) was not oppressive, The
vicw from th e ship-the •Camber, ' the govcm ment
Lasin with the ftoating dock, the largest in th e world,
nud the subs tantial buildin gs of the dockyard, and
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th e ' Royal Alfred: th e • Terrar,' the f I rresistible,'
and fi uumber of gun-boats, and the Iife an d music
and colour inseparable from a mili ta ry station, t a th e
west of us; the tort uous channels with which wc
were soon to he very fumil iar bctween the recfs,
mark ed out by divcrs-colcured buoys and Ieadiug
among the many islands of the 1 great sound,' to
H amilton, to the south ; t he north coast of the main
island stretcb lng in fi succession of sha llow bays and
wooded kl1011s and low cliffs, from Spanish Point to
t he high grounds at the ent rancc of Castlc Ha rbour,
ta the east; and the wondcrful variety and brilliancy
of colour of the sen a11 arcund u s - wus very
beauti ful.

Captai n 1\ares and 1 wcnt in the forenoon to pay
our respects ta AdmiraI Fanshawe, comma nding on
the K orth American statio n, and to the govemor,
General Lefroy. ,,~c roc-cd aCl'OSS th e glassy sen,
clearly mappcd out iuto patches of hr ight purple and
st ripes of the most vivid green by the rcefs and the
sandy spacee bctwecn them, Ovcr the reefs in sorne
places the water wos only a futhom dccp or less, und
we could sec th e great round masses of brain coral
beneath us, and the groves of pu rple [} o1"[fo lliœ and ail
kinds of feath ery zoophytes, intcrspcrsed wit h yellcw
sponges and bunches of sca.wecd in all shades of
olive and bright green and red. Cla rence Cove, the
landing place for Clarence Hill , the udmiral's official
residence, is an incloscd Iit tlc hay, with the dark ceder
woods eoming close down on all aides to the wuter'a
edge. A garden ri ch with the luxuriant Ioliagc­
vegetation which auits the climate and th e sheltercd
situation 80 well, rune alonp one slde of the coye
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under the hill ; and in th e garden a Iittle mound
marks th e grave of a middy, who dlcd, poor boy, on
the station, and who was bu rled in that quiet place
in accordance wit h a Dot unnatural wish.

A winding path leads through the wood up to the
house. Out aide th e drawing-room window t bere is a
vcrandch looking down upon another small terraced
garden, an d commanding a VCl'Y lovely view over the
islands. 'VlJ ilo we wcre standing at the window en­
joying it, a li ttle ûock of hirds, sorne of t hem brigh t
sen-let , and ethers of a splendid metall ic blue, more
like the faner birds on an old brocade th an real
pirates of a kitehcn garden, aligbted on one or the
t rces bclow us. The' red bird ' (Guarica cardinalis),
and the "blue bird '- the blue-robin of the States
(Sia/ia 1r:ilsoll i ), arc probnhly conunoner an d more
tome at Cla rence H ill t hau elsewhere, bccau se
1Ihs. Fnnshnwc especially protcct s and encourages
them ; but th e)' arc freq uent all OYC l' t ho islands,
and they arc so \'l'l'Y orna mentnl t hat vario ns laws
II<1\'e bccn enccted b~; the legislature t n prevent their
l' Xtcrmiuntion.

From Clarence Hill wc wcnt on ta Mount Langton,
the residen ce of the gorcmor, w e were unfortunate
in not finding th c govcrnor at home on t his occasion.
but wc had the pleasure of seeing him vpry frequ ently
nffcrwn rds, and th e kindness wit h which he did ever)'­
t!ling in his power to ruake our vlsit plensant and
profltuble will long be rememb cred by al l of us. 'Ve
wero indcbtcd ta Admira.] Frmshnwe and to Capta in
Aplin. captain-supcrintendcnt of the dockyard, for
cvcry possible accommodat ion and assistance in carry­
ing on our work, in add ition to the greatest personal



300 TUE A.TLA.VTj('. [CRU. l" .

kinduess ; but General Lefroy's time wus Iess occupied
with official duty. H imsclf a t rnin ed observer and
deeply interested in t he welfarc of th e cnlony, he was
tboroughly acquniuted wit h its physicnl conditions,
and it was chicûv undcr his fï-icndly z uida nce t hat. . ~

we ga thered what information we could during the
short peri od of our s.tny.

Moun t Langton hns perhnps the hest situntion on
t he island . It sta nd s hig-h noar the north sho re, aDII
only a mil e or s') from H amilton, th e principal town.
Successive goveruors have donc a great deal in 1a,}"ing
out and ircproving th e grounds, and in introducing
ornamen tal and economie plant s sui tahle ta t he
climate ; and General Lefroy espccially hus almost
converted it int o a j m·tlht sl'ucclimatieotion,

1\~e bad an excellent vicw of a great part of the
island s from th e signal sta tion nt ) fonnt Langton.
Ber mudas is practi cally an •atoll ,' 01' annulnr cora l
rcef 'l'he rcef is about t wenty-four miles in lengt h
hy twclve in width. l ts long nxis cxtc mls from X.E.
ta S.'V. It is situntcrl in a region of vm-iuhlcs, but
t he most pre valent und by fur th e most violent winds
arc from the S." ' . 'l'Ile por tion uhove the lcvcl of
th e sea st ret ches along th e southc rn or wcnthcr stdo,
and consists of a chai n of fl vc narrow islan ds and a
multi tude of is1et s and dctuchcd rocks, which l'aise
the number of th e elements nf t he arch ipclngc to over
t hrec hundred. Thc cdgc of the rcef on the Icc sidc
is u nder water, with hcrc and th crc a Icdgc showing
abov e it at low ti dc, und with a single rock, the
1 Nor th Rock,' ris ing ta t he hcight of sixtccn fcct,
There are only twc or three channcls through whieh
vessels can come in through the recfs on th e north
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side, and all of thèse are difficult. Th e best passage
is th at round St. Catherinc's Point and pnst ~Iurr3Y's

Anchorage) and so on to Gra ssy lb)', th e usual
rendezvous of her )Iajestfs ehips. An uubrokcn
rcef stretehes along the south shore about fi quarter
of a mile from th e land, from one end of the islands
ta the ether. 'I'he central portion of the reef forms
an imperfect lageon, with an 3 \'C1'3ge depth of sevon
to eîght fathoms.

The general cha rncter of this atoll is much the
same as tbat of like reefs in the Pacifie, with certain
peculiarities dcpending upon the circumstance that it
is the coral island fart hest from the equa tor, almost
on the li mit of the region of rcef-building corals.
Accordingly, some of th e great reeî.bu ild lng genera,
sueh as Madrepo1'u, Ctudocom, an d AslJYIllyia, wbich
are common even in the w est I ndics wherc the coral
fauna is soanty, are absent.

The water over the reefs is extremely clear, and by
using a wuter-glass-c-a square bucket with the bottom
of plate-glass, j ust lowcrcd sa far as to gct rid of the
r ipple and réflections on th e su rface, every deta il can
be made out of the cconomy of the rcefs, and that of
their Inhabitants. The rccfs and Icdges arc of all
siees, and they are scparated from one another hy
channcls From a ya rd to a quarter of a mile in width,
floored with white coral sand, t he débri s of the coral
wom down by the action of the waves, mlxed with
dead shells. The rcefs projcet abruptly abovc the
level of the floors of thcse passages ta the hcigh t of
six ta ten feet. 'r ite surface of the recf is covcrcd
with massive, branching, and feathery thi ngs of very
many kinds, occupying it as closely and DoS irregularly



CH At'. I V.] k'iT. TH OM.A S TO B ERMUDAS. 303

as the varions weerls do a fallow-fieJd. F irst we have
the growing corals t hemselves, which may represent
t he dockens and the thist les, or rather a mass of
beau tiful mar igolds and carnations , and daisies and
gazanias, which hav e been thrown over the hedge in
clearing a luxuriant garden and have taken root and
gone on fiowering. )lost of the Bermudas corals,
such as Ocuiiua diffusa, Sympl/!Illia dlp sucea, As!1YEa
ru diane, &c., are like sen-anemones or groups of sen­
anemones in every shade of purple, orange, or green.
'l'he hase or stock of t he cora l is dead and forms part
of t he rcef ; bu t each of the living branches is tipped
with its sea-ancmo nc, und the sta rs of plates hy which
its cups are supported arc the earthy skeleto u of t he
mcscuteric plates which hang t he stomac h of the sea­
unomonc in its body cavity. I n most cases t he bodies
of these sca-uncmoncs , with t heir ranges of tentacles
and t hcir high colouring, are sa promincut that they
cntirely mask the coral; bu t in a fcw, as for ex­
ample in a brain-coral , Dip lorlo ccrcbrifonnie. which
sccms to t hrivo at Bermudas bet ter t ha u aimost
anywhcrc clsc, forming domes six or eight feet in
diameter, the anima l ma tter is in com purutively small
quantity, and covers the cora l with what ap pears
litt le more than a coat ing of grcyish or ycllow mu­
cus. 'l'ho Gorgoniœ, the B 17fOzoa, and t he H!ldroid
zoophytes are like t he ether more prominent weeds
in the field . as abunda nt and as irregularly distri­
hutcd, growiug in the spaccs hetwccn the clumps of
the differen t ki nds of coral. One form, llIillepora,
which hus been lot terly claesed with t he hydroids,
but whi ch would seem ta he more nearly related ta
the lost arder Anthoeoa 1'ugosa, represented by t wc
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spccies, M. uloieornie and JI. t "a 1n08a . is cxtremely
abundant nt Bermudas, whcre it nets in evcl'Y way
t he part of a coral, forming massive add iti ons ta th o
reef of carbonate of lime nbstracted l'rom t he sen.
Beneath t h èse large thi ugs t here is usuall y a close
felting of an undergrowth, consis t ing partIy of sponges
and smaller zoophytes, but chie fly of what are sorne­
t imes callcd Iithophytes, sea-wccds of such genera as
Comlüno, J[e/obesia, and N ultiporo, which likc cornls
t akc carbona te of lime from t he sen-wnter and iucor­
porate it with their t issues,

An tb cse t hings living and d~'i ng are consta nrly
yielding a fine powder of lime, which sinks clown an d
compacts in the spaecs nmo ug their roots, and c\'cry
breaker of th e ete rna l surf g rinds down more ma­
terial and packs it iu to avery hollow a nd crevicc
capable of receiving and retaining il. A great arder
of worms including t he g-e nus scrptda secrete car­
honate of lime and form t hick and large ca lca reous
tubes, or mnke gallcrics t hroug h th e part iully conso­
lidated culcureous roud and hurden it and hind H.
togethcr. So great a part do thcse worms l'b y in t he
construct ion of the rccfs nt Hcn nudas thut Genera l
Nelson, in an admiralrlc paper on t he Ucology of
t he I sland, publishcd hy hirn in the Transactions
of t he Geological Society in t he yenr 183·J., calls
sorne small circular reefs found everywhere round
the shores in the wash of t he breakers, and which
appear to be due to t hei r ngcncy ulone, • Scrpul inc
reefs.'

As 1 have already l.'IUiJ, t he Bermudas I slands, ill
common with most other cora l islands, a rc formed hy
the mlsing of t he weather edgc of th e rec f ahove the
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level of the sea. This appears ta he accomplished,
in the first pl ace, hy the agcncy of t he wnves alone.
Fragm ents, mHl1~' of t he m with the inherent pow~r

of increasirur themsclvcs and cementine themselves
" "tcrrethcr t lu-outrh t he erowth of t he Iivin e thinese ~:=> :::J 0

which invcst them , arc pil ed up on one another
uu til they rcach t he highest poin t accessible ta the
sca in storms.

'l'he moment the ri dge appears ubove wnter a beach
of coral-sand is formcd ugai nst it . The top of t he
hench dri cs nt Ion' wnter-, and t he saud is hlown on,
flrst amcng t he crcviccs of the hrcnkwntcr ulready
Icrmed, wh ich it widcu s and st reng t hens, and then
over the brenkwater to t he ledges an d ï-ccfs beyoud,
which it tends to l'aise to the surface. In this way in
nll cora l scas islands bave a tcudcucy to for m along
the windwurd cdges of ann ul ur rce fs. 'l'he wiud­
wu rd islan d thcn Ionus il sheltcr t o the Iceward
portion of the r illg', dcprlving i t of the maiu source
of its elevat ion, the piling up of fra gm ents hy t he
waves , so thut on t he lccwnrd side wc usunlly have
more 01' Icss of t he rce f remuining submcrged, und
any passag es of connnuuicntion hetwecn the centra l
luuoon and t he ou tcr sen.

1 hnvc littic t o ndd t o t he excellent nccouu t of the
gcology of Bermudas givcn hy General Nelson. Th e
Hcrmudus of th e present day is simply a bank of
hlown sand in varions stages 01' consolidation. 'I'hc
dcpth of watcr incrcnscs ro und the island wlth ex­
trente rup idity. Severi mil es ta the north there is a
souuding of l ,a7 ;) fathoms, and abou t two mil es
further oll' on e of 1,775 fathoms. rra the north-east
thcrc is wutcr of 1,500 Iathoms at a distance of ten

x
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miles, to the north-west of 2,100 fath oms at a dis­
tan ce of sevcn miles, und to the south ward of 2,250
fathoms at ten miles. Th e only direction in which
there would seem ta he a series of banks is along an
extension of the axi s of the recf to the south-west .
' Ve anchored for a nigh t in 30 fathoms wat cr on thi s
lin e about twcnty miles from th e edgc of the l'cel',
an d a shoal is ment ioncd at no still grcater distance
in the same direction. About three huudred miles
farther 0 0 . bowcver, a souu ding is given of 2,950
futbcms, and there secms lit tle prcbalrility th at there
is any connection bet wecn th e Berm udas reef and the
Bahamas. W hat the basis ou which the Bermudas
reef rcsts may he wc have no m éans of telling, in
faet its having the form of an atoll precludcs the
possibility of our ùoing sc. 'I'hcrc sccms to he Iittle
doubt from Darwin's bcaufiful generalisat ion, which
hus been fully endorscd lJY Dana and ether competent
observers, tbut the atoll Iorm is due to the ent ire
dlsappearance by subsldcnce, of the island round
which th e rcef was origi nnlly Iormcd. 'l'he abrupt­
ness and isolat ion of this peak , which l'uns up fi.

solitary cone to a he ight about cqual to that of Mont
DIane, is cert ainly u nusual ; probahly th e most
reasonublc hypothesis may he thnt the kcrncl is a
volcanic mountain comparab le in eha racter with Pico
in the Azores or the Peak of Tcneriffe.

There is only one kind of rock in Bermudas. 'l'he
islands consist from end to end of a white gmnular
Ilmestone, here and thore becoming grcy or slightly
pink, uaually soft an d in sorne places quito friable, so
that it cau he broken down with the fcrr ule of an
umbrella; but in sorne places, as on the shore at
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Hungry Bay, at P ainter's Yale, and along the ridge
between H arrington Sound and Castle Harbour very
hard and compact, almost crystall ine, and capable of
taking a fair polish. T his bard limestone is called
on t he island s t he ' base rock,' and is supposed ta
be clder than the softer vari et ies and ta lie under
t hem, which is ccrtainly not always th e case. It
makes an excellen t building stone, and is quarried in
varions places by the Engineers for mili tary works.
The softe r Ilmestones are more Irequently used for
ord inary buildings. The stone is eut out of t he
quarry in rectangular blocks by mcans of a peculiarly
construeted saw, and t he blacks, at fh-st soft , hard en
rapidly, like sorne of the white Iimestones of the
Paris basin, on being es posed ta the air.

As I have already indica ted, tbis limestone is en­
tirely what Gene ral Nelson aptly calIs an ' ...Eolian
formation.' 'l'h e fine coral-sand, which sur-rounds
the island s ta a distance of about t wcuty miles, is
wasbed in h~' th e SC<\, i it is then caught at certain
cxposcd points by the prevail ing wiud s and blown
iota sand -bills oftcn forty Dl' fifty feet in height . 'l'he
sand is sproad over the surface in a certain sense
uni forml y, but that uniform ity is liable ta be in­
tcrfered wit h by uuything which for a moment affects
t he direction or force of the wind : for instance, th e
sand is blown u p and heapcd round any obstacle, or
it may be swept out by irregulnr gus ts iuto hollows
which arc afterwnrds filled up by il. secondary series
of lnyers ; or a total change may be made on t he
whole arrangement of t he surface by a sub-tropical
l'ain-flood. AU the appearances produced with great
rapidity by such causes are of course per petuated in

x 2
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the rock which is formed by the consolidatio n of the
sand, sa t hat wc have often repeated aguin and again
in t he di stance of a quar ter of a mile a1l the pheno­
menn.c-denu datlon, unconformnbility , curv tng, fcld­
ing. syncl ina l a nd nntic linul axes , &c., which are
prouuced in real rocks, if 1 ma~' use t he express ion,
by corubined aqucous and mctamorph ic action,
extending over incalculable pcriods of t ime. 'l' he
princ ipal 1'03d5, wh ich arc ext rcmely good as they are
laid out an d ruaintniued purt ly wit h a view to
mi lit ary operations, Irequcut ly pnss t hrough deep
cuttings and give excellent geological sections, ex­
hibiti ng an am ount of confusion sufficient to perplex
t he roost ex perlenced geologlst , if he did DOt hold
t he key. The genera l tendency of the layers of sand
to wrap themselves round opposing ohjects, using t he
vort ices into wh ich t he sand itsclf is throwu by
swirls of t he wind, as nuclci, if thcy cncouuter
nothing mOI'C promincut (H' rc sisti nz , su lliciently ne­
ccunts for t he prévalence of suddlo-bnck sections,

One phenomenon of thesc lirucstoncs espccial ly
gives a fulse ideu of thcir age and perm anence.
Every h ère a nd thcrc in ail P:II·ts of the islands wc
have long stretchcs fil' l i llll!~lll lJe rock dipping in
different directions, but ' ·(' l'Y «Iu-n towurds sorne
nortbem point. nt a consta nt a ll~h: hetwccn 21:f und
:12", Snell beds arc oftcn ovcrluid unconfo rmubly by
nearly hori zontal luyc rx, unrl t hey er-rtuiuly givc the
ideu of huvin!; li SSU UH:1 1 t! WÎ I· pre-eut posit ion hy
upheaval. 'rh i ~ is H o t so, 110 \\'1" ·1'1'. Th e sund-hi lls
tertnlnute landwnrds in a lI j OI 'I : lJJ' II ~s .., rcg ulur glacis ,
und aH t he sund ndvunccs, luyer uffer Inyer is ndded
uuiformly t u the face of t he g-lnl'il'lJ producing n very
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reguler stratification at the angle of rest of dry sand
of this particula r kin d, an angle of about 30°, entirely

corresponding with that of the Iiruestoue. Althoug h
I examine d the greater par t of the islands vcq care-



fully, I never met with an instance of a dip in the
limestone at an angle higher than 32°, usually it is
several degrees lower.

There is a wonderful 'sand-glacier' at Elbow Bay
on the southern shore of the main island. 'l'he sand
has entirely filled up a valley, and is steadily pro­
gressing inland in a mass about five-and-twenty feet

~ ?... -: .~,....:
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"'JO. 74.-' :;anù'gluci~r' ove rw helrulng a gurden, EILKJW Uay, Iten uudue. (From Il Ph otograp h.

thick. 'I'he day we examined it under the guidance
of the lIon. Ml'. Gosling th ere was a light breez e
blowing from the southward, and a light haze or
dimness lay just over the surface of the sand, and on
holding' up a sheet of paper perpcndicular to the
surface and transverse to the direction of the wind,
the travelling sand r apidly fell from the windward
su rface of the paper and banked up before it. 'l'he
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glacis is very reguler . It bas partially overwhelmed
a garden, and is moving slowly on (F ig, 74). When
our ph otograph was bcin g taken the owner of the
garden wus standing with his hand a in his pocket s,
38 is too much the habit of lais race, contemplating
the approach of t he inexorable intruder. H e had
made sorne attcmpt to stay its progress by planting a
line of oleundcrs and small ccdars along the top of
the slopo. A neighbour, a li ttle more cnergetic or
more serlously mcnaccd, managed ta t U1'D the flank
of the sand by this m éans just as it was on t he point
of engulfi ng his house j but anothcr wns either tao
late in adopt ing precuutionary mensures, or perhaps
submitted belpl essly to his fute, for all that now
remains of his cottage is the top of one of t he
chi mneys projecti ng above the white san d like a
tomb stone, with a great bush of olenndcr drooping
over it (Fig. 75). On its path upwards from th e
beach, this 1 glacier 1 has overwh elmed a wood of
cedars (Fig. 7(;). Ei rewood is valuable in Bermudas,
and it is probable that in t his case the trccs were eut
down wbcn their Iatc secmed inevitable. This is
nlwnys an unw ise stop, for somet iuics an apparently
very slight obstacle will atay t he mcvement of t he
sand in a pnrtieular direction. 'I'he only way of
stopping it arti ficially seems ta be ta cover it with
vegetat ion, If plantcd in large numbers, and tended
and watered for fi time, it secms t ha t olcanders and
the native junipcr will grow in t he purc sand, and
if they once t nkc root the moti on of th e sand censes.
Sorne native plants, which form a pcculiur vegetation,
send ing out enormously long runners or roots- such
as Ipomœa pes·caprœ and Coccoloba llvifera, and the
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crab-gras S, A[jl'ost iR vil'[jiuica, which i sa id ta have
been introdu ced, but which is no w among' the most
va luable past ure-gra se on the i land - then tu ke
hold of it, and it hccome permanently fixed . 'l'he
outer aspect. of' the and-hill of cour e lapes down­
wards toward t he eu, and whenever its p ,'og"c s
lan clward-its gl'owth-has been arrested, t he te n­
dency of t he incoherent mas is to travel back ag ain

F IG. ' 5.-Chirnne)· of a Cottage which Il,,,, been buri ed hl' a snnd-glnc ier, Elbow Bny,
(From a Photograph .)

by gravitation, and th e action of rain ; acco rding ly
it is not un usual ta he to ld that onc or th ese coulées

is gradually disappearing.
'l'h e process hy wliich the t'l'CC co ra l-sund is con­

verted in to limestone is sufliciently simp le, and in­
volves no g'rcat lap se of ti rne. 'l' he sand cons ist s
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almost ent irely of carbonate of lime in a state of fine
ultimatc jsubrlivision, owing to its havin g entered into
t he st ructure of the skeletons of animals ; it is there­
fore easily soluble in water cont aining carbonic acid.
W hen m in, which always contains a consid erable
quantity of carbonic acid derived from the atmosph ère,
falls up on the surface of the sand, it t akes up a little

FHI i ti._ _l Jl~o)j n ll • Limeston e Beds in proress of formation, showing st ra t itlca tlon, and the
remains of n greve of C Cd RI"R whieh bns bcen overwhe lmed, Elbow Bny, Bermudas. .

(F1'0 11l ft Ph otograp lr.)

lime in the forrn of bi-carbonate, and then, as it sinks
i n, it loses the carbonic acid and itself evaporatcs, an cl
it leaves the previously dissolved carbonate of lime
as a thin layer of cement , cout ing and uniting t gether
the gntins of sand. A crust is thus formed, and such
successive C1'U 8ts Iorm lines of demarcation between
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successive layers of sand, and glve the character of
stratification and laminati on wlrich th èse wind-rocks
always possess. Usually harder and softer layera
alternate , indicat ing the greatcr or lesa degree in
which the previou s layer had beon cemented and
hardened before recciving the ncxt addition of dry
sand. The rocks re main permeable to water and
soluble, sa that this pl'OCCSS of solution and t he deposi­
ti an of cement in the intersti ces of the stone goes ou
constantly. 'l'he cxt remc rcsult is a compact marble­
Iike Iimestone, in which th e grains of sand are
combined in a cont inuons magma with sta lagmite or
t ra vertine.

Th is dissolving and hardening process takes place
ir regularly, the water apparently following certain
courses in its percolat ions. wuich it keeps open ami
the walls of which it hardcns : and in consequence of
th is the rock weathers most uncqually, leaving ex­
traordinary ruggcd fissures and pinnuclcs, and piling
up bould ers, t he cores of masses which have beon
eaten away, more Iike slugs 0 1' cinders thun blocks of
limestone. The ridge betwecn Harrington Sound and
Castle H arbour is a good exa mple of this. It Is like
a rockery of the most ir regular and fanta stic style,
and there seems to he somcthiag specia Ily product ive
in the soil, for every crack and crevice is fillcd with
the most luxur iant vegetation, massing over th e
stones and straining up as t ier upon tie r of climhers,
clinging to the trees and rocks. F requently t he pcr­
colation of hardening matter from sorne couse 0 1'

other only affects certa in pui-ts of a maas of rock,
leaving spacea occupied by free sand, 'I 'here sœms
to be little doubt that it is by the clearing out of the
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sand from such spaces, either by the action of running
fresh water or by tha t of the sea, that those remark­
able caves are formcd which add so much to the
interest of Bermudas.

whcrever, throughout the islands, a section of the
limcstone ia exposed of any depth, i t is intersected
by one or two horizontal beds of an ochre-Iike sub­
stance, called locally ' red earth ; , and the same sub­
stance is met with in greater purity in cracks and
pockets an through the limestone. This ' red eartb,'
mixed with varying proportions of decayed vegetable
matter and cora l-sand, femis the surface layer of
vegetable soil. As Sm ith says, when this red earth
is pure the soil is inferior ; when it is black-that is
to say, when i t contuins much decomposed vegetable
mattcr-it is bct ter , and the best soil of all is pro­
bably that which cons ists of red earth, humus , and
coral-sand .

The origin of t his 'l'cd car-th" is a matter of grea t
iutercst, as it secms to nffcrd a singular illustration
and confirmation of our view as t a t he organic origin
of the ' red clay ' of the Atlantic sea-bed. 'l'h ère is
ample evidence all OV8r th e islands t ha t there has
been an enormous amount of denudation,-that while
in sorne places coral-sand hus beeu encroaching and
new rocks have been thus formed, in ether places
masses of rock of' great thickness have been removed
by the disintegrating effeet of rain-water.

Durin g the disintegration of the stone, the softer
parts are flrst romoved, leavin g a kind of skeleton,
consisting of t he harder parts, and as rough as a
maas of scoriœ. 'l'he rid ge between Harrington Sound
and Cast lc Harb our, which rises to the height of
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about 150 fect , is, as we have already said , entirely
eomposed of li rucstonc in t hat condition; pass ing
where it is not cro dcd, iuto a very compact hard
stone, worked in ft. lar ge quarry at I'aintcr's Vale for
buildin g pm'poses. 'l'h e height of thcsc ridges and
creste, taken in con ncction with their structure and
distribution , gives a ,-cry good idca of the amount
of denudation which hus taken pla ce,-at nll events
during this last episode in the gcolog ical hist ory of
the islands,

l am iudcbt ed t o h18 E xccllency General Lefroy
for the report on the analyses of soils fro m Bermudas
given in Appendix ."- ta th is chnpter, and l believe it
hclrls the clue ta t he mo de of for mat ion of the < l'cd
earth .' 'l'he co1'31 saud, l ikc the mass of skclctons of
su rface animals nccumulatcd at t he hottom of th e
ocean, does not consi st of carhonnte of lime alone. It
eontains about one pel' cen t . of et her inorg nnic sub­
stances, chiefiy pcrcxidc of' iron and alumina, silica,
and sorne earthy ph osph ates. Xcw thcse su bstances
are t o a very sma ll degree soluble in wa tc r churged
with carboni c acid ; conscqucntly, af'tcr t he graduai
removal of t he lime, a certain sediment, a certain ash
as it werc, ts Ieft hch iud. One pel' cen t. sccrus a n~l'Y

small proportion, hut we mu st remcmber thu t it l'cpl'e­
sente on e to n in evcry lum drcd t ons of matetial re­
moved by the acti on of water and of' the atmosphère ,
and the evidences of denudation on a large scale arc
everywhere so markcd, that even were sorne portion
of this one per cen t. rcsiduc further ultered and
washed away, enough mi ght sfill be left ta account
fully for the whole of the ' red earth.' The vegetnbl e
soils containing a large proportion of red earth, are
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accumulate d, usually t a no very great depth, in
hollows, t he fine ultimate sediment naturally fln d­
ing its way down to th e lowest point. Eig . 74 gives
an excellent illustration of t he format ion of olle of
the intercalntcd beds. The sail of t he garden, wh ich
consista of l'cd cm-th mixcd with decayed vegetable
matter, rests upon Hmcstone. 'l'Ire sand glacier creeps
ovcr it , and it is cove red by a series of bcds, t wenty
ta th irty fcet t hick, dip ping at an angle of 30°. The
water percola ting through t he sandstone gradually
removes the orgunic muttcr, and the inoeganle residuc
is left .

Wuudcring about among t he pretty hi ll-and-dale
scenery of Bermudas one is not at first conscious of a
singular omission , unt ii al l at once it bursts upon him
that thore is not a drop of watcr ta be seen anywhere
- no river, stream, or lake, not even a di tch or a duck­
pond. 'l'he heavy ra in fulls upou the pOl'OUS sand­
hcap, and rUIlS through it as if it wcrc a sieve. .A rtel'
a hcavy showcr, it may romain for a lit tle collected
in pools along t he bcutcu roud, or it may rush down
a stcep incline, but an hour artel' the rain is over
CH'l'j' trace of it hus disnppeured. F rom the wholc
or the islands about Iow-wntcr- mark he ing composed
or the saille porous rock, the scn-wute r passes t hrough
it horizontally as frcely as the rai n-water passes
through it vcrf ically, so thnt up ta high -water mark,
and probnbly considcrubly nbove it on account of
cupillurity, t he rock is completely saturatcd. 'I'here
arc SOule marshcs and pond s on t he main island , t he
tnurshcs covcred with a luxuriant vegetation , but in
nll of them the wuter is brackish, un d t hey are a11
11I0l'(~ or lcss uflected h.y the ti dc, t hough t he rise end
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Cali is elmost impercept ible in those at a. distance
from the sea.

If a well be sunk in alruost any part of the island,
it is filled with watcr at once, but it is only the upp er
layer whieh is fresli. 'l'he water ut the bot tom of the
well is brackish, and is affccted by the tide, and the
fresh-water, whi ch is mercIy the raiu-catch of the
surrounding ground, lies on its surface. As there
is always a certain amount of mixture, the wells do
not yicld good drinking-water, and the people trust
greatly to their rain-water tanks.

The direct evidences of subsidence are everywhere
very palpable. The rocks exposed betwcen tid e­
marks, and DOW being subjccted to denudation, arc
not reef-rocks for mcd un der wate r, but are, in niost
cases, stratiûed JEolian rocks.

The little pinnacle off the shore of I reland Island,
flgured in the vignette at the end of this ehapter,
has its base composcd of t he ordinary blown sand of
the sand-hllls ; the middle part is a shred of an old
glacis; and the top is aguin horizontally stratified
sand which has hcen laid clown unconformahly on
the cut edges of its Iaminœ, arte l' it had bcen grcat ly
, denuded ' by rain and wind. 'I'he North Rock hus
almas t exactly the same structu re, so that wc can
scarcely doubt th nt t he dry land of Bermudas at one
time occupied a space considcrably larger than i t does
at present. 'Tradition and th e accounts of sorne of
the earlier voyagers would secm to corroborate tbis ;
but soft t hough the rocks may be, and rapid the
changes which take place in thern in n geologicnl
sense, it 800ms difficult to believe that after t hey wcre
eoneolldated, any great change could have taken place
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in t heir distribution
in t he shor t period
during which t hey
have been the sub­
j ect of tradi ti on. A
very careful sur vey
was made in t he year
1843, an d up to the
period of our visit
there did not seem to
have been the least
alterat ion, even in the
depth and extent of
the passages among
the living reefs; a
matter of j ealous in­
terest where there are
only a few inches to
come and go upon, in
the question of the
entranee of a vessel
of a certain clraught.

Perhaps even a
more satisfactory
proof of subsidence
was given a few years
aga. In preparing a
bed for the great
floating dock it was
necessary to make an
excavation in the
Camber extending to
a dept h of fifty fcet
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below low water. F irst they came in the cutting.
nt a depth of twcnty-flvc Iec t below the surface,
t o a bed of cnlcnreous mud, th e Iect thick ,
forming the fioor of t he basin ; next to loosc lieds,
t wenty feet thick, of what hus beeu cullod - cora l
crust 'c- ccral-sand mixcd wit h detuchcd masses 01'
D lp loria and isolated exnmplcs of smallcr l'Dra is :)0(1
of many shells, [Incl pnssing iuto 1 frccstone,' t he
cora l-sand cemcn tcd togetbcr but somewha t looscly
coherent. Bcneath t his, at a rlcpth of abou t forty-fivc
feet, there is a bed of n kind of peat , and vcgctable
sotl containing st ump s of ccdar in a vert ical posit ion,
and the remuants of ot her land vegetation, with th e
re mains of H elix bernuuliensis, an d of several hirds ;
the bed of peat wns ascertained by lmring to lie upon
th e ordinary hard "base-rock.' (Fig. 77.)

F ossils, or semi-Iossils, are very common t hrough­
out the islands, and they arc gcncrally snell as we
find ussocicted wit h snud-Irills. One or two spccics of
Helix , showing many vuric tics, ure hy l'al' the mast
abundant ; th e shclls eU H he picked out of t he soft
rock in sorne places in th ousauds, as at Mount Langto n
and along the roud-sldc in Somcrsct Island.

It Is difficult t a imagine, whcrc thore hus bcc n sc
much change of lcvcl, t hnt elevat ions, at ail event a of
a local eharacter , sho uld not have occurred from t ime
ta t irne ; and vet wc could not sat lsfv oursclvcs th at. .
we had detected an~r nbsolute proof of this. The only
case in which we fclt an npproach ta confidence was
a rock about t ell fcct nbove high-wutcr mark on Bona
Island , which secmcd to contai» scrpulu borings in
posi tion. In various places, hOWU C1', fi pccul iar kind
of calcareous t ubing whieh form s round roots of
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bushes and gl'ass presents itself under sueh various
aspects, that we may have mist aken this for aerpulœ.
In many spots the rock far abovc high water cen taine
mar ine shclls, but t hcse sccm t o he ull sueh as might
have becn hlown along with t he sand into their
clevatcd posit ion , Dl' haye boen car ried t he re by et her
menus. Tnrùo p ica, fol' cxam ple, one of the com­
mones t , is too hem-v to he carri ed h\' the wind, but it. .
is constant ly transported fa r inlnnd and t o any heigh t
hy the' soldier crab. '

I n the collecti on of 3f l' . Bertram, a very en thusi­
astic am at eur nuturulist liv ing near St, George's, 1
found a small wom and rcnnded fossil, which seemed
ta be t he cu p of a cr inoid al lied to Ilolop us. Mr.
Hm-tram k indly gave me the specimen, and wc looked
most carcfully in aIl subseque nt dred gings near
Berm udas for somc furthcr indicat ion of the presence
of the spccies , but in vain.

On th e 21st of Apr il wc left Bermudas and crossed
the Gulf St rea m to .llnl ifux, Novu Scotia. 'l'he ob­
servut icns m acle d!ll'ing that tri p will he rccorded
in the nex t chnptcr. 'I'ownrds t he end of ~Iay we
rctu rncd sout hward s, and 011 t hc 31st wc had the
plcusure of findiug oursclvcs once more lashed along­
sidc t he dockytu-d at Bermudas.

'l'he woat hcr wns now m uch wnrmer, t he tbermo­
mctc r in the slmdc rnnging from 21"'0 to 25" C., and
with t he ad vnncing scason the nppenranec of the
Island s had changcd considerably. Even from a
distance mallY addi tionul shades of g reen might Le
sccn hr ig-htcni llg und softeniug t he sombre uniformity
of' the ccdar woods, and, conspiouous aboye all others,
hn llinnt masses of t he splcndid foli ago of t he ' Pride

y
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of I ndia ' (M elia a:r(/CfJ'((ch). whiclr, dur-ing our formel'
visit, showed its del icat e tl'USSCS of Iilac Howcrs only.
1 hure nlready rcferrerl to the lise of t he couunon
oleander (N e'J'i l/1Il o/(,((IU/er ) fur nrrcst ing t he pl'ügrcss
of mov ing sand. The plant wus iu t rodueed into
Bermudas in modern t imes, and appcal'S to have bCCH
eneouraged partly on account of its val ue for that PUI'­
pose, aud parf ly doubtless fol' its showy flowers. 'f ile
clim at e and soil seem to su it it wonder fully, und it
h35 regularly takeu possession of the islands. J .al'gc
bushes, twen ty fcct high, arc crcrywbe rc-c-rouud the
cottages. along th e rond-sides and in t he woods ; and
th ick hcdgcs of great hcig ht , plnnt ed partly as bouu d­
ing feriees and pnrtly fol' shelter, int erscct th e <.'111­
t ivated ground in en'}")' direct ion. Xothing can he
imagined more omruucntul. Thcre 31'e ull varieti cs
of colour, from white tl rrough pale rose and
Iilac 10 ncnrly crhuson : t he lI l JWCrS tend to come
double or semi-dou hlc, an d thvy h1 001l1 most pru­
fusely. 'l' he country round Jlumi lton, and Somcrset
Island, werc il pcrfcct hluzo of colour in .1une, and as
the fl owers come in succcssiou nnrl stand il long rime,
th ey would remain sn durin g the !;'l'cater part of th e
season. 'l'h e olea ruler is not BU\\ - so popu lar 3S it wus,
and alth ough it is stil l pluu tcd in 1:1I'gc numhcrs in
shi ffing sand , it is su spccted thnt high thickcts and
hedges of it Deal' dwcl tings arc not hcalthy, and
latt erly th ey have heen clcnrcd away in man)' places.

J Uli e DtI,.-A par-ty sturted carl)' in t he morniug
in t he gullcy and the stcum pinnuee for th e "'al s i r l ~­

ham Cuves, ' Ve cnllcd at :;\1011111 La ngton for t he
Governor, who had nrrnnged to join IlS, and t hcn
went on to • 'l'he P lat s.' t he cntrunce to H ar ringtvn
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Sound. The strait, which is t he only communication
bctwccn th is bcautiful Iand-Iocked sheet of wate r and
the sen, is VCl') ' narrow, and spanned by a low bridge.
'l'he rising t idc rushes in through it with great force,
and when wc ru-rivcd the ehhing t ide was rushing out
with the velocity of a mi ll-race. "~e sent on t he
steam pinnace with the ph otograph er and sorne of
our party by wa", of Cnstlc Harbour to " -alsingham,
to try ta photogmph the intcrior of one of th e caves
with th e magnesiu m Iight : and wc wnrped th e galle)'
agalust t he rapids. and site was soon in the still , clear
watc r of the Sound. llarrington Sound is a most
peculiar basin, and ccrt ainly it is extremely beautiful.
It is nearly rcctnngular, a mile wide by about t wo
miles long in the direct ion of t he axis of t he island ,
'1'0 the south a law narrow band sepnrates it from t he
sen, and on t he ether t brcc sidcs the land rises in
irrcuulur i'ichlv woodcd rid ees formi nc ncarlv t he

;:1 '. ;" ;:1 .

highcst g rouud in Bermu das. 'l'h e shcct of water is
thus completcly land-Iocked, and as it is of consider­
allie dcpt h, if thore ' H'tOC an~' good nccess to it, it
wOHM mukc one of the finest hm-bours couceivable.
I t wns nt one t imc proposed to cut n canal, opening
a conuu uni cntion 10 t he southward , an d 10 mak e it
the Guvcrn mcn t harbo nr ; hut th e project wns aban­
douod in fureur of thc present arrangement at
I n-land Island.

,rl' lmd tnkcn along wit h us one of the native
ftshcnucu who wus in t he hnhit of colleeting corals
:\J1d kn cw th e local itics of th e differen t spccies, an d
uudcr his gu ida nce wc cxplored 50111e low caves under
the clills along th e northern shore. The roofs of the
caves wcrc covcrcd wit h green algsc, and helow the

y 2
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scorccly perceptible line where th e ail' met the still,
cleor wat er, there wus ft complete incrustation of the
delicate cora l J.ll!lcedilflll fm!Jih', standing out in un­
dulntiu g purple eresccnts Iikc soma luxuriant lichen,
Sorne of the snilc rs sti-ipped und <li vet! lor lt, and
soon there wns fi pile of heaut iful specimens in the
boat. A colony of tropic hi rds (P luŒtoll œtherells)
were building in the clitls uhovc, and as they sa iled
over us, th eir two long, white tail -Icuth ers gleaming
in the sun, t heir white breast s retlcctcd t he COl OUl' of
t he water, and they lookcd as if t he>' hnd hecn moulded
in pale green g lass. " ' e 1'0\\"(,11 slowly round, in full
enjoyment, to the cerner of the Sound neurest 'ral­
singha m, and a few minutes' wnlk hro ught us ta the
ca\'es.

.As in nll Iimestone district s, the ca ves a t Ber mudas
cons ist of large vaulted chambers hollowcd ont in t he
rock by t he re movnl of its matl'rial h)' ruu uing Iresh
wat er or by the action of the sen. 'l'Ile proccss is
probah ly more rupid in a coral island t hnu it is where
the rock belongs to olle of the ohlcr format ions.
Dana observed slmi hn- cuvcrus in ) Ictill or Aurora
Island , one of t he western 1"IlI 111otuS. in which the
gcologicel st ructu re ma,\' grcntly rcscmlûc that of
Bermudas, und he quet es l'l' VIII th e Itcv. :?oh . t v lll lnms
an account of a cavcrn in the cora l rock of Atiu ,
one of t he IIer vey ~I'OUp, in which he ,; wnudcred two
hours without find ing a tc rmi nut ion to its windings,
passing through chambers with Frctwurk ecilings of
stalagmite, and sta lact ite Cil 1Il III li S wh ioh spnrk lcd
brilliantly with the reflcctcd torch-Hght ." l 'l'he

1 ' Uni !ed States Exploring Expedition,' vu). :J. , t:HJI,'9Y, L)' ,J~ lIiti

Il, lJaull., A.M., UwlOJ{il<~ ta th" ExpcùîtiOlI, I ~ 1;7.



CHAI'. rv.] S 'J'. 'J'lLOMA S 'J'O BERMUDAS. 32:3

ent rances are usually malt orevices in the rock, often

almost muskcd b)' vcectation. One, whi ch wc pa ssed
on our wny, cal lcd th e Convol vu lus Cave, is covercrl
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with a glorlo us mantle of Ipom.œa nit , it s ephemeral
Ilowcrs clmngiug dm"ill~ th e da~- From a brillinnt azure
to rich pu rpl e. (l~ig', 78.)

A curions circ umstnncc hnd gtvcn me a particulnr
intcrcst in one of t he "·31si n~h3m caves. III th e )'e3r
181D the 13t~ Sir David ) [ilne, at t hal time com­
manding in chief on t he X01't1l Americnn and w est
Indian stat ion, had a Yel'~- fille stalagmite upwnrds of
eleven feet in lengt h, evcragiug two feet in diameter,
and wcigh ing three-nnd-n-hulf tons, rcmoved from
t he cnve and placcd in the )[useum of t he U niversity
of Ed inburgh, where the course of circumstances hus
uow placed it in my custody. The stalagmite W DoS

sawn ovcr uear the floor 01" th e cave, and in th e
year 1863 Sir Alexander )Iilne, t hen commanding
in chief on the S31 n e station, visitcd the cave and
examined carefully the st ump of the column which
hnd been removed forty-four ~-cal's bcrcrc h~" his
Iather. It hnd made sorne nttctnpt at reparat ion, and
in the year 180 ... ) [ 1', Dad d :\1iluc H ome g3ye t he
resu lts of his brot hov's observat ions in fi notice to the
Royal Society of Edinbu rgh . ][1' observed the drops
of water falling on the st ump, t wo at the rate of thrcc
or four drops in t he minute, the othe rs much lcss Ire­
quently. At the spot where t he t wo drops W 01"C

falli ng tw c small knobs of calcarcous matter hud Ileon
formed. On t he part of the stump whcre t he t hn..'O
drops were Iall ing, the deposit cons istcd of only a
t hin cr ust. 'I'h e total esfimntcd Imlk of the stalagmite
wh ich had accumula tcd dU I' i n ~ fc rty -Iou r YClll'S wns
about five cub ic inches. 11-11', Milne H ome culculuted
t hat at that rate it would have taken GOO,OOO years to
Iorm the original stalagmite ; hut he poin ts out very
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t ruly, t hat it is highly improbab le that the supply
lins becn uniform, and thu t in ull llkelihood it wns
ycry much grcnte r at an carl ier pcriod, and lias been
steadily decrc asiug owiug to the cousolidut ion of the
rock forming the roof of the ccvcm.

-"'hen we examined th e stump, whioh wns ahout
tou ~real's Inter, t he two drops 'l'cre still fall ing,
hut appa rcnt ly somewhat more slowly, one not quite
thrco ti mes in ft minute, t he other t wice ; th is must
depend, howevcr, in some mensure upon the previous
wcather. 'l'he thrcc dr ops were sti ll fall lng, and
ndding silcntly t a tbci r cru st. ' rc could not deter­
m ille t ha t t he bulk of t he Il CW accumulat ion was per­
ceptihly greatcr t han whcn it W3 S mcasu rcd by Sir
Alexander 3Iilne. ,\~c 'l'cre Ycr~T auxious to cany
away wit h us a perm anen t reco rd of t he present cou­
dition of the st ump or the stalagmite, and we twice
tricd to ph otogrnph it with t he magn esium light. On
the flrs t occasion the pict urc came out raid)', but
most unfortunn tc ly in t he dnrk ness and the difficult.y
of conducting such opernt ions it wns spoiled. 'YlH'1l
wc t ried it nuain th crc wns somethine Wl'OIlO' with:'"l .,:> 0

t he bat h, and il- wns a complete fail u re.
lt t hen occurrcd 10 us t ha t it might he possible ta

takc nnot hcr slicc l'rom t he coluum, showi ng t he
nmount 01' rcpurn t iou du rin g hnlf a ccut ury, as an
Ill'ccssory and complement to t he Ediuhurgh specimen,
Our tinte wns 10 0 short 10 ullow us to do t his OUI'­

selves, but Cnptuin Aplin most kinclly uudcrtook to
mukc the nttcmpt aftor our dcparturc, und l have j ust
hcard thnt he succeedcd in his difficu lt task. 'l'he
roof of t he cave at the point whence t he stalag mite
W:lS rcmoved is nt a heigh t of ubout flfteen reet, and
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facing the st ump th cre are two majestic eolumns
uniti ng t he roof and t he 11001', one of t hem up wards
of sixty fect in circumfcrence. Th ey arc bcnutifully
fluted and fretted with stalac tite, and shon e out with
a pu re whi te-frosted surface in the magnesium light .

Sending the galley on bcfore us wc walked along
t he isthmus wh ich fm-ms the western bou ndary of
H arrington Sound to P ninter's Yale. wherc t hcre
was a smaU detaclunent of En giueers liv ing under
camons, an d another- cave,

l t hiuk the Painter' s Yale car o is the prct t iest of
the whole. The opening is not rery large, It is an
arch over a grea t mass of d ébris foi-ming ft stee p slope
intc t he cave, as if par t of th e roof of t he vault hnd
sudde nly fallen in. At t he foot of t he hank of débris
one can barely sec in the dim Hght the deep clear
wuter lying perfectly st ill mul reftect ing the roof
and marg in Iike a mirrur. 1re clnmbercrl down the
slope, and as the e~'c became moro accustomed to the
obscurity the lake strc tched furthe r hack. Thore was
a crazy lit tl e punt moorcd tu the shore, an d nfter
lighting canrllcs Captaln Naros rowcd t he Govemor
back iutc the darkncss, the candlcs throwing a ditn
Iight for a ti me-whilc th e voiccs hcc ame more hollow
and distant-upon t he su rface of the water und the
vault of stalactite, and flnnlly passing bnek as mere
specks in to the silence,

Arter landing th e Govcmor on tho opposite sidc
Captain Kares ret nmcd for me, and wc rowed round
the woird Iittle lak e. It wus ccrtuinlv l'l'l 'V curious
und beautiful ; evidently a huge cavity out ·of which
the celcareoue sand had been washcd or dissolved,
and whose walla, st ill to li. certa in extc nt permeable,
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had been bardcned and petrified by the constant per­
colation of wuter clmrged with carbonate oflime. From
thc roof innumernhle sta lact ites , perfectly white, orten
severn! yards long and comiug down ta th e delicacy
of knitti ng-needlcs, hung in clusters ; an d wherever
thore wus any coutiuuous crack in the roof or wall , a
gmceful, soft-lookiug certain of white stalacti te fell ,
and often eudcd, much ta ou r surprise, dcep in the
wutcr. Stalajnnit es nlso l'OSC "P in piunacles and
feiuges through the wnter, which wus 50 exquisitely
st ill and clenr t lmt it was something diffi cult t a tell
where th e solkl ma rhle trace r~· ended and it s reflected
image began. In t hi ... cave, which is a considerable
distuuce from th e sea, there is a slight change of level
with th e tidc sufflcient ta kccp the wnter perfcctly
Jllll"e. 'J'he mou th of' t he caro is onrgrown wit h
foling.·, und cn'l't t rec is dmped and fest ooned wit h
the frng rnnt Ji.' smÎn ll lll uracile, mingled not unfre­
qucnt ly with the ' poison ivy,' 1111118 toricodendron.
'l'he Bcrmudiuus, cspccinlly th e dark people, have fi

most exnggcratcd horro r of t his bush. 'I'hey imagine
t hat if one touch it or rub ngaiust it he becomes
feverish, ami is covered with an eruption. 'I 'his is no
douht cntircly mythicnl. 'l'he pla nt Is n'rJ poisonous.
but th e pcrfuuic of the Ilowcr is rather agreeablc, and.
wc constanfly pluckcd and smelt it without its pro·
ducing ~1Il ~' unplcnsau t effect. The tille was wit h us
whcn wc rogained the Plots Bri dge, and the galley
shot down t he rupid likc an urrow, th e beds of scarlet
"'ponges and th e great luzy t répan gs showing perfectly
cleurly on th e bottom at a Iuthom depth.

Evcry here and there throughout t he islands there
ure groups of bodies of very peculiar form projecting
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l'rom the surface of the lime ton e where it has bcen
weathered. 'l'h ese have u ually been rcgard cd as
fossil palmet te st umps, the root s of tree which hav e
been overwhelrned with sand and wliose orgn nic
matter has been entirely removed and replaced by
carbonate of lime. Fig'. 79 represeuts one of the most
characteristio of t hese l'rom a g'roup on the side of the
road in Boaz I sland. It is a eyliuder, a foot in
diameter and six inches 01' so high; th e upper surface
forms a shallow depression an inch deep surrounded
hy a raised border; the bottom of the eup is even,

FIG. ï !l.- Calcarcou8 concret ion simulntlug a fossil pnlm-ste m, UOliZ Islnnd, Bermu dns.

and pitted over withsmall depression s like th e marks
of l'ain-drops on sand; the walls of the eylinder arc
rough with transverse r idges and groovcs sing u lurly
like the lines of insertion of endogenous leaves. 'l'he
cylinder seems to end a few inches below t he surface
of the limestone in a rounded hoss, and all OV01' t his
there are round markings or little cyl indrical pl'O­
j ections like the origins of rootlet s. '.L'he objcct
certainly appca rs to agree even in every detail with a
fossil pulm-root, and as t he palmetto is abundant on
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th e islands and is constan tly Iiable to be destroyed
by an d ult imately enveloped in a mass of moving
sand, it seemed al rnost u nreasonable to question its
being one. St ill sometbing about t he look of these
t hings ma de me doub t, with General Nelson, whether .
t hey were fossil palm s, or indeed wh ether they were
of organic origin at all ; and aft er carefully examining
and ponderiug over several groups of th ern, at Boaz

FIG. 80.-Cnlcnrcous concretion in lEolinn limestone, Bermudas.

I sland, on the shore at Mount L angton, and else­
where, I finally came to the conclusion that they
were not fossils, but something totally different.

'l' he form given in Fig. 79 is the rnost oharacte r­
ist ic, and probabl y by far the most common; but very
frequcntly one of a group of these, one which is
evidently essentia1ly t he same as t he l'est and formed
in t he snmo wuy, hus an oval 01' an irregular shape
(Figs. 80, 81, and 82) . I n th ese we have the sanie
rnisod border, th e snrn e scars on th e outside, the
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ume orrgius of ro ot-Iike fibres, and t1: o saine
pitting of the bottom of the hallow cup; but their
form preclude the po. ibility of their hein g t ree­
roots. In som e cases (E ig. 3), a group of o-called

Fln. 1.- Cnlc..1reous conere tlon in ..Eolian limest one, Ilermu das.

, pal m-stems' is inclosed in a !Opnee surrounded
bJT n ridge, and on examinin g it closely this outer
r idge is round to how th e same lcuf-scar and traces
of r ootlets a the ' pal rn- tcm ' t he msc1ve . In sorn e

F ln 82.-Cah'll renuRen ur-re t.ion, D t' r1 I1 I 1f l " ~ .

cases VCI 'y irrcgular lioncy-comhcd Iluurcs nre pl'O­

duced whi oh th e ex aminat ion of' a lon g se r ies of'
interm ediate form s sho ws to hclonz t a th e snmc
oatcgory (]~ i "· . , lJ.. )
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I n the caves in the Iimesto ne, owlng to a th rcnd of
wntcr- haviug foun d il s way in a particular di rec tio n
through the POI'OUS stone of th e roof, a drop fulls age
ufter age on one spot on the eave-Hoor accurately
directed by th e sta lact ite wh ich it is nll the t ime
creut ing. 'l'he wat er conta ins a certain propor-tion of
cnrbonnte of lim e, which is deposit ed as stalagmite us

.
F,... 'l:l._l:.k,,,,·o,,••,,,,,,·..11,,0. io .t-),II.n J'O<k, lle" " ,,,I,,,,-

t he wntcr cvapora tcs ,' und t hus n i-ing-l ike ernst is
pro duccd at a li ttl e distance from th e spot whcrc th e
drop rail s. " ' heu a rin g is once formed, it limita t he
sprcnd 01' the d rop, und dc tc nuiucs the position of the
wall bomu liug the Iittlo pool made by t he rh-op. 'l'he
11 0 0)' of t he cuve gl':Hl uall~' r-iscs hy t he nccu umlntio n
or sand nn d t rnvcrt hu- und wi th if tise OH' wnlls an d
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fioor of the cnp by t he deposit of successive layers
of stalagmite; and t he stalagmite produced by the
drop percola ting in to the lime tone of t he fioor
hardens it till further, but in th is peculiar sym­
metrical way . . F rom t he fiaor and sides of the eup
the water oozes in to the softer limestone araund and
beneath ; but, as in all these limestones, it does not
ooze indiscriminately, but follows certain more free
paths. These become saon lined and finally blo cked
with stalagmite, and it is these tubes and threads of

,1.'10. 8-1.-CuncrcLioIlH in .iBoliuli rock, Bermudas.

stalagmite which afterwards in the . pseudo -fossil
represent the diverging rootlet s,

Somet.imes when two or more drops full from
stalactites close t a one an other the cup s coalesce
(F igs . 80, SI , an d 82) ; sometimes one dr op of tw o 1S
ma rc frequent th an t hc et her, and t hon wc have th e
form shawn in P igs, 81 and 82 ; sometimes many
drops irregulurly scattcrcd forrn a laree pool with
its raised bordel', and a fcw dr ops marc frequent and
more constant thun the rest grow t hcir 'palmctto
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stems ' within its limits (Fig. 83) j and someti mes
a numbcr of drops nea r one nnot her make a curions
rcgular patter n, with t he partitions between the
reccsscs (luite straigh t (Fig. 84).

1 have alreudy referred to the rapid denudation
wlrich is going on in th èse islands. and to t he extent
to whieh th ey have beon denuded within compara­
t ively recent t imes. 'l'he 110 01'S of caves, from t heir
being cementcd into a nea rly homogeneous mass by
stulugmit ic matter , arc muc h harder th an th e ordi­
nary porous blowu Iimestoue ; and it scems that in
man)' cases, al ter th e rocks fonniug th e walls and
roo f have beeu removed, disintegration bas been at
ail event s tem poraei ly arrested by the 11001'. "Where
there is a fiat surface of rock exposcd any where on
the islands it \"Cry gencra lly bears traces of having
bcen nt one t imc th e tloor of a C<l '-C, and as t he
weathcr-wearing of t he su rface goes on the old con­
cretionm-y structures ure grudun lly brough t out aguin,
t he parts spccially lmrdcncd by a localiacd slow ill­
fllfrntio n of lim e rcsist disin tcgrat iou longest and
Jll'ujcct ubovc t he gen eral surface. Orten Il surface
ur wcnthererl rock is 50 studdcd wit h tbese sym­
mctrieal concretions, thnt it is hard to believe t hat
one is Ilot lookiug at th e calciûed stumps of a close­
gl'owing greve of' pnlms.

;\ 11 t he fi gures are portraits, and are tnken from
Il single group on Bona I sland.

Ircluud I sland, the cxtrcme Island of th" chain
lu the wcstwnrd, con tni us th e dockyard with t he
ti ovcmment basin and th e wonderful iron floating­
dock, which was made in England, an d towed across
thu Atlantic with so mu ch labour and risk a few
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~-('n rs aga. It is covered with Govem ment buildin gs,
and is under st rict nuvul discipline-ml appnunge
and extension, in fuct, or th e gunrdshlp, lLM.S.
•Ten 01'" Bonz Isla nd succccds : i t is un ited to Ire­
land I sland 1Iy a br idge, and is t he site of a mi lita ry
hospi tal and barrack. .A sho rt ferry t hcn leeds to
Somerset I sland, t he richest uud hcst cult ivnted and
perh aps th e prett lest part of Berm udas. The houscs
here are nu merous an d guod, and th e market-gurdeu
style of cult ure is Jh llr carri erl ont. Th e soil is
excellent ; ' l'cd eart h ' with rlecnyerl vegetable ma tt er,
and ' mixed with it a whit e meule '- that is to sa~· .

the lm-ge-g rained frcc coral-san d. 'Yhen wc arrived
in th e heginning of A pril - n ' l'," carly in t he season­
they were already despa tching to t he New York
market wcekl y shiploads of delicious earIy potatoes,
for which t hey were gdt ing- ] 7/. a ton, onions nt
78, Gd. a box, and the earliest tcmatocs-c-jn st hcg-in·
n ing to ri pcn- at a..,. a smnl l hox. I n Somerset t he
fields and gurdeu s ure smull , sepnratcd and inter­
sected by taU clcnurler hcdges, a nd nll the rn ggcd
gro und is covercd with cedur woods .

Lon g Island, or Berm ud as. extends as fi nnrro w
strip from Somcrsct Island r 0 11l1/1 th e great Sou nd.
At the head of the Im~" whcrc H amilton, t he
principal town, 15 situnted, il widcns out, hcing
ahout two miles in width ; i t th en fcnns t he slngu­
lar qu ad rangu lar Frame round lIar l'Îngton Sound,
and end s ou th e shore of Cust!c H arbour. 'l'he rond
from Somersct ta H amilton passes Gihb's H ill , 21:)
fcct high, with a Iigh t housc 120 Icct, showing Il

revolvi ng Iight, brightenin g up c\'CI'Y minu te into
a strong glere whieh conti nues fol' six seconds. As
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the height of th e lantern is 360 feet above the level
of the sea, t he light cau be seen for a distance of
about thirty miles. Cottages and patches of culti­
vation are scattered along t he side of th e road for
the whole distance.

Hamilton is a quaint , rather pretty little town
of about 2,000 inhahitants. A half-street of irregular
houses and sto res with grecn verandas faces th e bar­
beur, with a cormnodious liue of wharves and sheds
along the shore. T he bettcr bouses are scat tered
and a Iittle inl and, and sorne very pretty villas, the
residences of th e leading merchnnt s and some of
the Governmcnt offic iais, oecupy pleasant situations
round the head of t he bay. 'l'he suburbs of Hamil­
ton show well th e peculiuri ty of the contrnst between
th e white-roofed houses and t he dark j unipers.
Nearly t he bost cxa mples of t hcse so-called 'eedars '
form a fine avenu e j ust hehind the town. (F ig, 85,)

St. George's Island, running along the northern
S1l0 1'C of Castlc Harbou r, termi nntes the ser ies ta
t he north-east, 'l'he town of St . George's is the
second on t he islands, evvu more prettily situated
t hun H amilton, nud having likewisc a good harbour
for vessels of modcrate sizc, nud a good Iine of
wharves. 'l' he strects of th e town are, however,
close and na rrow , and the drainage is bad; 50 that
St. George's, one of the principal mifitnry stations,
is by no means henltby. St, David I sland, Cooper
Island, Castl c Isla nd, and many suia ller islets. form
a broken barrier, closing in Oast lc H arbour to t he
sout hward ,

General Lcfroy has paid grea t attention to aU
questions bearlng upon the hcnlth and th e material

7.
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prosperity of Bermudas, and his reports to t he Home
Government and t he reports submitted to h im by
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the local authoritics arc 01' high interest. Very
charming in many ways, it sccms doub tful whother,
with the scurcity 01' luhour wlrich Iollo wcd slave
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emancipation, Bermudas would be a colony of auy
valu e exccpt as a mili tary sta tion. I n tbis point
of view, howcver, it is of an importance perhaps
second only ta 3Ialta. J udging from General Lefroy's
careful stat ist ics, Bermudas cannot he regarded as
an essentially unhealthy place, or as ODe possessing
a climate unfavourable ta the life of Europeans.
'l'he dcnth-ratc among th e white populat ion is about
tweuty-two in a thousand-c-nearly the seme as the
general dcath-ratc of Buglnnd. The mean of the
death-rate among th e troops in Bcugal for the five
years up to 18ü{) wcs 23"8 in a thousand, in Ber­
mudas I üI, in 3fnltn Itd), and in Canada-an cx­
ceptionally healthy sta tiou -c-G'Il . Du ring the last
thit·ty year s Bermudas lias suffered from four
epidemies of vellow Iever, and th èse, with one ex­
eepticn-c-thnt of l~jG..- told severcly on the troops ;
hu t setting aside that terrible scourge, it must he
regarded as onc of the healthiest of our lesa healtby
stations. A good deal cau be doue, doubtless, ta
improve the sauitury condition of the towns and of
the military cstnblishmen ts ; but the root of the evil
is in the P OI 'OU S nature of the rock, prevent ing a
fu ll and puri fyiug supply of ru nning water, and
rcndering nnything like effective sewerage extremely
dlûlcult.

'l'h ci-e Is litt le live stock on the islan ds ; cattle
nnd shcep do not tlu-ivc well, pï-obnbly mai Illy owing
to th e want of a plcnfi f'ul suppl," of good water,
Butchcr-mcat is nlmost a11 importcd from America.
Herses ure Ilot very numcrous, and only tolerably
good. 'I'hcrc are fi fcw mules ami asses.

'l' he greatcst cxt cnt und rliversity of land is in
7. 2



3·JI) TH E ATLANTIC, [caj.p, IV.

Long Island, be t wecn H amilton and the shore of
IIarrington Sound. 'l'he count ry is undulating and
weil wooded, with here and th ore exte nsive brackish
wnter marshes cumbercd with a luxuriant vegeta.
t ian of palmettes, maugl'o\'CS, j uuipcrs, and fem s,
iucluding the common brackcn P teris aquilino ,
OS1Iw mht 1'egalis and O. cinnamoniea, and .dcroe­
tic/mm aureum often scven 01' cigbt fect high (F ig.
86). It is intersectcd h~' good ronds , and dc tted wit h
white-roofed hcuses, churc hes , and schcol-houses.

The principal crops raised arc potatoes , toma toes,
and anions, for the Xcw York market j these are of
the very best quality , but they are raised in com­
parat ively smnll qnant ity, owing partly ta t he
scarcity of labo ut' and pal'tl~' ta the patehy dist rt­
bulion of fer til e sail und the want of a sufficien t
supply of manure. Arrowroct-c-the starch of JI(l1ymttt
armuliu(lcett-was at one lime a prtnclpal article or
export; hu t t he quant ity produ eed has becn stea dily
decreasin g of late ~· eal·s . \rhat is made is cert uinly
excellen t, and fetches li rnuch highcr priee t han t he
"\Vcst I ndiun arrowroot which is drivlng it out or
th e market. The starch is conta ined in a long
j ointed t uber. or rather rh izome or under-ground
stem which springs from th e crown of t he root of
t he Maranta. 'l'h is, when it is r ipe, is a foot or so
in length , slightly Iluttcncd, and about an inch in
diameter. " ' hen fresh it is covcred with n brownish
skin; hut this scpa ratcs in drying from the tuber,
which is white and scmi-trunsparent and little cise
than a mass of etarch, Fragments of the rhizome,
or small shoot s which are sent off alon g with the
rhizomes, are planted about t he month 01' ~ray, and
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they send up a stem three Ieet h igh , with handsome
iris-like Ieaves. In about tell months cnch plant
yields ten or t welve, sometimcs as many as cighteen
or twenty, tubers . Th èse arc pnrt lnlly dricd and
the skin removed, au d thcn, artel' bciug careful ly
washed, they are ground in a mill workcd by herses
or cxen, intc a course pulp. The pulp is pnssed, with
an abundance of ccld wntcr, throu gh slcvcs gm dually
diminishing in mesh, uu til t he etnrch passes throu gh
free from fibre or other impuri ty. The grecter part
of the water is t hon poured olf as much of the
remninder as possible forccd out by a band-press,
and the cake of starch broken up and dried in
shallaw wcodcn trays exposcd to a currcnt of ail',
when it falls into the well-known snowy, glisteniu g
pcwder. The bost 3lTO' \TOot costs nt the manu­
faetory from la. 4d. to 18. Cid. n pound ; but the Cl'O p

is a troublesome one, the labour connccted with it
estending over ahout a ycar, nnrl t he Bcrmudians
find th e cult ure of th e potato, which lies only about
one hundred days in the gl'ound, gives much less
trouble, and eommnnds a cer tain and immediate
market in America, a more urofltable speculation.
Maize is grown in smnll qunntity chiefly as a vegct­
able for the sake of the g'l'ecn hcads. I ndinn corn is
greatly used as an ar ticle of food, but it is imported
from America. Cassava (J at l'Oj Jflu mani/lOt) is com­
mon in gardens, and thrivcs wcll. It is much used
about Christ mas-time for mak ing a l'cry Iavourtte
dish of th e scason-c-' cassava puddi ng .' Ail th e Euro­
pean vcgetablcs gro w in Bermudas, and, with cnrc,
scem ta come ta considerable perfection. It is sin­
gular that secd potatoes, an d gardon scods of nll
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kinds, including tbose of the onion and tomate,
are importcd cvcry ycar, usually from America or
Mad eira. It is gcnerally undcrstood t bat sced gro wn
on t he islands will yicld a deteri cruted crop.

Sorne yeul's ago Bermudas wns Iamous for its
oranges ; sevcrul of the le st vurieties were cultivated
in gardons, and the fruit arrived at wondcrful per­
fection ; whilc the lemon, the lime, and t he bitter
orange were sclf-sown, and sprang up every where, 50

t hat the count ry lanes an d hedgc-rows were redolent
of the delicious perfume of orange hlossom, and the
fruit fell off and rot ted 011 the gro un d.

About the year 18;j-L a minute iusect of t he family
Coccidœ appcarcd on the orangc-t recs, and multiplied
infinitely. 'l'he Ieavcs, covercd with seules, and
glut inous with a viscid excretion from the animal,
bccamc yel low uud fcll oIT, the fruit droppcd before
ri peniug, and flnnlly man.\" of the t rces died, Ber ­
mudas hus n CYC1' recovcrcd l'rom t his plagne, and now
thero is sem-ecly [I n ornnge gl'o\\"n ou the isla nds.
'l'he wild lcmons and lim es still llourish, and perfume
the air in t he th iekcts uhcut 1r nlsingham and
I'nintcrs Vale ; hu t the cu lt ivatcd varieties have
disnppc ared from the ga rdons. Fruit is by no means
ubundaut . 'l'he smnllcr Eugli sh Iruits-c-gooseberry,
raspberry, currant , &c., l'un to wood, and do not bear,
Strawberrice fruit fa ir ly . Banunas are ye r )' genera Uy
cultivato d and are good, alt hough t he va riet les are
not sa carcfully selected as they arc in ) Iadeira,
Thore are seme lino trccs of the Avocnda l'car (Pereea
!11'cttissîma), which Leal' ubuudantly. The Menge
has bcen in troduced inta some gardens, but the crop
cannet be dependcd upon. The slngular-Iooking
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Papaw-trees (Cal'ica· papaya.) ~re seen everywhere,

Pm . 87.-Pnpllw.t ree. (C«rk tt l''' l'' tY" ). In the garden nt Clarence 11111. (1 " 1'0 111 n phowgl'llph.)

male and female, round the cottages (Fig. 87) ; but
th e fruit is not much estee med,
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The climate of Bermudas is very genial ; the mean
annual temperature is 2r C.• while that of Madeira,
in almast exactly the same latitude. is I So C. This
difference of 3- C. is due partly to the prevalence at
Bermudas of south-west winds blowing directIy over
the super-heated reflux of the equatorial current, and
partly to the position of the islands within the region
of the banked-down warm wate r of the Gulf Stream.
The temperature of the coldest month (17" 2 C.) is,
however, somewhat Iower at Bermudas than at
Mudelra (17"8 C,), whilc th at oC the warmest month
is considcrably higher (220 to 200 C.). This greater
summcr-heat, t ellin g upon the flowering an d the
ripening of th e scede or plants, gives th e flora of
Bermudas a more tropical character than tbat of
Madeira , an d this is undoubtcdly increased by th e
clrcumstnnce that wlrile the vegetation of Madeira
and the ether 'Atlantic islands: the Açores and the
Canaries, appears ta he ta a great dcgree an exten­
sion of that of Southern Europe. that of Bermudas,
if wc esœpt a large number of int roduced plants, is
in th e main derived from th e West I ndies an d the
south of ~orth America .

The fauna of Bermudas is singularly poor. There
nre no wild mammals except the ra ts and mice which
have been imported with foreign produœ, Only
about half a dozen land-birds breed on the islands.
and ull of th èse are eommon North American species ;
probably the most nbundunt and most widely distri­
lmted are th e American erow (Cor/ms americanus) ,
nnd a pretty qu nker-coloured little ground dove
(Cltamœpelia pcuserina). Many American birds are
urmunl visitors ; wc saw during our stay two at least
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of thèse, a blue-and-white kingfisher (Oeryle alcyon),
and the well-knowu • riec bird ' (DolicllOltyx oryzi­
V01"1IS) ; several other hirds, includiug a species of
Galli llula and one 01' two of th e smuller pesscrcs, aU
common American spccies, ali ghtcd on the ship while
wc were cruising in this neighbourhood. Only Olle

rept ile is kn own, a lizard common in Carolina j and
a small fish allied to th e mullet occurs , not in great
ubundance, in the brackish-wnter murshes.

During ou r two visits :U r. Moseley colleeted the
plan ts vigorously, and by a kind ar rangement of
General Lefroy's he spent a few days at the camp of
the Engineers in Painters Yale in the middle of the
best botanical district. H e dried about a bundred
and ti f ty specics of flowcring plants, which were sent
to Kew, and Dr. Hooker, in returning the rough
list, expresses his su rprise at flndin g the flora to
possess sa t ropical a character.

It is pleasant to r ide of an evening along the green
ronds in Bermudas. '1'hings a1'C sc mueh alike aIl
over the world, the cxigencics of cul rlvatlou and
t raffie requi rin g every where t he same palings or
hedge-rows or low wall s, and nature everywhere
encumbering and ameliorati ng t he roud-aides with
green weeds wit h blue or white or l'cd or yellow
tlowers, t hat one might almost fancy oneself among
the green lanes of t he middle coun t ies of England.
The exot ic charaeter of t he vegetation of Bermud as
ia not obtruslve. Th e univcrsal cedar might he a yew
or a dark-foliaged pine, and only here and thore fi

graceful group of taU palmettes riscs ovcr a mangrove
swamp. Chamœrops palmetlo Is the only indigenous
palm : th e cabbage palm (Ol'eockJra oleraceoï, the
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date palm (P hœnix dacty lifel'a) , the cocoa-nut (Cocos
nucifera), and the grugru palm (Asb"ocat"yum aw"eum),
have been introduce d, and grow well; but they do
not r ipen their fruit. The bananas round the cottages
look t ropical, and so do t he stars of scarlet bracts of
Poinsettia and the stars of crimson flowers of Bl'y th­
rina ; but the far more general tamarisks and olean­
ders are familial'. An exotic cast is given to the
undergrowth by the prickly pear, t he Mexican yellow
poppy (Al'oenzone Me xicana), the scarlet sage (Eantana
coccineas, and the wild ipecacuanh a (..t1..sclepias curas­
savica), the food of the caterpilla r of t he fines t
Bermud ian bu tterfly (Danais al'chippus) ; but nettles,
chickweed, sow-thistles, rapes, c1overs, and ether
cosmopolitan weeds, hold their accustomed place.

....:01 .IA'S nocx, In :ID IUD \ S.
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APPENDIX A.

(CRn . rv.

Rqxmjrom Prof. A bd, F.R.S.,toH. E. Umm l Lejroy.C.B.,F.R.S.,
on th CJharader and Composition of Samples of &il Jl'Qlrl­

&rmudas:

LABOU.roI.Y, 18, B'Lt.!TEIl ST. zn, E.. C'. ,
J4 ltrmry ., 18i 3.

To P non ;SSOR A BEl., F.RS., &c.

Ln:BIG, in his report ta Lawcs and Gil bert on the composit ion
of the eoll of the verioue plots under experimental cult ivation
al Rothamsted, bas saggested the adopt ion of a uniform method
by all cbemists in th e examination of soile, go as ta lead to
comparative resulta. The method lie hue edcpted Î !> the
following, viz. :-

1. Solution in dilute acetic acid (one part of stro ng acid to
four parts of wate r). This he considera the mensure of plant
food in the soil al immediate disposal.

2. Solution in dilute hydrochloric acid (elso 1-4.) This
yields the quan ti ty which by the action of weather gl1l.dually
dîsintegrates and becomes proximetely available.

OC the remainder, th at which is soluble in strong hydrochloric
acid shows the readily decomposable part of the soil, though
requi ring a longer tim e for disintegrat ion th an that dissolved br
weak acide, whilat th e part which is rendercd soluble only by
fusion (when the examinetion il! carried sa far) repreaeuts the
ultimate capability of the sail ta renew ita fertility after tilt!

lapse oC time.
It ia obvions, if a uniform method of analysis such as this
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were adopted by aIl cbemiete, it would materially enhance the
value of tbeir work, by giving comparable results.

In the auelyais of th e Bermuda sone, wbicb 1 bave now 10

report , 1 have adopted as far as possible this plan of enalyeïs,
omitting the solution in week hydrochloric acid, and using
inetead stro ng hydrochloric acid. The quanti ty dissolved by
thi s re-agent represente the reedily decomposable part, and
tho.t wbich would have been soluble in dilute hydrochloric
ecid alter the aceti c solution.

The considerable quantit ies of alumina dissolved bath by
weak and strong acide shows aIl th e soils to he readily acted
on by weather, and consequently having a proportionate facility
for renewing their fertility. This is especially the case with
No. 3 soil. Th ere is no marked deficiency of any normal
const ituent in any of the solls, with the exception of chlorine
and sulpburic acid. I n No. 1 soil both are nearly absent; in
soil No. 2 the chlorine is a mere trace, and in soil No. 5 the
sulphuric ecid ie very minute. The actuel weigbt of thèse
minute quantit ies, bowever, whe n multip lied up to tbat actuaIly
exiet ing in an acre of soil one foot deep, is, as bas been sbown
by Professer Way, not at aU insignificant.

Phœ phoric acid is present in soil Nos. I, 2, 3. in unusually
large qucntitice, the average for a fertile soil being 0'10 per
cent. W ith cert ain limitations it is scnrcely fair when ail the
consti tuents of a soil are essent iel to th e proper development
uf plants, 10 attach a higher importance 10 one thea 10 another;
sorne, however, are invariably present in large quantitiea, and
seem 10 serve more as a medium of growth t ban by any
chemical activity ; sorne consti tuents are more easily and
cheaply supplied than others; the direct applica t ion of sorne
to an appropriate crop producing a corresponding increase in
yicld, when a supply of ethere would produee no increase.

The large amount of phosphoric acid in the three soils (Nos.
1, 2, 3), ehould, by disintegrat ion und proper cult ivation, maintain
their fertility for ages 10 come, uud the coral and chelk (Nos.
4-5) will Iumieh excellent dress ings for clay eends wbere tbere
is ri. deficiency of lime.
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To maintain the fert ility of a soil under proper cultivation it
is necessary to supply in th e mauure the minerale which are
taken off in the crop. It by no means fcllowa tbat the
conat ituent s of a crop form the best fertilizcrs for tha t crop ;
in fact, the contrary sta tement seems to bold good- the special
manure for sorne crops is just th at constituent in which they
are deficient. The wheat crop, for instance, whic h is etarchy
rather thau nitrogenous, is greatly incrensed by the direct
application of n itrogenous mauures. The saille mny he said
of the sngar-cane. and, I have little doubt, of arro wroot ; in
the case of wheat, th e increase in the crop by the nit rogenoue
mauurea may be calcula ted with in ncrrow Iimits ; but, if
supplied to a beau crop, Ilot ouly no beneflt ie found, but in
sorne cases posit ive inj ury. Gree n Cl'OpS of ail k lnds, which arc
ucn-nit rogenous, are largely iucreased by nitrogenous menu res.

The direct aupply of phosp hate in au assimilable form largely
increeses the tu rni p crop, whilst the sanie supply ta the wheat
crop, whlcb is especiully pbosphntic, scareely iucreases the

yield.
The best naturel Ier til izcr is doubtless Fann-yurd manure, or

good stable dung. When thi s cunnot 11e proc ured the arti flcial
manuree, euch as guano-sulphnte of am monia, are valuable,
especially on ecils rich in t ltl~ minerai constitueuts of plants,
sucb as t he Bermuda soils. The- application of these nitre­
genous manures would dou btless cousiderobly increaae the
non-nit rogenou s arro wroot wvl'. und probably th e Hancna. 1
regret 1 bave not ail uualysi s 0i" the ush of the Bauan a tc
which 1 can refer,

These eoils, were they in England, would doubtless produœ
large cmps of wbeat when manured with uü rogcnoue manures ;
and tbere ia li t tle dcubt they would in Il climate auch as
Bermuda.

Much interest would attac h to experimente showiug the power
of theee eoila for the absorption and retention of ummouiu and
water. However, tune precludes tbie ut present,

FIUW Eln CK A. l\JANK ING,
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SOIL L-lŒD EARTH.

35 1

( 1 - 4.)

Soluble in dilute
ucetic ecld,

Hygreeœpic weter .
Organic substance .
Sili cic eetd • • .
Seequieaide of iron .
Al umina • •
Lime
ClU'oonie acid
Sulpburie aeid
Cblorine •
Magncsia

1
Sand . . . . .
Alumina . •..
Sesquioxide of iron .

Soluble in strong Lime • . . • .

hydroehloric aCid' l Magnesia . . • . . . . . . , , • .
P cteab . • . • . . . , . . . . . •

~=Ph~ri;acid (~tima'ted in'ni~rie'llcid s~lu~io~)

16'231
Il"210
0 '126
01J4O
0'146
3'144
2'251
T.....
Do.
0'01 6

40"001
13_
12'310
O'~64

0'464
0'118
0·006
Oil26

SOIL Il-RED EARTH.

Hygroscopie wate r .
Ürganic substance .

1 Silicic ecid . , ,

S 1 bl . dl J Beequlcxide of iron .
o u ~ ID . 1 ute Alumina . ,

aœ t te ecid. lL·
)

lOle. • '
(1 - 4, Magnesia . .

ClI.roonic acid
Sulpbur ic acid
Chlorine • .

J

Sand . . . .
Al umina • , , .
Seequiexlde of iron .

Soluble in atrong LiUl6 . . . . '
bydroehlol'ie ncid. \ MlI.gllesia . . • , , . . , . . . , .

P oUlsh . . . . . . . , . . . • , •

~~~P11~ri~aeid (~stilU~ted ~ ni~ri~acld s~lu'tio~)

23'200
13'000
0' 124
0'036
01>82
7 840
0'1~6

6'700
0'031

31'640
7'368
9'964

0 '169

01>8'
0 '026
0'03(1

100'003
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SOIL III.

[CB.1I' . IV.

1

Hy"""",p" w.'" .
Organic eubetence •
Silicic acid • . .
Sesquioxide of ircu .

Soluble in dil ute Alumina . . . .

eeeti c ecld, lLime .
Magnesia.
Carbouic acid
Sulpburic acid
Chlceine

Soluble in stronl':
hydroch1oric acid.

Completely
soluble in dilute

acetic &cid.
(1-4.)

Son,
Al umina
Sesquloaide of iron .
Lime .
Magne~u.

Pctesh .
Soda
Phoepbcricacld (eet imated in nitric ueid solution)

SOIL IV.- CORAL.

HygrOllCOpic water
0l'Wlnic subueaee
Sand ... .
Sesquioxide of iron •
Alumina.
Lime
Mllj:\'Ilesia
Pctaeb .
Soda
Carbonic eeld
Sulphuric acld
Chlorine • .
Phœphorlc aeld (est imnted in ni tric Reir! Huluti on)

6'030
1-l'OlO

0-034

0."
0"110

1'146
0'09 1
0167
0'060
0"042

20'100
22'7 90
28'3 18
2' 188

0'155
coss
0'620

98'648

0'316
3'806
(l1l5O

52"470
1'686
0'064
0 '243

42'866
0'206
01120

(11171

Hl2"324
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43~6

0~38

Oil74
0'069

3fl1H 2
T_ ,
0'010
....>0

18'134

3'"0_
:10'180

SOIL V.-CHALK.
( Hygroacopio -Ur •
1 Orgauio eubetanœ •
: Sand • • •.•

Seaquioxide of iron
Alumina
Lime
Magn eaia
POWsh •
Soda
Ca rbon ie ecid
Sul phurie eeid
Chlorioe . . . • • . , • , . . , •

t Phospborie acid (est ima ted in nitrie &cid IOlutioll )

Compl~l,

soluble in dilu te
ecetic ecid.

(1- 4,)

102'478

PLOT a. PLOT 2.
E:ùM...It<i ForUle

"'" ...
l'rrcellL ...._,
1'826 1"810
5'383 tI'212
0116.> 0""'
0 '100 o-n e
2·tl(l5 1'7El6
0'028 0 '026

O'OU 0"04 '
0 '012 0il19
T~~ 0"""
"",5 01>93
0-369
4'363
0'233

O~"
01170
0_
0'016

A A

J

HJ~I'UI!lCOvie .....te r , . ,
Organic euteta nee . . •
Si licic acid . . • • .
Oxide of Iron and Alum ina

Solul,le in dilute Li me • ' , . . ' .

ncerie acid . 1M:Ij,'Il('llill . ,
Pctash , , .
Soda • • , .
Su\phuric ecid
P bœ pbceic acid (iD nitric ac id) ,
Silicie ecid , • . • . •
Ostde of iro n und Alumioa
Lime
MagJleaill
P otMb ,
Soda • •
Sulphurie &Cid

Solub le in dilu te
hyd rcch lor ic acid
.t'te r t he . oluti oll

in aœtic eeid,

EXHAU~TED AND FERTILE SOILS.
Allal!/&t3 of S"il /1'01/1 P lot 3 and Plot 2 0] tI,e E~Jerilll~lI tal Farm 0]

fA llU and Gilbni, at R oI.haTMtM.. By H EJUI ANand L U .BIG.

P LOT J. · - An exbeusted ecil , bav ing grcwu wh" t thirty aUCOI!Mi.,e "" 1'11
.... itbout mauure, corn and atra ... beiug earried oK. (Tbe perm'-llen~ly

»nmanueed plo t. )

J' LOT 2.- A fert ile scil , Thi~ hal also WU·'.n whèat t hirt J 5U~in
yenrs, The corn and atrnw have been ('(I rte..l olf, and it ha. been higbly
manured euch p ·:.r with farm-ya rd menure.

J'lnl l'ACK So IL {Top nine inches).
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The tempen. tu l'l! observatio ns from August, 1851>, u r to February, 1869, nre teken from the Abst l">l.ct published by Sir H , Jam~ in

J862 ; thœe from Febrnary, 1869, III' to April, 1862, a re from manuscril,'t Mh cctll furn iahell by Sir R J'm~1 in 1873 ; end th~
obset"Vatlon ~ from Aptil, 1862 , lIl' to Jll.nnllry, 1873, ore f rom the manue crtpt .h ~etll of the At my ![ed icol DeJlRrtment "
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CHA Pl'E R Y.

TH E GU LF !o'T UEA n .

( CRAI-. V.

Depertuee from Bermud u .-Sounding aa ll Dredging neee the llilll.nù...
-MadracU lUpa'Illa.- The detennination or Sutface end Deep
Currente.- Di ffieal ty and uneer1ainty or our present methcd of
Observation.- The Current-drag.- Soundiag in the Gulf St ream
in rough weather.- The Temperature of the Strellffi._A«.te
W lidifera.- Por«Uanarter uruleu.•.- AiiNpt roatrata.-Dredged a
buge SyeDite Bou.lder.- Le H ave Bank.-lIirage.- Halifax.­
l ee-markinga.- Reeross the Gulf Stream.-General eoneideratione,
- CompariaoD betweeu the Gulf Stream and tbe J apan Carrent.
-Calymne rtlicta.-OJJI;"!Ilypha lmflllta. - uJToyella dtcOTa.-
Retum Ln Bermu des,

AI·PE....UIJ: A.-Table or Seriel Tcmperature-Soundings taken bet ween
St. Th omas, Eennndas, and Halifax.

AI'PE~Dl X B.- Table of the ncuom Temperatures taken between St.
Thomas, Bermudas, and Halifax.

A pPE.:ŒIX C.-Specific Gr:'lVity Observatione takcll bet ween St .
Thomas, Bermudas. and JI.lifu.

A pPF.~DI X O.-Table of ) JetooflJlogicnl Ob!W'rvations malle in crossin,:t
and recrceeing the Golf Str( ~ illl .

As l have already mentioned, towards th e end of
April we 1eft Bermudas for li time, crossing th e Gulf
St rea m to t he neighbourhood of Sandy IIook. ' Vil
coursed along the outer edgn of the fl shing banks to
H alifax, wbere we remained ten days ; and then wc ran
another section acrosa the Gulf Stream in a south­
wardly direction an d returned to Hermudas on the
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31st of May. Besides the ,"ery important one of
getti ng braced up br a little eold wcatber before our
long cruise in the 'I'ropies , our chief object in taking
this trip was to see for ourselves the wonderful ocean­
river which had exclted so much adm iration and
interest, and given ri se to so much coutroversy ; we
did not ant icipate heing able in the short time at
our disposa! to nid in throwing any additi onal
light upon a phenomenon which hus already been so
carefuJly and admirably tnvesttgated br th e United
States Coast Surr eyors , cxccpt possibly by t racing
th e relation of th e decpcr laye ra of wnter beneath the
stream with th e loyers at similar depths in ot her parts
of t he ocean.

'Ye steamed out of th e Cumber on the morning of
th e 21st of April, nnd, going through the narrows,
took a series of souudings following as ncarly as pos­
aihle the hundred fat hom Iino. 'l' he bottom falls off
nr)' suddcnly alon g the easte rn and northern coasts;
wc got fi souud ing in the nfternocn , Gibbs'-Hill
Lighthouses 2' E. 181 miles distant , in 1,375 fathoms ;
the bottom temperat ure was 3' C., nnd the bottom a
fine grey mud with 3 few forauriuifern. On t he follow­
ing day we procceded outsidc th e rccfs tu the west­
ward and scuthwurd, and sounded succcssively in
2,1-50, 2,100, and 1,950 fathours, finding in each case
a bottom of grt'J mud , ch ieti)" th e detritus of coral
with a seanty sprinkling of fornmiuifera, aud B. bott om
temperature of r ·(; C. I n the evening wc sounded
in :J2 fat homs nbont l a ruiles to t he south-west of
Bermudas; this is a bnuk well known to the Bermudas
fi shermen, and is snid to have been disoovered from
th e large uumber of flsh swimming nenr the surface.
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,Ve anehored on the bank and the fishing -Iines were
saon out, but we were vcry unfortunat e, for onlyone
or two ' snappers ' were taken . Early on the morning
of the 23rd the surveying boat left the ship ta
sound out the bank; it 'was cohl, hlu st cring, U11­

pl easant weather with a falling baromet er and rising
wind. Durinz the clay we sent the jolly-boat away

Von. 8S.- .If ll/ l rar l.r "'}leT'ul".

ta lower the small dredge a couple of' hundred yards
or sa from t he sh ip ; the dredge was then slowly
dragged ta t he ship by the donk ey-engiue. 'l'he bank,
whieh seems ta be about five miles across, eonsists
mainly of' large rounded pebbl es of the substance of
t he Bermudas ' Serpuline rcef.' 'I'h ere is an abundant
growt h all over the pebbl es of the pretty little

...
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branching oorals j,[adracis aep erula (F ig. 88), and
M. hella ïuc .. and ether Invcrtebrates were abundant ,
part.icularly one or 'two large sta r-flshcs. 'l'he fauna
scemed howevcr to he of t he ordina ry character , auch
as wc found in sha llow wntcr everywhere round the
I slands. As the weather did not look by an y mean s
promising we weigucd unchor as soon as the boata re­
t umed and proeecded on our course ta the north-west.

On the 24th wc souudcd and dredged in 2,650
fat homs 4:1 miles in a north-weste tl y d irection from
Gibbst-Hill Li gh thousc ; t he dred ge hrou glrt up a
little grcy calcarcous ru u d still evidcnt ly chiefly
derived from the Hermudas rccf: with Globiqeri nœ,
Orùulinœ, S0111e lai-ger foramini fcra, sorne otolites of
fishes, and sorne shells of Clio and Diccrla . It was
evident , from the mu d in t he dredge-hag containing
many more Iornminifem t han sorne which had been
caught in bulk on t he tanglc-bur, t hat a large quantity
of fine débri s hnd hccn wushed th rough t he ' bread­
bag ' during the pl'Ogrl's:'\ of t he rlredge ta the surface ;
und t his made if. a il t he more remarkahle that no
unim nl high cr in t he scale thnn fi rh izopod was con­
tuim-d in the tlrcdge.

A ser ies of tcm pernturo- sou nding s was taken at
intcrvuls 01' 50 futhoms down to 700 futhoms. (See
'Iuble-e-Appcndix A ta this chapter), and a second
series to fi depth of 150 fnthoms at clcser intervals
gave the following resul ta :-

Sur face so- oc. 1 100 fllLhoms 18°' 50.
:?O fa lllo llll! 10 . 6 120

"
18 ' 3

40
"

10 . 0 H O
"

18 ' 3
GO

"
18 ' fi 150

"
ia- 2

80
" 18 ' 6
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'l"11ile th e dredge was down observations were
made on th e direction and force of the eurrents at th e
surface and at different depths below il. The su rface
current can usually be determined without any great
difficulty ; indeed wc get at aIl cvents a rough ap.
proximation to its determination, in the difference at
the end of a given time between the position of the
ship by observat ion and her position by dead reckon­
ing. I n fine weather, however, the surface CUITen t

may he determined mu ch more exactly. w hec th e
dred ge is well on the bottom one of th e quarter-beats
is Iowered and anchored to the dredge-line, the Iine
between the boat and the ship bcing kcpt slnck, and
the ship drifting awa~·. Th e boat thus becomes a
fixed point , and from it a current-log is run out, the
log-ship consist ing of a triangular pieee of wood
wcighted at the apex, and kept nt t he surface by an
oar lashed across it s hase, 'l'he log-lin e is marked
to fathoma, and is allowcd to l'un fol' a given fime,
say six or twelve minutes ; th e line is th en checked
and the hearing of the Iog-ship takcn from the boat ,
which gtvcs the direction of th e eurrent; while th e
numbcr of fathoms l'un out multiplied by th e pro­
portion which the time of running beurs to an hour
gives its hourly rate.

Var ions méan s have been de,t iscd for ascertnining
the direction and rate of currents of wuter at different
depths below the surface, hut none of th èse cau as yet
be considered satisfactory. Th e difficulties may Le
best expla ined by ùcscr ibing th e mcth od cmployed in
the' Challenger.' It is ucccssury in order to investi­
gate a deep current, to aink to the required depth
sorne abject which will he taken a good hold of by
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the current and carried
along with it ; and to
mens ure the movement
of this abj ect it must
be attached t a a float
on the surface which
shall he affecte d as
li ttle as possible by the
surface drift, br a line
which shall be affected
as little as possible
by intermediate move­
ment s. Fol' this pur­
pose we use an in­
strument composed of
three parts-the ' our­
rent-drag,' t he 'line,'
and the' watch-buoy. '
'l' he first of these con­
sists of a light frame
of hammered iron four
fe~t high and four feet
across (F ig . 89), sup­
porting four vertical
fans 'of canv as. Th e
iron cross-pieces are
fastened by a bolt in
t he centre sa that t hey
can be fold ed away
when not in use ; and
they ar e kept at ri ght
angles by a lanyard
attached to theil' ends , FUI. SP.-The "Curren t-rlrng ' nlll\ ' Wnt r h.lllloy.·
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To the bottom of the frame u ! cwt . Ieed is slung to
sink it rapidly in th e wat cr, and the' current-Iine,'
a sufflcient length of ordi nnry serv ice "cod-Iinc,' is
fast encd ta the top, " l len th e dra g lms been let
down ta the deslrcd dept h, t he line is nttnchcd on
the surface to the ' wutch-bu oy,' n spiud le-shnped
iron bucy five Ieet long by one wide in t he cent re, sc
fashioned as ta expose as little surface as possible
to t he dr ift or t he wind, while it hus sufflcient
buoyancy to susta in a weight of i O lbs, in t he wuter.

In using t his instrument , th e direction and force
of th e surface-current is flrst ascertnined in th e
manner already dcsci-ihcd, and th e bont th en frees
it self by lett ing go the dredgu-rcpe, which is haulcd in
by the ship. The current-drug is lowcred to say 50
fathcms from th e boat, and the "watch-buoy ,
attached. 'l'he boat with t he observer then follows
the ' watch-buoy ' closely, without in terfe ring with
it s movements j and the surface 10;; is ngain dro pped
from th e beat , nllowed to l'U ll for a given frac tion of
an hour and cbeckcd, whcn its bem-ing and the length
of line run out givc t he direction and rate of the
surfu ce-current from th e hont. But th e bout is no
longer Il fl xed point, it is kccping with the ' watch­
bucy ; ' t hat is to say it is muving in th e directi on
and with the rate of Il currcnt at a dcpt h of 50
fat homs. As t he log-ship is Iree to move wit h the
surface-current, aH divergence whether in rate or
direction between it and t he wateh-huoy must he due
to influences actin g upon th e latter, for they would
otherwise he driftcù alon g togct hcr, and the rate and
direction of the surface-current bein g alreaùy known,
the deep-weter movement can be readi ly calcula ted



,""., ,
"..~

..
".,.,
Nlly 20~..
""se >,

""..",\ .
..;~

1l-~9

J\I..y2'l~ ~"

'"'"'"•'"'".,.."." 6,

7 ~ 1 r

ANORTH

....
.... lUtly3.l.

o
70'

....,
,,,

6

30



CIJ.\ I'. v.] THE GULF STR E A M. 365

from the relative positions of the watch-buoy and the
log-ship ; t he actual movement of the wateh-buoy
with reference to a fixed point will he the resultant of
the movement of the surfaee- water and the movement
or th e watch-buoy through the surface -water. This
would ho sufficiently simple if we could suppose tbat
the surfa ce-drift bas no influence upon the watch­
bucy and that the movements of intermediate water

"~'

~'OO''''' W.'<~''''.'

e , llœIe of ~ c:>'bl~.: Ill " ~. , •
]',,,_ !'O._H, ,~,, 1t of ç"rrnnt OMer....lio n. mA,le on the ~nh or April red n""d 10 ft

dingrA,,,mnlie rom],

do not affect t he "current-Iine ; " but we are well
uwnro that this eannot he th e case. and as we have
no data fol' cstimat ing the amount of errer arising
from these sources, our curren t determinations can
ns yet he regarded only as approximations. The
following tabl e gives the resulta for the 24th of
April.
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"
"

Lu, 32"1 8' N. t ONG. 66' 88' W.

Surface eurren t N. GO.E., Q':H of a mile au hour.
Curren~ at 50 {athorns :f. 1;) E t l)'-l6 .. ..

" 100 .. N. 87 R , 0 '36 .. "
.. 2.m .. S. 10 E. , O '~2 " "
" 300 Il S. 40 E., 0 '08 "
" -100 " S.651i:.,O·11 "
.. 500 N. 65 R , o-ou ..
.. 600 " No eurrent detccted.

The resulta arc sha wn in a dingrnmrua tic form In

Fig. 90.
April 25th.- "\Ve sounded in 2,000 fath oms, with

a bottom temperat ure of r '8 C. The mud from the
sounding was reddish and vt:ry smooth, containing
scarcely auy foraminifera an d ouly a very small pro­
portion of carbon ate of lime. Serlul temperatures
were taken to 1,500 fathoms nt intervals of 50
fathoma (Appcndix A.), and for the first 200 at
intervals of 20 fatb oms: -

S urface 21 ~ ' l e . 120 fat hcma IBO. BC.
20 fatbOltJ8 . 2() • 1) , ·~ o

"
18 . 1)

.0
"

20 ' 0 jGO
"

18 ' 2
GO "

HI . .. I~n "
17 . 3

80 .. 19 ' fi ::00
" 17 ' 1

100
" l ~ ' fi

During the day th e force of th e wind gradually
increased, and towards night-fall it was blowing
half a gale from th e south-west, with a steadily
fall ing barometcr and vivid shcet-lightning on th e
nortbern horizon. The gale continued during the
night and for the greate r part of the following day,
the wind veering round to the north-west, and the
Bea ronning so high as to render sounding or
dredging impossible j toward s evening, however, the
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weather moderated an d the barometer rose. û wing
probably to the change of the direction of the wind
the temperature of the air 'l'as 70 C., belcw that of
the day before.

On the 27th, al a distance of 450 miles from Sandy
Hook the depth 'l'as 2,8::i0 fathoms, with a bottom
of reddish-grcy ooze contalning sorne Globigerinœ.
and a bottom temperature of r·s C. As we were
now approaching the southern border of the Gulf
Stream two sets of serial temperatures were taken at
intervals of 25 fathoms from th e surface :-

F u u;r S Er.l Y-S, SF.COS D SY.KII'.lIo

Surfaœ 18-°· ac, Surface
25 fatbom~ . l'j' . .j, 25 fdtboms , 18°' SC.
M

"
17 . !) 50

" 15 ' o
15

"
75

"
18 • G

100
"

17 ' G 100 "
18· 3

125
"

125
"

li' ' 9
150

" li ' G 150 "
18 . :2

170
"

17 . 8 175 " 17 ' 8
200 "

17 · 8 200 " 17 ' 7
225

"
17 . 1 225 "

17 · 6
250

" 17 ' :2

The small dredge was put over eaely on the fol­
lowing morning with a bread-beg Iiniag to the net
and a 28 lb. weigh t slung to the tangle-bar. In the
forenoon a sounding was taken in 2,675 fathoms with
ft 'hydra ' machine weightcd with 3 ewt. having a
wntor-bott lc and two thermometers attached. It
sceme that the weights did not dcta ch, for there wae
a great strain in heaving in und finally the Iine
parted, and the observations on temperature and on
the specifie gravity of th e water were last. The
dredge came up with a small qu antity of mud
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containing many shells of foraminifera ; t he tluest
part of t he mud having been, as is usunl nt thesc
grea t depths, alm ost vntl rcly wnshed t hrough the
bread-bag. The dredgc containcd no unimals higher
in the scale t hau Ioruminitera which wc could say
with aDY eer ta inty had come t'rom the bottom.

On t he 29th it wus hlowing hard with n hcavy
s'Weil, and our firs t nttcmpt to take a series of tem­
pera tures was unsucccssful. In the morning th e
starboard wheel-rope wus cnrri cd nway. and t he
necessary repairs cau sed sume delay. Lat er in th e
day the swell modera h-d s .mewhut , and wc took a
temperature sounding dowu to 050 futh oms at inter­
vals of 50 futhoms (App;:ndix A), an d of 25 fathums
10250 :-

Surface I ~ J · ac, J;,1' r...thome Iio. re,
25 fll.tboms 1il . :1 l ,i;

"
li . li

50
"

1"" . :! :!un
"

11 . .(

7.
"

11:1 • :! ~~;-I

"
1i . :?

100 "
,..1 ~.'jO

"
1t . 1

123 "
l x . II

'l.'here was as yet no l'b e in t he su rfa ce tempera­
ture sufficiently marked to indi catc t hat we were in
any way affected hy t he stream.

On the 20th of April , at S A. I I., the temperature
of the sea-surfacc wus 18°·a C., much ns before ; wc
took a sounding in t,J~;j fathoms with a bottom of
grey roud and a bottom temperature of r ·s C. 'l'he
swell was still heavy, end sounding operations were
carr ied on with sorne diJIiculty; wc were able, how­
ever, to get a set of temperature soundia ge from
BOO 10 1,500 fathoms to complete t he series of the
previous evening. During the day we made about
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five knots an hour in a west erly direction, and at
2 P.:\!. the t emperature of the sen-su rface suddenly
rose from 18"·n C. ta 22" C., showing that we had
slipped ovcr the southern edge of t he Gulf Stream;
owing to the cloudy and sornewha t hcisterous weather
Httlc difference was seen in the appearance of the
water. At 8 1'. )!. t he surface temperat ure of the
water had rcnchcd 22""8 C., whilc the t hermometer
in the ai r stood at 17"'8 C. 'l'he posit ion of the ship
at noon was lat. ;l5"58' N. , long. 70':19' 'V ., and the
dista nce from Sandy Hook 308 miles.

'Ve began to sound early on the 1st of May, The
surface temperature wns 2r C., and the st ream was
vcry manifest , run ning past the ship and surging
up against the' Burt '« nippers ' of the sounding-line
with the rapidity and force of a mill- race. The sen
wns st ill runni ng high; two attempts wero made t a
chtnin sound ings; during the flrs t of t hese the wind
was from t he eastwm-d blowing with a force = 4, and
the our-rent dead ngniust it, t he ship Iyin g broad­
sidc on wit h hcr head t a the northward. fJ.'0 reaeh
t he hot torn as quickly as possible ,1 cwt. of sinke rs
wcrc pilcd on th e "liydrn ' tube, and a new No. 1
souud ing-Iine \\"lIS l'un Ir-ecly from t he lee side of the
ship. A f'ter a short tim o t .hc Iiue went clea r of the
ship's sidc, showing t hat t he wcight and the instru­
meute nttnched hud got bcnenth the ra pidly-moving
watcr an d thnt the ship wns being cnrried to wind­
W[\l'(1 by t he cui-rent fustor t hun sile was drifting
t hro ugh t he cur rcnt to lccward. Sail wus made to
mcreasc hcr drift , bu t i t W Il S tou nd on taughtening
t he lino thut it was still running out at a consider­
uhlo angle, and before the ship's head eould be

li li
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brought round t o steam up ta it the Hue un­
forbunately parted, and the • hyrh-n,' t wo therm n­
meters. and a wuter-b ct tlc wcrc lost . 'I'he re was
scarcely sufûcleut strn.in shawn on t he accum ulators
to account fol' t his, und the accide nt may probably
have been ca uscd hy u suddcn jerk, or by some
imper fection in the line. 'l' he ' hyd rn ' wus again
sent down with a cwt. of wcights ou a No. 1 scunding­
Iiue as bcfore, and the ship was p ut bcforc the wind.
The line was chccked l'rem timo to time to iusure ifs
heing us pe rpcnd icular as possible. Each time the
line rau out it \\,IS ccrrie d astcm in a bizh t by th e
cu rrent, and when chccked it came foi-ward cut ti ng
its way th rough the wutcr nntil it was np and dowc.'
'1'0 keep up ta the Iinc the ship wns st camed a head at
the rate of thrce knots an heur, and on t he least
decrease of speed t he liuc mcvcd ahcad, al' rather the
ship wns earrierl nstcrn. AIl ou r usuul ti tne-indica­
ti ans of t he pl'Og l'CSS of the ...oundi ug WC1'C at fault,
a nd in a most pcrplcx ing wny, fol' the rate of the
current wus nearl y tho sumo as t he ordi nnry ra te of
t he runniug out of the soundi ng-liuc, so that had t he
wcigh ts reachcd the bottcm the liuc wou Id have been
carrie d out by the watcr with the sa ille rap id ity as
hefore. 'l'hen 2,O,jO futhoms W Cl' C out t hore was
a lessened st rain on the acoumulutors and t he line
was hove in, but on the arri vul of the instruments
at the surface it wus rou nd that t he weigh ts had not
slipped, and had in fact never reached th e Lattom j

al though they could not have bcen fur fro m it, as the
t hermometers rcg istered a temperature of 10 '8 C.

1 See Reports of Uaptain U. S. Narea, n.~., te the Admimlty,
publiehed in 1874 , p./).
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In the course of th e aftern oon three series of
temperature observat ions were tak en whieh showed
that wc 'l' cre on the slope of the so-called • cold
wall.'

Rurface 23~ · ec, 200 Iathoms II o . 1C.
:?ù fathOJJl ~ 2 1 ., :!:?') 10 1

"4/,
" :H . ;j :?;')(J

"
o ,

f;/)
" :?I 7 3ùIl ., s ,

'" " :?IJ . () ;\;i (j 7 ,
"IliO

" '8 3 -1 IHI
"1:?:i

" 13 ., 5(HJ
"

;J i 5
ino

" 13 3 ;'1 ;10
"

, ;,
l ts

" 1:2 c lino
"

, • 25

The result shows thnt th e Gulf Stream in i ts
rcst rictcd sense, that is to say the mass of warm water
which issues l'rom the St l'ait of E loi-ida and courses
in a north-easrerly direct ion at a Iit t le distance from
the coast of Korth America, wus, em-ly in )lny I Si3,
at t he point wbcro wc crcsscd it and made our obser­
vuti ons, abou t GO miles in width , 100 fathoms deep,
and its ra te tlrrcc kn ots un homo 1 muke the state­
ment tlm s guardctll,'" bccnusc descript ions of the
stream ure S0 1l\l: \\"1I<.I t discrop.nu, an d 1 have no doubt
thut it varies at a considcrnhlc cxtcnt bath in rapidity
and volume, iutlucnccd hy the scuson and by differen t
mctcorolcgical conditions. lt SCClllS evident, as bas
beon nlrundy obscrvcd Ly t hc Amcrican coast
Survcyors, t hut t he Labrador rcturn current , which
is bunked up agninst the Amcri cnu coast within t he
Gulf St ream, passes ulso undc r it t o a certain depth.
Comparing l~ ig, Dl , fi diugrnm constru cted by com­
bini ng the series 01' tciupcrutures at Stations 41 and
J 2 just hefore enter ing the Gulf St ream, with Fig, 92
eonst ru ctod l'rom t he sou ndings uear the centre of

B n 2
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t he stream, wc find that at a deptb of 100 fath oms
the temperature is nearly the same in bot h; in the
former 18~ ' 1 c . and in th e latter 18~ '3 C. ; at 200
fathoms the temperatu rcs are respectlvely 17~'4 0.
and l r 'l C., and the difference het ween th em ô~·3 C.;
at 300 fathoms th e temperatures are 17° C. and 8°'2
C., and th e difference 8"'8 C. ; at ·100 t hey are 13~'7 C.
and (j'6 C., with a difference of 't'l C. Th ey new
begin once more to approach ; at 500 fathoms the
temperatures are 8~· 7 C. and 5~ '75 C., wit h a differ­
once of 3" C, j and at GOO fathoms they are 5°'3 C.
and ,j,~' 25 C., with a difference of about 1° C. 'J'he
hot tom temperature at 2,-125 fath oms at Station 42
was r·s C. and at Station ,H , just wit hin th e Gulf
St ream, it wns r '7, and it is sing ula r t hat 50 near one
of the sources of cold an d dircctly in the path of one
of th e most marked polar re turn-cnrrents the tempera­
tu rc of the botto::n water should he higher than that
of th e dccp watcr of t he Middle and South Atlantic.

wc sounded on th e morning of th e 2nd of May
nt a distance of 20n miles from Sandy lIook in 1,700
futhoms, with a bot tom of ùluei sh grey roud, contain­
ing u considerable proportion of g lobigeJ"ÎlId!, but not
what could be call cd a truc ' globigerina-ooze .' The
bottom temperature was r '7 C. In tb e course of the
tlny temperature soundings were taken down to
1,500 fathoms nt int ervals of 50 and 100 fat boms
(Appendix A) ; and al in tervala of 2510200.

Surface 1l0,OC. , 12!i futboma 80
• ac.

25 fathotlls . JO ' () J50 .. G • G
50 .. JJ . 4- 115 ..
75 .. JO ' 8 200 .. 5.5

' 00 .. 9 ' j
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Although on th e surface the in­
fluence of the Gulf Stream was
st ill feJt to a certain extent , the
contrast betw een the observations
of' this day and those of' the day
before was mo t marked ; we had
crossed the 'cold wall,' and the
temperatures registel'ed were al­
most purely tho e of the Labra­
dol' return current, 'l'he dredzeo
was put over shorfly artel' rnid-
day , and veered to 2,500 f'athoms .
It came up in the evening with
a con iderable quantity of' the
blueish clay, and the dredge-bag
contained many animals of' dif­
ferent invertehrate groups, while
a large assemblage of larger and
more st r iking forms were on the
tangles, Th e collect ion as a
whole had a decidedly Arctic
cha racter, and recalled sorne of
our dredain es on the coasts ofo 0

:N orthern E urope, although it
seemed that few of the forms
were absolutely identical. There
were rnan~r large foraminifera ;
mo t of these were or the arena­
ccous type, but thore were also
several calcar eous forms, includ­
ing large cxamples of C,'ys­
tellaria, Puloinuliu«, and t he
deli cate Orbitotitcs tell uiesimus.

Fm , !l4.- Dingrnm showl ng the re­
Intion hctwe en I1t'))lh nnd tem­
pern! 1111' al Slaho n H .
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'tar-fi. lies and ophiurid were nbundant chiefly on
the tangle ; among the formel' several fine species of
Arc ùaster apparently nndeseribed, although approach­
ing very clos ely form from the sea of Shetland and
Freroe, and amene the latter oille rernarkably large
example of Opùiomusium l!J1ll{lll i .

"\Ve took here a second specimen of an irregular
sea-u rch in which we had round previou ly at Station
"\ I II. off Gomera I land in 600 fathom , fol' wh ich I
propose the narne Aceste bellidifera (F ig. 95), 'l'his

A. Il .

Fn). 1) j . -Acnte Lellù llfrru , W YVI J.I.t; T n OlI JiUS. A . Upl'f'r HlI r fal 'j'; B. Uud er surface . Twice
t he natnrn l s lze, (l'o. 44.)

appears to he on e of a widespread and cha racter ist ic
deep-sea family to whi ch Pourta lesi« belongs. As
pointed out by J?rofe ssor A lexand er Ag'ussiz;, t his
family is certain ly allicd in' many re spect s to the
Ananclty tidœ,. but th ore are importan t points of
divergence, and when we h ave had un opportunity of
comparing t hem carefu l ly, it may possibly he necessary

,
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to define a new family fol' t he reception of a consider­
able number of kindr ed forrn s. In t he present species
the test is oval and depressed. 'l' lie ap ex, with the
ma dreporic tubercle, and two very large ovarial
openi ngs, is on the dor sal surface near the posterior ex­
t rern ity ; the mouth i rounded 01' some what irregular
in form, and is at the bot to m of a deep ante rior
g l'oove ; and nearly the whole of the dorsal surface is
oceupied by a depres sion beneath which t he an terior

FIn . !lli.-Acrste bdUdift' l"n , " · Y\'ILLF. TII O~I SOS. Inner s urface o f the test, Twice the
nntu rnl size. (1' 0.44.)

ambulacral cana l l'uns, sending up through a petaloid
arrangement of t wo double rows of pores, two series
of tube-l'cet with very large flower-Iike terminal disks,
t he disks supported by an elegant star of calcifled
tissue. The four paired ambulacra are slightly
marked compared with t he odd amhulacrum, a
slender tube runnin g under the ranges of ambulacral
plates und giving otl' simple processes to single pores.
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The excrctory opening is at th e posterior extremity ;
only tw o ovaries are dcveloped, and the cggs nppear
to be very large at t he ti mc of expu lsion, correspond­
ing with th e great sizc of the ovnrinl openings . The
apica l plates are arran gcd in the usunl wa)' . and not
, disjunct ' as in P ourtaleei«, which might sccm to
ind icate a wide difference bct ween t he two genera ;
but 1 am inelined to t hink thnt the wcight of re­
semblances is in f'UY OUl' of thel r approximation. In
this species thore is a singular ingrowt h of the

plates of the peri som which cau ses them 10 ovcrlap,
and shows very dist inctly, as in Calreri«, thut th e
umhulacra l ranges of plat es are essentially tCÎIMn the
interambul acral (F ig. !JO). Th e specimen exami ned
was slightJy distort ed.

On Saturday t he 31'<1 wc soundcd in 1,2JO fathoms
an d lowered the drc dgt-, which aguin ga re us a very
full sample of OlC faunn . Sta r-ftshcs all tcd to the

genus .drchoeter wcre once more most prornincnt, and
among these werc scvcral specimens of a yel'Y beau­
t iful Iit tl c sca-star, wlrich 1 propose to nnmc Porccl­
Ionoster ccruleu«, mo st netu-ly all icd to CÜ'lIot1iscU8,
bu t prescnting m :lllY markr d differences. 'J'Ite disk
in a full-sized exu mplc is about 20 mm . in rliumeter ,
an d length of t he unns )l('urly equnls thc diumcter- of
t he disk. 'l'he ad-umbulucrnl plates arc iaq;c, and
each beurs usuall y two Iluttcncd somcwhat irrcgulutly­
sha ped epines. 'l'ho sc plutcs form inrr the ungl cs of th e
mouth arc unusually flat ten ed and expnndcd. 'l'he
marginal plates are of large si... r- , und arrangerl in two
rOW8. The surface il; Ilncly grunu lur, and each plate
of the upper series beurs Deal' it a inncr cdge a
roundcd tubercle. '1'110 1\\'0 terminal marginal pla tes
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on each arrn are fu scd togethcr and bear two
diverging spines, one on eithe r side, and above these
on the dorsal aspect a central spine set on a low
t ubercle, In t he re-entering angles between the arms
t he two cent ral pairs of marginal plates are closely
covere d . with minute flattened scales inserted on
edge and arranged in vertica l row s. This is a most
character istic sty le of or nament : it looks as if there
were a little brush between each pair of arms. The

Fw. ~lj.-I·fj rcrllallflsti·'· r:r rulc/l$, ,," Y" Il . U ; 'l' IIU),!:iUS. Ornl surtuce. Xatnral si ze. ( :\0. 4:; .)
"

peri som of t he dorsalsurfuce is loaded with narro w
calcareous p lates whi eh l'un together townrds t he ends
of the ar ms so as t o form an almost continuous
calcareou inve tment ; paxill rc are scat te red over
the disk , and t he outer lay er of t he per isom of the
disk lins a vcr~T deli cate colom' ranciue from .a pale to
a tolerahly si.rong coba lt-b lue. 'l'h e cnlcnreou plates
ar \ clear wh ite with somcwhat of a porccllanous
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lu tre, and look harder than the surface plate usual ly
do in star-flshes. The madreporic tubercle is large
with sub-parallel groove and ridee ; the excretory
opening is very di tinct in the centre of th e dorsal
perisom of the di k. 'l'hi is a very widcly di tributed
deep-water pecies. ,Ye met wi th it near 'l'ri tan
d'Acunha, in the outhern Sea, and in the Torth
Pacifie. There i an allied species of the ame genus

Pro. ft8.-Porctl ltUlllt la ctruleu8, \\' Y \"l Ll~E TIIO)'ROS. DOr&.l1 surface, Xntllral s lze. (N'o. 45.)

somewhat more ornate, and of an orange instead of a
blue colour in the China Sea.

'l'he same haul gave us a singular little addition to
the family to whieh Po urtalesia and Aceste arc re­
fer red. A êrop c rosira t« (Fig. 99) is a small species,
li t tle more t han a centim ètre in length , Like P our­
talesia, it is nearly cylindrical, and the odd interam­
bulacral area is greatly prolonged backwards, and the
excretory opcnin g brought up upon the apical aspect.
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'l'he apex with a peculiar madreporic tubercle, with

large pCi:forati ol1s and four ovarial openmg with
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long exsert-ovarial tubes, is a little in advance of t he
centre of t he ÙOI'S:tl surface uu rl j ust with iu a kind or
disk surro unded hy a scmitn. 'l' he autcrio r amhulu­
cral canal l'uns d OW11 the centre of t hi s disk , and gi vcs
off eight or t ell dispropor tionately large t ube-feet
with large term inal rosettes as in A ceete. 'l'he mouth
is round and opposite t he apex, ft litt le fu rthcr for-ward
than the centre of the ora l su rface of the test. 'l'he
mouth is surroundcd h,\' a r ing of large ora l t cntaclcs.
'l'he body is sparsely clot hcd with fi ne silky hrist les,
interspersed wit h lal'gcl' paddle-shaped spiucs.

The tempera tu re both of t he ail' and of t he scu wus
considerahly Iowcr thun on t he prcvious day . 'l'he
distan ce from Sandy lluok wus l:m miles at uocn.
'l 'he following day wc ultcred OUl" course t c wanls
H ali fax and procccdcd urulcr stcam. On t he üth of
JIay we sou nd cd in 1.:3G fj futho ms, with a bot tom
temperat ure of 2"'3 C., t he te mperatu re of the surface
havinc now sunk to ·1" 1 C. 'l' he drcde c brousrht ul'o 0 n
a small quantit v of e rc v m ud und the 1<11\ ,,'1es werc• o. ' n
covered wit h unimnls (J i' vurious ki nds, purticulurly
sta r-flshes, includiu g li lal'~. : n umbcr of Il tine spec ics
of t he gcnus Z O/,I)W 't c l ' ,o lllany cxurn plcs of ail AHtJ"O~

pecten ncarly ull ied tn ,11 . ü:llu isp iuUIf of whioh it is
probably only u vuricty, but much more roh ust ;1!l(1
lighter in colom' thau t he European specimens ; many
gay specimens of B rieinça cndecucnemoe, us usual
greatly broken but sorne rc t ained five or six arm s in
connection with the disk. Ducing the grcatc r par t
of the day thore was a vcry hrilliant halo round t he
sun showing prismat ic colours. 'l' he day was qu ite
calm and slightly hazy.

May 7tlt,-1Ve soun dcd and dredged in l ,:n O
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fathoms, a slight cu rrent r unuing to the eastward.
T he bottom wus gl'(~Y mud with many foraminifera.
'l'he dredgc came up about mid-day with a t remendous
stra in, and wc found t hat a hu ge block of syenite
weighing ;j cwt. had got j ammed bctween th e mouth
of t he dredge and t he arms. " .c had sorne clifficulty
in get ting our unwelcome pi-ize snfely lauded on the
bridge. There it rcmained uuti l wc left Halifax,
where it cxcited as muc h interest as any of our ether
captures. Dr. H oneymau, the energetie curetee of the
H alifax ){ uscum, wished ta kecp it as a souvenir of
the exped ition, a wish 10 which we readily acceded ;
hut somcho w 01" othcr in th e hurrj of leaving the
boulder wu.. Iorgottcn and rcmained on th e bridge ;
until , ail 0lU' rcturn '"Urage, pnssiu g not far from t he
place, wc thought it us wcll ta put it back where we
fuund it .

]IllY 8t/' .-At ;j .\. :\1. wc stoppcd on Le H ave bank
and souuded in ô L futhoms wit h a hard bottom. The
dredge W ;l S put ovcr, and nlthough the dredge-bag
wus empty, t he outsido of t he dred gc and th e tangles
wurc crowdcd with nni mals, p ï-iucipnlly echinc derms.
'l' lie most rc tnnrknblc of t hesc wns .A It tedon escrictüii,
th e great northcrn fea thcr-stur, which cdh ered in
great numbcrs b..,.. its dorsal cirri ; and many of them
were infcsted with th cir pec uli nr parasite Mgzostoma.
'I'here were many exemples of a large form of OphÙJ­
plwlis aculcata, which scems ta be t he principal food
of th e cod on th e Nova Scotiu and Ne wfoundla nd
Banks, taking th e place of Op ltiotlw i.1: fl'a!Jilis off
Pœ l'OC, th e north of Scot land, and t he Dogger Bank .
I n t he afternoon lines were out aIl round th e ship,
and up wards of a h undred cod were token, t he largest
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about 30 lbs. weight. The stomachs of all of them
were full of th e Opltiopliolis. " 'c rcachcd H ali fax
on t he mor ning of t he 9th . 'I'he wenth cr wns Yer~'

fine and perfectly stt ll with a Iigh t mist , nnd as wc
steamed up th e hay there was a mast extrnordiunry
and bewilderlng rlisplay of mirag-e. T he sen and the
land and th e sky wcre liopclessly confused ;- a11 t he
obj ecte along t he shore drnwn np ont of all pro­
portion, the white cottages sta nding out like pil lnrs
and Iighth ouses : and nll the low rocky isla nds
looking as if they wcre crown ed with lmft lements
an d towers. Low ha1.Y islands wh ich 11:1.11 no pla('( '
on th e cha rt bounded the horizon , nrul fadrxl awa~'

'l'hi le one was look ing at tll C111 . The l it tl e ooastiug
vessels with t heir hulls drnwn nI' looked as if th ey
'l'cre standing on pedestals , whi!c abovc th em thci r
inverted images on th e soft ~r('~' mist wore more real
and deâ nite than they were themsclvcs. Xnno of us
had ever seen snell an cxtrcmc cffcct belote, nor have
we seen anyth ing Iike it since .

Comi ng directly from the r-ich vogctntion and t1 1l'
lovely sub -t ropical "pl' in~ wcnthcr of Ik-rm udas, HU'
first view of t he country nhout Hnlifux wns ccrt uinl v. .
hy no menu s nt t racti vo. The low J'olli ng' hi ll .. nI'
granite and metumorphic rocks oovr- rcd wi th SUlnC­

wh at et unted pme-woods, rcrnind onc of sorne of t1 1l ~

tamer parts of Sca ndinnvia. "~hcn wc arri ved t he
weather wes still chilly ; on the Suturdny bc fore
there had been a full of snow, and the l'l'os t W 3 s

still in the ground. 'l' he dcciduous trocs wcre lcnf­
less, although t he large ci-imson huds swcllcd fast on
th e maples during our stay ; but t he pinea and the
hemlocks were in great bcauty, just hcginning to
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send out t heir new Ieaves. Eaely in the forenoon wc
were alongside of the coaling wharf. H alifax is not
a pretty town. It remind s one greetly oî Greenock
or a second-rate Boglish scaport, with its dull streeta
of square bouses blackened with coal-smoke. The
houscs are almost all built of wood, and there is no
nttempt to lighten th e effcct hy iutroducing colom'.
I n t he cent re of the to wn thore are sorne rather
hotter- st reets, with gooù shops and one or t wo fair
publ ic bu ildings. The Post -offi ce is one of thèse,
and in one of its Sp31'C rocms t he local ::\Iuseum has
tcm pomry accommodation. The collecti on is a very
miscellaneous one, but it cont aius man~' good tbings,
among th em sorne henuti full y-st uffcd birds, the work
of :Mr. Downs, an old gent lema n who has devoted
his life, partly as an amate ur nnd parUy as a
matte!' of business, to th e prcpnrn t iou of objects of
nuturn l hist ory ; and, simpl)" h~' bccomlng int imat ely
ncqunintctl wit h them in th e fleld , lias ncqu ired a
rlextcri ty in reproducing t heir chnructeristic atti­
ru des, pnrticulnrly in l'l'pose, which I hav e oevel'
secn surpnssed. 'J'he collect ion of specimens illus­
t rat ing th e geo logy of Xovn Scot in, which is under
t he special supei-iutcndcncc of' Ur. H oneyman , the
Governmeut gcologist , is nlsc very good, and highly
instructive to a Rritish nnturalist.

At H alifax I hnd th e pleasurc of meeting an old
Edinburgh fuicnd, I' rofessor Lnwson, und he and 1
hnd somo excursions, as plonsant as the cold damp
wcnth cr would nllow, round th e town and in to th e
border of the 1 forest prl mevnl,' which st retohcs away
to th e westwnrd towards t he Bay of Fundy, the Basin
of Minas, and the 1 benutiful village of Grand-Pré. '

Ge
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Spring was just break ing, and the sprlng plant s, most
of th em unfamiliar to Scot tisb cyc!:', wcro bcginuin g
to shoot up and sho w their rlower-buds. I t wus
su-ange to see th e Saraceuln, sa pri zed and 50 difflcu lt
t o rcar in our conscrvutorics at home, cxpnnding
great patcbes of it s ruddy-veinc d vases in t he swamps.
l t ook a quantity of it t o Bermudas, a nd when we
left it was still looking fresh and eoming intu fl ower;
but 1 should th ink there wus not the Icast chance
of ils succeeding t herc, the conditions ure sc ent irc ly
differen t. Dut hy far t he most clmnning of the
Nova Scotia spl'ing' flowcrs was the ' )Iay-ftowcr '
(E]ûyœa "epeJls), wh ich a weck Dl' t wo hefore hud
beon st ruggling to 1'0 1'111 ils burls hcncut h the SIlO ' \",

and was new strctchine out its lotie tra ilinz sill'a \'s
;:) 0' 0 . '

covered wit h trusses of pale ûowcrs, among the g l'ass
and M OSS , Day uftc r da)' wc filled OUl' robins wit h
wreaths of it, and cnjoy cd it s delicate perfumc, which
reminded one of t ha t of th e fields of L innœa borealis
in the pine forcsts of Duleeui-liu ; an d our th ouglits
wandered buck to t he 01<1 ' ,l\fay-Ilower and the
dcvoted littlc band who lcf't ail and wcnt sa t'm'
fol' the 10,'c of Cod.

'Ve drove a Icw miles bcvond Dartmout h one da". .
to see sorne gcld mines, which t hey arc afill worki ng
activcly. The mines arc in a wild, blcak picco of
country; from a hcight you cau sec t he long line
of li t tle square shed s with thcir iron chimneys and
their winches, and hcap s 1'1' ruhbish th rown out from
the workiugs, strctching along th e st rikc of th e
metamorphosed schist, while hcrc and t hore is a
erushing-mill which does t he work of severa! of t he
mines, The schist is crushcd in t he usuul wuy by
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ranges of heavy steel pestles working by steatn in
steel cylindcrs, and th e gold is then extracted by
amalgam ation with mercury, being shaken in contact
with it by a vibrating mot ion communicated by the
engine, down a long incli ned t rougb. The yield is
small but tolerably certain, and new and then they
come upon a comparat ively rich vcin to keep up th e
gamhling stimul us, which makes the direct search
for gold sa attractive ; still it sccmed to me tliat
t here wus less of the gumhling spirit among the
gold-diggers of Keva Scotia th an elscwhere , an d tb ey
seemed more stcady and industrious.

...lI"!! I Gllt.- \ rc wen t with the pbotographer to
• 'l'he Point, ' a li ttle wa)' out of the town, where
there is a H~ I·.Y astonishiug exhibition of the action
of ice. 'I'hcrc is a ro und towcr ut the top of • 'l'he
Point ,' with Il guurd of soldicrs and urountiug a few
cannon, nnd this tOWC1' sta nds in the middle of an
aron of onc 01' two !:lCI'CS, whcre th e rock, a highly
nltered Siluriun schist , il' pcrtectly bure and polished.
'J'he undu lations and coutortions in the foliations
of the schist arc sccn in sectiou on the polished
surface ; and trnvcrsing thc sc sinuous murk iuga there
is il womlc rfu l sys tem or parul lcl ru ling in groovcs
of grcntcr or Iess dcpth, crushcd into the stone by
boulders und fragments of rock horne by t he tee-cap
in its slow p l'Ogl'CSS ovcr il. On ou r 'l'ay Dr . H oney­
mun pcln tcd out to us, and wc photogruphed, a very
wcll murked synclinal uxis in the schist , exposed in
section in the sen-cliff This axis seemed to he th e
key to th e structure of the whole dist rict , for the
schists dipped down to it, in different directions on
cither l'ide, for a long distance, P rofesser Alexander

cc 2
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Agassiz paid us ft short visit from Boston during
our stay, and wc hall grent plensu re in in t rotlucing
him to sorne novelties in his favou rite ql'OUPS, and
chatting over our plan s with hi m.

On the morning of th e Lâth a la rge number
of th e members of th e :K0,"3 Scotiu I nstitute and
th eir friends came on board , un der the guidance
of Dr. Honeymon, and wc took them over the
ship and showed th em nll QU I' appliances ; and
at ..1, o'clock in th e nftern uon wc cast off from
the jetty and procccrled on our return yoyagc to
Bermudas.

On the following murning wc soundcd in ,.,a Iathoms
on the eastern extremi t v of I A~ Have hank , wit h a
hottom of stones and g'l'avel. and a hottom tempera­
tu re of r '7 C., thut nf t he surface hcill ~ ·V'7 C. Foul'
hauls of the d recl ~e W f ' I'C tnkcu in rupid succession,
the dredge remninin g on t hc hott ant on cuch occasion
for about an hour. ,,·c tlrus ,~ot an extrcmcly gond
idea of the faunu, which wns dccicledlv suh-aretic in
its chuructcr, wi th nlnnulun cc of' t1 11 ~ cl un-nctcrisf.ic
large am phipo d CI' IIS 1; If~('a ll'i :L1 111 l a l' .~e Pn:xo(;f) ~ lIu: .

310llusca werc 11I011' muru-rous thun usunl, douhtlr-ss
on account of the smnll dr-ptlr, including spccics
of th e genera ')'f j!io /" , P fI ,VI/ H, Bnccinntu, Trophau,
Yoldia; A.~t((1"", .-1l'Cil , &e. 'l'he nn nclids werc
rcprcscntcd h)' a large form nllled to A/J'n'otiita,
whi ch was in great numbers, OlluJllliR, S (,!Jella, nnd
othcrs ; and the cchi noderms, which ns usuul wcrc
ahundant and prom incnt, by fine spr-cics of th e
genera A lJt l'ogfm i llllL und A rctuuder: a fcw urehins,
including Trip!I/ua fragil is; and many of a small
Psotus, probably P. 8quamatu8, ?toI ÜL1.ER. A series
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fiO fath oms .
l'l3 ..

rmmmum temperature of
a depth bet wcen 20 and

of eoundlngs was taken at every 20 fat homs from
the sul'face,-

Surface -I ~ . j' C o

~o latboma . . 3 · 2
-1 0 .. 1 . i5

which showed that the
r ·7!:; C. wns rcached at
40 fathcms.

" Oc sounded and tmwled agnin on t he following
day in 1,250 fathoms wit h a bottom of g rey ooze, and
a bct to m temperatu re of 2?·7 C. .<\gain echinoderms,
inc1uding A ntcdon, Brisill[/(/, .d rchaeter, and Opldo­
JJIlf.'ûum prcdominnted : but wc hnd in addi tion sorne
good eomls, and nmong thcm sorne specimens of
C(Il"!loplt!Jlliu bo/'ealia of nu unusua lly large eize.
Sticking ull ovci- the ou tsidc of t he brl g, there were
Hmll)' examplcs of Il smnll Llolothurinu, with an outer
wall so delicate that in ulmost C'·CI'j' case t he intestine,
whieh was londcd wlt h oozc, hnd broken through it
und destroycd the specimen.

'l'he dcpth on t he ~~nd wus 2,020 Iathoms, and the
but tom an impure glohigcriuu-oozc. Seriul t empera­
tu rcs wcrc takcn (Appendix A.). und wc essayed to
drcdgc, bu t t he drcdgc-ropc purted at 1,700 fa thoms
without 1111)' nppnrcnt cause. 'I'hcre was D OW a
"cry dccid cd l'ise in t he surface temperature as we
uppruached the northern borders of the Gulf-st ream .

Next day wc souuded in ~,SOO futhoms. "~e t ook
a series of tempera tu re sou ndings, but a very heavy
swcll from the sout h-west prcvcnted our dredg­
ing. At about 1 o'clock A.M. there was a sudden
rise of the thermometer nt t he sen-surface from
1 ~"-2 C, to 18"·2 C., and it l'ose stcudily during the
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next eight bours up to 22° C., showi ng that we land
enterre the Gul f-st ream curre nt. Th e passage from
the duli green colour of the Arctic reflux to the deep
blue of the Gul f-stream was very perceptible on this
occasion. ,re continued in the Gulf-stream until
shortly after midnight 0 11 the 25th, when a sudden
change in th e temperature of the sur face of the sen
from 220'2 C. to 1 8~ C. shcwcd that wc bad crossed
its southern limit. I n cmsstng the Gulf-stream in
bath directions tl,c alternate bands or interdigitations
of werm and cohl wntcr wcre very perceptible. H alf­
hourly temperatu re observat ions were tnken (Appcn­
dix D.), and th e rl ingrum 1'1.XI I. is construc ted From
the general l'l'sults.

I n a formel' volu me (' 'l'he Dcpth s of t he Sen;
Chapter VIII.). I have given 11 general uccount of
the Gulf-stream, uud 1 have ent cred somewhnt Iully
into th e l'l'cent cont rovcrsies rcgnrding it s orlgin and
influence. Silice that bo ok wus wrl tt cn, greatcr
har mony of opinion nppears to obtain on thèse
points. It secrns to be generally adrnit ted tha t th e
Gulf-stream is duc to th e reflux of the equatorial
current, and thnt it is not in UllY sense a modificd
case of a general ocean circulat ion prod uced by con­
vection ; and most physical gcogmphers see m to he at
one as to th e ycry important influ ence wlrich it excrts
in distributing and uccumulut ing t ropical wnrmth in
the North Atlantic, und in amcliorut ing th e climutic
conditions of th e couutrics whioh border it s eastern
shores. We have sincc hall an opportunity of trucing
the distribution of temperature in the COl'l'csponding
region of th e Nort h Pacifie, and the eompnrisou
between the two is very in st ructive. 'l'he differences
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between them are great, but wben carefully con­
sidcrcd the)" are found to be more differences in deg ree
thun in kind.

In the Pacifie the ocean area is of course vastly
greater thau in the Atlantic, and t he equatorial
current is ta the full as marked in it s phenomene and
in it s result s ; but the continuity of the meridional
land-belt is broken nem-ly oppo site th e point where the
current lias its grcatcst force, and a great part of that
force Is lest, and a considera ble portion of the eurrent
it self is dissipated, aUlong the passages of the Malayan
A rch ipelago. Pcrhups l'n'Il a lm-ger propor tion of
t he Pacifie equa tor ial cui-rent t hnn of the Atlant ic
eurrent is di vertcd northwards ; for it is guided by the
long crcsccnt io broken barri er consisting of the :Fij i
1slunds , the New 1(l'brides and Pnpua, and the branch
whic h passes down the cast coast of Australie is
compurutivcly insignifican t : but the northern division
passes at once into t he region of the monsoons, where
it is lmillcd for hulf the ycnr, and one is almost sur­
priscd ta flud the ' Kure Siwa ' a powerful, tolërably
permanent wurm cui-rent swccping rou nd the south
or J npan , und cxcrcisi ng in the North Pacifie a
thermie influence whi ch Is ccrtn inlv comparable with
t hut or the Gu lf-stream. 'l'he twc diagrnms, Fig. 100
:1l1(1 Pig. 101 rcspcctively, [Ire curvcs constructed from
scri ul soundings takcn in t he At lant ic and in the
I 'ueific, as ncur as possible ta the parn llcl Sê" K" and
t hey show fuirly the corrcspoudencc in principle and
the divergence in detail in t he distribution of heut in
t he two scus. 'l'he ubnormul curvc Ko. '.14 in Vig, 100
is from the sounding in the Labrador current within
the cold-wnll of t he Gulf-s tream ; and the abnormal
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curve No. 240, Fig. 101, is constructed from a setial
sounding in a cold current wlrich passes into the
North Pacifie from t he Sea of Okotsk, probably
through P ico or Boussole Channel. 'l'his may be
only a summer current, and due in a great measure
to the melting of the snow over the enormoue drain­
age area of the Amur and the southern Siberian
rivers. Ourves No. 80 and A. and B. in F ig. 100 are
introduced ta show what we are inclined to regard as
t he un derlap of the water of the equatorial reflux,
steadily cooling but still alm ormully warm, against
the coast of Europe. The fol1owing t ables give t he
positions of t he serial soundings :-

I x Tm: Nonm A n.\STIC On:A:'>'. (Fig. 100.)

1
co, or

Sbti..". Lotitude.
I)epth in
h lllo",• .

1700
2650
2700
2200
1675
2660
2090
1090

4;\
H
53
G5
GO
TL
80

A A
RB

3UO23' X .
;li 25
36 30
SÜ 33
38 23
38 18 !
35 3 1

BRY of ,
Const of

i l051' W.
i l 40
G3 40
4i 58
3i 21
34 48
21 25

Biscay.
Portngal.
._-- - -_._- _.---'------,

IN THE NOHTH PACIFIC OCEAY. (Fig. 101.)

Deptl , ln
~' ftlllU"''''

237
240
243
9.45
246
248
252

,
3i037'N. :
35 20 1
as 24
36 23 ;
36 10 i
37 41 1

37 62 !

1.1,00 32' E.
153 39
16G 31)
174- 31
178 0
117° 4'V{
160 17

18i5
2900
21100
2775
20fiO
2900
2740
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F ro m a depth of 300 fath cms to a depth of 1,500
futhoms, the tem peratures in th e Xorth P acifie are
greatly lower than thosc in the Xortb Atlant ic. I n
both oceans the temperatu re gradually falls for every
zone of equal depth in pasaing from west to east, as
the in fluence of th e reflux of t he equator ial current
beccmcs weakened. T he Iollowing table, which is
constructed from th e same seriel soundings which
are represcnted graphica lly in Figures 100 and l OI ,
shows at once the eastwnrd cooling, and th e much
greater condensation and accumulat ion of warm water
in the basin of the North Atlantic,

- . _ ._.- - "

l'Ol<Tll AT U HI <·. ~""T" PACl r lC.

11<1'11, , ,,
t·"u"" "...

_.._ - - - -
) In l" ·u.... 1 ) U " i lll ll lll. lIU i lll tllll . l.liol...,.... .

1
-- - -- i ----- -- - -

SUrfilcr-. 1 240
• OC. ISe. OC. :330

• OC_ UlO
• 2C.

100 1 18 - 0 10 ' 7 " - 0 JO - 5
200 1 l' ' ;) 10 -, 12 -0 , -,
300 ,. - 0 8 - 0 •-, 5 ' 0
" JO " -, •' li fi , , - 0
soc Il - 0 :; -, , - 0 s -,
. 00 10 ' :2 •" :l -, ,-,
'00 !I ' !I •- II , -:1 2 -,
~OU u - 0 :l "

, ';) , 1
!IOQ 0 - II :l -1 -) :l -, - 0

1tlllO •-. , ' , -, 1 1 - 7
1;,00 , ; , ' II 1 ; 1 -,

'l'ILe most mnrk ed phcnomenon of the Gulf-st ream,
th e condensation and superhcat ing of the wat er of t he
equ atorial current in the Cnribbonn Sen and the Gulf
or Mexico , and its ejection in u defined hot stream
thro ugh th e at ra it of P lorida, bas no parallel in the
I'uciflc, and the ' Kure Siwa ' must be regarded as
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representing that diffused portion of the reflux of th e
equa torial current which passes northwurds ou tsi dc
the West Indiau Islands.

On the 26t h we soundcd in 2,050 fat hom s. Seri ul
t emperature-soundings were tu keu to 800 fat homs;
during t he operation however wc met with rather a
ser ions loss, for the souudiug-line with seven ther­
mometers at tached fou lcd t he propcller und was
carried away. On th e 2ï th, the depth wns aguin
2,650 fathoms, wit h a hottom of grey ish ' l'cd clay .'
The trawl was pu t over in t he Iorcnoon, and as this was
by far the greatest dcpth at which wc hud uttemptcd
to employ it, wc lookcd wit h grea t interest to t he
resul t. In the cvcnin g t he truwl rct urn ed to us in
safety, and containcd a cari did slu-imp, a number of
werm-t ubes composed chicfly of small foramini feru,
hm exemples of an irrcgulur sea-u rchin, and a
num ber of ophiut-idean s referred to the gencl'a
A mphium and Opl' Îo[J l!Jp IUl. 'l' he crustaceau lllay he
a pelagie form living at intermediute depths, fol' such
wc have rca son to belicvc cx ist an d at tain a large
size ; t he aunc lid wo hud Hot un opportunity of
detcrmini ng as t he tubes only wcro prcsent ; th e
urchin is a species new to science and of great
interest. Calynm e rcliota ( Fig. 102) is ut flrst sight
extremely like t he normal Â NAS CII YTlD.iE, indccd it
lias a close genera l rescmblancc to the cormnon chalk
form A Jl anclty /es QI;(I/a; mallY important charucters
however separate if l'rom t he genus A Jlam: !ty/es,
and until wc have hud un opport un ity of compar­
ing the wholc series I am not prepared to ~ay t hat
this gcnue may not find it e place in a family as ye t
undefined, with P ourtalosia, Acesto, and .â êrope, and
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sorne won dcrful new l'm'ms which wc have sincc round
in t he Southem Sen. 'l'he test is 30 mm. in length
and 20 mm . in hcight , and very elegant and symme·
t ricnl in form ; the outlin e is oval , slightly truncated
post eriorIy ; a long itudinal ri dge l'rom whi ch the aides
of t he shell slope off with a pleasing CUI"VC l'uns along
t he apica l sur face. 'l'he ora l surface is neurly flat,
an d a slight keel rune round it s edge, defining and
limiting it very much , as in A lUl1lc/i.!!/es .. a fusciole

---

F,... l":!.-(.',,/y'''''' ",lie ''' . II" n .. .l.~ r ",," ....s . .\ . ",.,.1 ; U. - l' i' ''' 1""1""'1. oligloU)' ~nl.fl,"'(\_
( ~o. M)

Iollows the kecl , only lcavin g it and appearing fol' fi

little pru-t of its course on the oral su rface in ndvnncc
01' the mou th. 'l'h e mout h is orul ; its long ax is in
t he direction of th e nutcro-post erior axis of the t est .
'l' he excrctory open ing il' on th e poster-lor surface
abovc t he line of th e pcriphernl ridge. 'l'h e np icul
arca is, if not tlisju nct, grcat .ly produccd ; bu t it is
di fl lcult to muke out the exact rulut ions of seme
of the termina l plates 01' the nmh ulncrul und inter-



FIG. IltJ. - Cu/Ylalle relie/l!. W H IJ.I .E THo>!H" ". Ornl an d al'iclI aspects of th e denuded
test ,

t wo post erior ambulacra end at a secondary pole at a
dist ance of about one-third of the length of t he shell
from t he primary pole near its posterior cxt remity.
'l'he st ruct ure of the ambulacra is extrem 'ly simp le,
the ambulacral canal sending a simple diver ticulum
to a single minute porc near the centre of each am­
bulacral plate. 'l'ho mouth is unarmed. 'l'he surface
of the test bears somew hat sparscly -scuttercd huir­
like spines, and ovcr the central portion or the ora l

[C II.\ I'. v,'J'Ill: A1'LAK'1'IC.

mnbulacra l er ies, 'l' he ambulacra of the t rivium
meet at an anterio r pole on the dol' al surface nearl y
oppo ite th e mouth, an d the two ovarial plates clos ing
the two anterior inter-ambulacra l series bear lar ge
ovarial openings from which, as in Aërope, tubes of
cons iderable length protrude ; what appeul's to be a
separa te plate immediately behind t hese bears the
madrepori e t ubercle; only two ovaries are developed,
an d two plates only are perforated for their du ct s. 'l' he

39
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surface and on the apical surface near the posterior
pole arc groups of delicately strfated paddle-shaped
spines. 'l'he general colour of t he test and spines is
pale green. Either th e same species or one very
neurly allicd ta it was obtaincd in considerable
numbcr nem- Tristan d'Acunha, but wit h a test not
less than 200 mm, in lcngth. The sbcll was how­
cvcr 50 extrcmely te nder and t hin that even wit h
th e trawl not a single exemple was got tolerably
complete.

Only one specimen occurrcd of a species of A mptüura
which hns not yet bcen determi ned ; but t here were
seven or eight exumples of the lmudsome Ophioglyplia
flgured in wood-cuts 101 and 105, Opllioglypha
bullcta bclongs to t he small subscctiou of the genus
with short , knottcd 81'1nS, ali t-Iike foot -pores, and
utarkcd groovcs hetwcen th e joints of the arms ;
which already contains two urctic species, O. noâoeo
und O. slulCit:ii j it is most uem-ly nllied to t he
form er of thèse, bu t t here ure lllany point s of
distinction.

'l'he diumctcr of t he disk in a full -grown specimen
is 10 nun ., und t he Icngth of th e urm is about twice
und a lurlf th e dinmeter of the disk . T he dorsal
surface of t he disk is covcrcd with rather prominent
gru nular scalcs of differen t torms an d sizes j six of
th e larger of t hese Iorm a rosette in the centre of the
disk, but they ure soparuted from one another by
bands of the scaly pcrisom, and not in contact as in
O. uodosa. 'l'he radial shields arc promineut , slightly
longer th an bread, and they nlso are sepuruted
throughout th eir entire length by wedges of perisom.
The mouth-shields are egg-shaped, very large and
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prominent, occupying ncarly the whole pa ce hetw een
t he m'ms, and running out qu ite ta the edge of th e
di k. These inflated mouth - h ields cive a very mnrked

Fl n. IO·I .- OphloglYI" 1n/mU«/<t. WVVII.I.F.TIIO>l BO" . Dor•• 1 nspuct. 'J'hr cc lI lIICR th e nntm nl
017.0. ( :\0. M .)

charaeter ta t he specics. 'l'he mouth-papillœ are
short and blunt , ahout twelve on each angle of' the
mouth; the tceth are six or cight in nurnher on euch
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angle and rather long and pointed. The under arm­
pla tes are square and prominent, apposed to one
another in series near t he bases of t he arms, but
rapidly separa ting and becoming smaller and rounder
distally. 'l'he upper l'mu-plates are small and lik e­
wise prominent. The lateral arm-plates are large
and rounded, and project Iatei-ally, which gives it s
peculiar knot ted or bcaded app earance to the arm.
'l'he arm-spiues are n~ry small, in a 1'0W of flve
or six on each lateral plate; on t he distal atm-jo ints
th ey hecome souiewhut longer. The large elliptioal
foot.pores arc friuged ail round with closely -set fiat
papillœ. Opli io!J l!Jplta (mllff{a is a species of great
intercst on nccount of its widc distribution at extreme
depths. It sccms universal ly dist ributed in the
Atlant ic and the Southern Seo. The trnwl which we
uscd on this occasion had fi heam of eighteen feet
long. and as wc calculated thnt it bad bccn dragged
for at lcnst n mil e over the hottom, it ga \'e us a fair
idcn of th e dist ribution of t he large Ionus of animal
lifc over a cons idera ble nrcn.

On th e following clay wc sounded in 2,;'WO fatlioms,
und on th e ~!Hh in 1,07;) fathoms in sight of Ber­
mu das, with fi hottom of coral mud. 'l'he dredge wns
put ovcr and \"(..-cred to ] ,GOO fut homs . It came up
at Doon with the pnsty mortar-Iikc lifclcss contents
which wc find nlmost constantly on the slopes of
coral rcofs : t he lime sediment wns mixed with a large
propor tion of t he shclls of Ptcropods und lIcteropods.
'Iwo fine specimens of n H oxnctlncll ld sIJonge 'l'cre
bangiu g to the tunglcs, both uufortunntcly dcnd and
slightl y water-worn . The largest specimen, which
seems to be nearly complete, is 120 mm. in height , and

n n
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shaped omewhat like an old-Iu hion ed tall cham­
pagne-gla s. It re t on a very olid hard base of
attachment; it then contract ta a kind of stem, and
then gradually expauds upwards ta a width at the
top of 40 mm. A deep cavity passes l'rom the
upper open end down ta the stem-like con triction.

F IG. I05.-0plt iovfllplm IIII /I ul u. \\' VVII. I.I-: TIIO"HON. Oral Il"1'"''l. l'I ve tl III C" th e nnt urnl
s izo, (No. uol.)

'l'he outer surface of the sponge is raised into spiral
ridges somewhat as in Euplcotella, and under the
ridges are irregularly spiral lines of large hales.
'l'he interior of the cup presents a very remarkablo
character, which reminds one at once of many of the
chalk ventriculitcs. 'l'he inner layer is deeply flutcd,
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thrown into a eries of alternating vertical grooves
and ridges so that the
outline of the cavity in
a transverse section is
ùeep ly sinuou s. Th e
substance of the sponge
throughout is composed
of a close anastomosing
netwo rk of si liceous
fibres; towards the out­
side the network much
res embles that of L1.plt1'O­
callistes, while on the
inner wall the structure
is trellis-like, · and the
form of the meshes square
and more reguler. Th e
spaces of the network are
crowded with small re­
gu lar hexacti nellid spi­
cules, sorne fr ee, SOlUe
cemented to the continu­
ous skeleton by attnch­
monts of sil icn. Fol' this
beautilul sponge, which
1 have every reason to
believe. is Ulule cr ibed,
1 propose the nurn e
L ofrouetla decora.

, iVe anchored in the F. o . IOO.-I.,j ro)/Clla l dccom , " ' n ' I LLE TnO>l80>l
U Natu ral size. (No. 50.)

1 I have nssociuted with this species the name of our kind friend
His Excell ency Major-Geueml Lefroy, .B., F.RS., Governor of
Bermudas.

D D 2
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evening on the Ohaddock Bank a little to the south­
west of Gibbs'-Hill lighthouse, and on t he following
day we proceeded under steam to souncl on the south­
west sicle of t he reef. l Ve took one or two hauls of
the dredge during the day with but li ttle sucees S, and
on the 31st of May we passecl through the narrows
and returnecl to Bermudas dockyard.

riAS \'un :sTI :.
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APPENDIX A,

&rial Temp"ature SoundùllIs taJ.:t:n btt1DttA St. T/I.om,tu,
&Tmudas, and Halifax, dar i1lfJ t!l.e Montll4 01 Marck,
April, and Jlay, 1873,
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APPENDIX B.

Tabk 0/ the Bottom Temperatures between. St, Thomas and
H alifax, obst'l-ved duri ng tlu Jlonths of A/arch, .April, alld
May. I Bn
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APPENDIX C.
Spu:ifi~ Gravity Obstrtati01l8 lahn bd wun St. Tlwmru, &rmudas,

and H alifax, duritlg Ou ],!01!JM of JlJarch, April, and
1JJay, 1873.
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4\0 THE ATLÂNTlC.

APPENDIX D.

(ca,U'. v.

TuUe of Md eurologital Obsertatûms vuuk in Cro.wi.ng and
R«:ro#ing t& Gulf-Stream.

! 1 TacperaUlte 01 Mf. ,
'1'."''''-...............

H~~Ë
1 · tuN uf "-

Dry BIlIb. l '!id Bulb. j~

,...... n.g. C<:DL jDes- Cu l '~ CnL

April ea-a, 1873 • . N oon. 29"93 20"6 17~ 1 ...
, 1 '.' '" ... ...

OfJ Bermudas . . 2 ' es-es 22'.2 20 '3 ...
3 1

... ... ... ...
• eseo 21'1 19"8 ...,

1 ... .. .
1

... ...• es'''' sr-r 20-0 19 7
7 ... .. , ... 19'4
s es,.. 20'• 1 20"0 1!N
0 ... ... ... IIr7

10 ..~, 2O~ 10"4 19'4
11 ... ... ... I D'

:Mjdn. eseo 20"0 19 -4 19"4
April 24th . 1 ... ... ... 1D'4, 29'~ ~I"O 19'4 10'4

13 ... .. ,
1 ... 19'4

4 28"85 19'4 18-3 J9'4
e ... ... ... 111'7• ..~ 20'0 18'3 ID'4
7 ... ... ... 10 '4• 29 '94 2.41"3 ise 1 l IN
0 ... ... ... 1 lIJ"7

10 29'"97 20'3 If1 "O , 20'0
11 ... ... ... 20V

Lal 32" 19' N.
: f Noon. 20'98 21'2 19'4 20'0Long. 60· 39' W. :

1 ... .. , ... 20-0, 20'07 2 1'1 20'0 10 '7
3 ... ... ... 19'7
4 ..., 21'1 20-0 I D~

_._--- . _- - - " .. , .. , . ,.



CH .U'• • .l THE GULP-STRE.AM. 411
--- -- -- --

TnIpuata.. or~.

1'*1.<1 ...... Poooltioa. .~~ Ila l'Ull>ek•.
Tom""...
ta .. otSea

Dry BtIlb. WdBulb. ' '''''''-
1 lDebu. De&. Cent. iDog. Cont , Dq. Ceot., 1

"'~
,

1 - 0 0 000

1
0 0 0 1s i 29" 21'1

1
19'7 20~ ,

7 0 0 0 00 0 20- 2
,,

30~ 21' 1 19'4 "'-2

9 0 0 0 0 -- 0 0 0 "'~10 30~2 21'1 19'2 " 02

11 0 0 0 00 0 0 0 0 "'~Midl1. ! 3000 21'1 J90 "'~pril 2lIth • 0 0 0 1 00 0 00 0 0 0 0 20~

2 29'S7 20' 17'S
"'~3 000 000 000 "'~, 29'S4

"'~ 17'8 "'-0, --- 00 0 0 _0 20<

e 29'9 7 20'6 19'4 20'9
7 -0 - 00 - 00 0 21'1,

30 « ' 21'5 "'0 ' 21 '1
9 0 0 0 000 000 21 '1

10 " "99 ... "'. 21-1
11 0 00 0_ 0 00 0 21'1

• 32' ""N, , :} Neon. " "99 23-1 "'. 21'1ng, 66" 33' W.
1 0 0 0 00 0 0-- 21"1
2 " -9-1 23~ "'. 21'1
3 0- 0 000 0 00 21'1, 29"92 22'2 "'0' 21"3,

-- 0 _ 0 0 000 21 '3
e 29 '86 21'7 "'-0 21'1
7 - - 0 -- - 0 0 0 20

0

', 29 '80 21'1
"'~ "'.9 0 00 --- 0 0 0 19'4

10 29'73 20. 19'7 J90
11 0 _0 --- 000 190

Midn. 2n l ~). 19~ 190
pril 26t h • 0 0 J 000 000 00 19'4

2 29'74 ". 16'7 1"
3 0 00 --- 000 re, 29 'j 5 17. ,,~ ,,~,

00 0 0 0 0 0 0 0 i a-a
e 29'77 161 13'3 " 11

7 _ 00 00 0 0 0 0 l S'9
8 29"80 16'1 13 '3 18'9
9 __ 0

0 0 0 000 ".JO 29'89 15'3 Il '7 ".
11 00 0 000 00 0 18'6

• 34-11' N, . :}Noo~ sa112 16'1 12~ ".ng. 67- 37' W, . ,
- - .- _.

A

l.&
1.0

A

l.&
1.0

1--
1

11--

1
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-- _.---~----- -,
1

I HO~
1~"'f't"I\l" "r AIr.

...,d PœlUo... BoP'OtIlel.n.
Telll~"_

l>rJ n..lb, 1 Wtt n..lb.
t".. ofS." .....

lo cha. ~~ Cellt. Deg. Cn t. Dt,. Cenl.

1 ... ... ._- 18'~

2 ..~, 16'1 12-5 re-s
3 ... ... ..- ta-a
• .... 16'4 U"2 iao
• ... ... ... la~

a sooi I -N II ~ 18'3
7 ... ... ... IS"3
a soos IH Il '7 l a~

9 ... ... ... ' a~ 1
JO 301>4 1-1'3 11"1 18~ 1
Il ... -.. ... 1"

Mldn, aoœ 14'7
1

Il'1 18'3
th . . . 1 ... ... ... I S'6

2 30.7 15-0 1 Il'6 18~
3 ... _.. .-- I S'3

• 301>7 14'4 11'7 re-a, • is-a... ... ...
i • 30'12 }.I -7 lI il ..~

7 ... ... ... la~

a 30"19 15~ 1oe ' a~
9 ... ... .-. 1 8~

JO 30 '19 16 '0 10< 18~

Il ... ... ... 18~

• "N. :}7- 32' W•• Noon. 30 '20 1[0'0 10. 111"3

1 ... ... i ... IS'3
2 30'07 16'1 12'2 18'7
3 ... 1 ... 18... . ,
• 30 '07 10"1

!
13'0 18'6

• ... ... ... 1 8~

6 30'12 IO~ 12"6 18~

7 ... ... ... 18~

8 30 '19 15'7 12'2 ,,~

9 ... ... ... ' ail
10 30' 19 ) 5'5 12~ iso
Il ... ... ... rao

Midn. 30-20 15'5 12'2 rao
th . . 1 ... ... ... I S-9

2 3025 16'1 11'4 18'0
3 ... ... ... ID"• 30.25 16'1 12'2 19 4, ... ... ... 19'4. e 30'28 18'3 12 "2 19'6
7 ... ... ... ..il
8 30~7 l a tao 2O~

9 ... ... u • , "'.,,. , - --- . . •... -

April "

W. 34
Long. 6

April 27

...
4\2
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1T....B~B .I .k .........
Dote ud. PooIItloIl. • a~ Bo-ur. ta ... ~..

nr,. Ban.. Wei BIlÜL ~

,...... 1D O&- Cea L Del. c...L 1Del. CeaL

l' 00-30

1
19'4 14"3 1 2011

Il ... ... ... ..~
lAc 34· M' N. . :1Noon.

1
Long. 6SO 30' W , 30~' i ,,~ 13'3 ...,

' .. ... ... ...• ,... ... ... , ...
; 3 ... ... ... , ...
! • ... ... ... ..., ... ... ... ..., • 30 " ,,. 12 '0$ ...,

!
7 ... 1 ... ... , ••-o
8 aO'23 , 17'2 12'7

, eco
9 ... ... ... 1 19'7

1. 30'21 17'2 13'3 ! 19'4
11 ... ... ... 19'4

Midn. 30') 4 16'7 " 0 1 19'4,
April 29th . . 1 ... ... .. . l S'3• 3Oill) 16'1 Hi"! I S'3

3 ...
1

... ... ' 83• 29iJO 15'5 16t> ,,~

• ... , ... ... 17'S
8 29·tH , 15'S '" 17'S
7 ... , ... ... 17'8
8 ..... 19'4 ,.. 18~

9 ... ... ... ,,~

1 1. "'.. 19'4 18'3 te-s
1 11

... ... ... 19~

lAc W 6' N. '1 NOOD. 2910 19'7 ,,~ l'~Long. as- M' W. .
. 1 1 ' SO... ... ...

1
• 29 '8.1 ,,< 10> 1 8~

3 ... ... ... 18~

• 29'8S ,.. 16'2 18'3; • 1 ... 1"... ...
16 29'92 17'8 16'1 18'3

7 ... ...

1

... 18'3, S 2!I'99 1i'2 16 '} 18 'a

i 9 ... ... ... l S'3

l' 1
:10'00 li'!} Hi'6 18~

1 11 ... ..
1

.. . l S'a
1Midn. 1 soor 1'j'6 16'S l S'3

Al)ril 30th , ' 1 ; ... ... ... l S'3! Il . snnn 17 '~
,

1'6 '1 18'3
1 3

1

... ... ... l S'3

1 • 29114 ,,< 16 '1 I S'3

• .. . ... ... I S'3,
1.- _. . ....
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·· - - - Tempe..t urII or Ai r . 1
--

Date anl! Pooillon. HoW'\l.
_ Telllpo",

Baromcte r. 1 t u", oUleoo
Dry BIIIb. WeI Bulb. SUrrace.

---------
Di=g. cen!..1Ilo'g. Cent. , Pei· Cent.

1
Inch ... .

6 29'93 16'6 ~ 15'6 ! 18'3,
7 ... ... ...
R 30-00 16'1 15 '3 ...
9 ... .. . ... i re-a

10 30"07 16"1 13~
1

18'3
Il

,
1'~... ... ...

t. 35° 58' N. -IINoon. 30'07 16"5 13'9 re-ang. 70" 39' W.. • 1

1
1 ... ... .. . 18'6
2 30'12 16'7 13 '9 22~

3 1 .. . ... ... 22 1)
4

1

30'16 16'7 131J 21'9
s .. ... .. . 22 '8
6 30 '18

1
16'7 , 13 '9 22'5

7 , ... ... ... 22'8
e 1 30-23 : 16"7 13 '1) 22 '8• , ... ... ... "'2

ru 1 30""

1

16"7 12'8
1

22'2
Il , ... ... ... ,,~

Midn. : 30-:12 16 "7 1 3~ • 21"7
M~y IRt . . 1 1 ... ... 22'2...

12 i 30'28 16"ï 13'9 22'2

i
3 .. ... ... 22'2
4 30-31 i 16'7 13'6 22'/), 1 • 22'5... , .. ...

1 6 , 30 '31 Hi"7 14-0 22'9

1

7 ... ... ... 23 "
R JO'37 18-3 14'0 23"

• ... ... ... 2.1'7

1

10 30-33 11'>11 12'8 23'9
Il ... ... ... 23'9

lA,. 36° 23' N.

: f('i" 30'34 16< 12'8 23"Long. no51' W• .
... ... ... 23"lJ

30'37 18"9 13"9 23"0
1 3 ... ... .. . 23"

1
4 30-31} IB-!) 14'7 23'9, ...

1

.. ... 23'9,
6 30'33 W-' 13'3 23'9
7 .. . ... ... 23'3
e 30'29

1
17'2 13' 23'0

e ... ... ... 20'6
10 30'29 17'S 14"4 19-4
Il ... ... ... 19.4

Midn. 30'25 17'2 14-4 13"3
May 2nd . . 1 ... ... ... 12' 2

" ' -" .. . - .-
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Temperature of Air. 1

Date and Position, Hours,
Tempera-

Barometer. 1tureof Sea
Dry Bulb, Wet Bulb, Surface.

-~---~.--I-I
Deg. Cent. 1 Deg. Cent.l , Inehes, Deg, Cent.

: 2 30'20 14'7 13'3 i 12'5
3

1

12'5
4 30'15 14'7 13'2 12'8
5 12'8
6 30'11 15'0 13'7

1

13'3
7 13'5
8 30'11 15'0 14'4 13'5
9 13'7

10 30'04 15'3 14'6 13'7

Lat, :}
11

37° 25' N, ,
NOOD, 29'92 15'3 14'4Long, 71° 40' W, ,

1 13'3
2 29'91 15'6 15'0 13'3
3 13'3
4 29'86 15'6 15'0 13'3
5 12'8
6 29'85 15'0 15'0 12'2
7 , 12'8
8 29'77 15"(1 13'9 11'1
9 12'2

10 29'73 14'4 13'9 12'2
11

Midn 29'66 14'4 14'3 13'3
May 3rd 1 11'1

2 29'50 13'3 12'8 11'4
3 10'0
4 29'53 12'8 12'7 10'0
5 10'0
6 29'56 12'8 12'5 9'7
7 10'0
8 29'53 12'2 12'0 10'0
9 9'4

10 29'52 11'7 11'7 9'4
11 9'7

Lat, 31'\° 34'N, , :} NOOD, 29'48 1'\'9 8'9 9'7
Long, 72° 10' W"

1 9'7
2 29'47 8'9 8'9 9'7
3 9'4
4 29'49 8'l) 8'6 10'0
5 9'4
6 29'59 6'6 6'3 9'4
7 9'4
8 29'74 6'6 7'1 9'4
9 10'4

10 29'73 6'6 5'3 9'4

--_._--_.
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T_perata.. or "'Ir.
T= ....:o.&. ud hmü<>a. ...~ ......~.

DI')' Bulb. rWet Bulb.
tG",,,, &.
Suf.ou.

i ,~..... I)eg. 0...1. t:>ea: Cc..L n..c. 0...1.

! 11 ... ... ... 9 "
1 Midn. 29"77 " 0 "0 9"
1 M ll.Y 4th 1 9", ... ... ...

2 29'80 e-s "3 10-0
; 3 .. ' ... ... 10'6,

1

29'83 5-2 "0 10"6, , 1 1O~,
1

... ... ...
• 29'89 e-s , "7 1O~,

17 ... ... , ... 9"
0 29~'

,., ... 0'0
9

,
O'.... ... ...

10 , 301lO e-, ' '0 e,lI i ... ... ... , .~

Lot. 3tr 13' :8. :1 301l> .~ ''0 .~!AlDg. 71- 'J:(/ W.• N OOD'
I

1
1

1
... ... ... 7'0

2 30'" 7~ e , 10'5
3

,
7~... ... ...

!1
, , 3019 7 0 "0 O~

1
, ... ... ...

1

11'1

1

, • 30'10 0'1 " 3 11'4,
1

7 ! ... ... ... U 'I
! 0 1 30' 16 7";; "3 11'1, .., ... ... 1 11'1
, 1 10 JO·sn 7"S 6"6 11'1

1
11 ... ... ... 11'1

Midn. 3021 O~ .'7 10'8
1 M.1 5th 1 ... 10'8, . . ... ..., , 30'" 9" .~ 10"8;, 3 ... ... ... 10-'•

i
, 30'" 1O~ ." ros. , • Il 'I... ... ..., 0 30" 10'6 9" Il ' 1

• 7

1

10-01 ... ... ...

1
e 30"26 Il '4 9'7 9", ... ... , ... ,.,

10 30"26 u -r ,., , " 3
11

,
7'0... ... , ...

U L 3V 5(f N. :1Noem. 30'26 11'1 1 O" 7'2
LoD", 69" 14' W• • ,

1 ... ... , ... 7'0,, 9 30'22 10'4 ,., ,.,
! 3 ... . . .. . 9", 30'21 129 10. IN

1

e ... ... ... Ô"

• 30'21 10'4 O~ 6·6

i 7 ... ... ... ,.,,, .1-._ ___ __ __...-- - ---
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Temperature of Air. 1

~. Tempera-
tion. Hours. Barometer, 1 1ture of I:!ea

Dry Bulh. Wet Bulb. 1 Surface.
1

--. 1

Inch es, Deg. Cent. Deg. Cent..! Deg. Cent,

S 30'21 8'9 7'8 5'2
9 '" ... ... 4'4

]0 30'24 7'8 6'7 5'0

11 1
... ... ... 53

Midn. 30'24 7'8 6'7 5'3
1 1 .. , .. , ... 44
2 30'25 6'] 5'6 4']
3 '" ... .. , 4'3
4 30'27 6'] 54 44
[, '" ", ... 4.1
6 30'28 5'5 5'3 4']
7 ... ... ... , 4'4
8 30'31 6'7 5'4

1

4'4
9 ... ... ... 4'4

10 30'37 7'8 6'7 4'4
11 , .. .. , ... 5'6

:} Noon, 30'36 8'3 7'2 5'6
, ,

l ... ... ... 5'5
2 30':37 10'0 8'3 5'5
3 ... ... .. . 5'5
4 30'37 11'1 8'3 5'5
5 , .. ... ... 5'5
6 30'38 8'9 7'0 5'5
7 , .. ... ... 5'5
H 30'38 58 53 5'5
9 ... ... ... 5'5

10 30'39 0'6 5'0 55
11 .., .. .., 5'0

Midn, 30'38 5'6 0'0 5'0
1 .. , ... ,., 0'0
2 30'37 5'5 4'4 5'0
3 ' .. ... .., 5'0
4 30'37 !'i'5 4'4 50
5 ... '" ... 5'0
6 30'39 5'5 4'4 5'0
7 .. , ", ... 5'5
8 30'42 7'2 (j'] 5'5
9 .. , , ..

1

.. , 58
10 30'46 6'9 f)'(J 5'8
11 .. , .. , ... 5'8

:} Noon. 30'46 7R 6'1 6'0, ,
1 .. , ... ... 6'1
2 30'45 6'7 4'4 5'5
3 , .. .., ... 5'5

_.._-- ._~._-~ "."-------_.

Date and POBI

Lat, 41° 15' N
Long, 65° 45 W

May 7th

Lat, 40° 17' N
Long, 66° 48' W

May 6th
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,-- --- - ----- - - -
1 Te.......I..e ..r AIF"
' ' , 1 Tr...-.-

B~~ 1 Do_ let . 1- h .. oUlU
Dry Ba.lb. Wd B!lIb. 8o>rr-.

1_ -j__I I_ _ 1

O-B

0-'

O-B

r-s

' -4

OB

4-4

ss

3-0

33

---
:.' i

o.a- Q,ltt. v.e. Cent.

40 "3 1 6 '5
..• i 5"0
2'8 ' 5'0,-,,-,,-,,-,

3-'
O-B
3-3
3~

O-B
O-B
O-B
O-B
O-B
O~
O-B
3-3
3~

3-3

3~

as
3~

3~

33
3~

3~

H
3-3
3~

3~

3~

3~

33
3'0 •
3-.,-,
0-0
0-0
0-0

B-'
.-,

---3-3

0-'

B-3

4-'

0-'

,-,

,-,

ao 1

4' 1

,~

10~

... """
~? 1
5'5

- 1

~-' 13-3

---

1

1

;'-, 1
1

i
30"53

... !
~.~ 1

~~ !

34N 9

30 :~

30'48

30'33

3046

:liN O

,.....
3043,

>
s
t
B

•,.
Il

llido
1

i 1o,
B

•
1 III
- Il

: }j Noon

1 !,
o
•t
8

•,.
Il

:Mido.,
s
3
4,
",••,.

Il
!l_

M. , 9th

At Halifax .

May 8th

Lat. 43" 2' N.
L:mg. 64"2' W.
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---

Temperature of Air.
Tempera.

Dat.e and Position. Hours. Barometer, ture of Sea
Dry Bulb. Wet Bulb. Surface.

Inches, Deg. Cent. Deg. Cent. Deg. Cent.

Noon. 29'84 8'9 7'2 ...
May 19th 1 0" ... 1

"0 ...
2 29'88 6'7 1 6'1 ...

At Halifax 0 3 1... ... ... '"

4 ... ... ... ...
5 ... ... ... ..-
6 29'92 5'5 5'0 '", 7 ... .. . ...

i
...

8 29'99 4'7 4'2 4'4

1

9 ... ... ..- 4'2
10 30 U1 4'1 3'6 3'!)
11 '0' ... 0" 3'9

Midn, 30'02 3·!.I 3'3 3'9
May 20th 1 ... ... ... 4'4

2 30'03 3'9
1

25 4'4
3 ... ... ... 4'4
4 30'07 3'9 3'0 4'4
5 ... "0 o" 4'7
li 3014 4'4 3'9 4'7
7 ... .. ... ...
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1
---~
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1 Temperature of Air.

I_--,-------I~:~~~
Burface.

Barometer,Hours.Date and Position.

- -----._------,--:----......,-----------,-----

1 10

I II
Midn.

May 27th 1
2
3
4
5
6
7
8
9

]0
11

Lat, 34° 51' N. '.} Noon,
Long, 63° 59' W, .

1
2
3
4
5
6
7
8
9

10
11

Midn.
May 28th 1 1

, 2
i a

4
5
6
7
8
9

10
11

Deg. Cent. Deg. Cent, Deg. Cent.

Lat, 33° 20' N, " }
Long. 64° 37' W, , Noon,

1
2
3
4
5

Inches.

30'28

30'26

30'23

30'24

30'28

30'a2

30'30

30'30

30'28

30'28

30'27

30'27

30'28

30'29

30'29

30'29

30'30

30'33

30'33

30'32

30'31

30'31

22'2

22'2
;

i 22'0

21'4

21'1

21'4

21'4

22'3

22'1

22'3

22'8

22'0

21'7

21'7

21'1

21'4

21'4

21'5

23'3

23'9

23'6

23'3

21'7

21'4

21'1

21'1

1 21'4

21'4

21'6

21'7
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22'2

2L'7

21'6

21'2

20'8

21'1

21'4

21'4

22'8

22'8

22'2

22'2

22'2
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22'5
22'5
22'5
22'5
21'1
22'0
22'0
22'0
21'7
21'4
21'7

21'7

22'0
22'2
222
22'2
22'2
22'2
22'2
21'7
21'1
21'5
21'2
21'2
21'1
21'0
20'8
20'6

20'5
20'8
21'2
21'4
21'4
21'4

21'4

21'2

21'7

.. - ._---------------'---------'
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1

23 "!) 23 '4 ...
Il .. ... ... ...
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