Scientific and biological researches in the north Atlantic.

Contributors
Wolfenden, R. Norris.

Publication/Creation
London : Rebman, 1909.

Persistent URL
https://wellcomecollection.org/works/gk8bqggst

License and attribution

Conditions of use: it is possible this item is protected by copyright and/or
related rights. You are free to use this item in any way that is permitted by
the copyright and related rights legislation that applies to your use. For other
uses you need to obtain permission from the rights-holder(s).

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org




| BIOLOGICAL RESEARCHES | = &
| IN THE NORTH ATLANTIC |+ — =

! R T e

| R NORRIS"WOLFENDEN

e T

T ST
.

-
iz
1




HUMATARER

22222222222



Med
K4439



A
P




SCIENTIFIC AND BIOLOGICAL RESEARCHES
IN THE NORTH ATLANTIC






Digitized by the Internet Archive
In 2016

https://archive.org/details/b28083337



WA AR Fuba i L otue Bt 4 Lomton.




MEMOIRS OF THE CHALLENGER SOCIETY. No. 1.

SCIENTIFIC AND BIOLOGICAL
RESEARCHES IN THE NORTH
ATLANTIC

CONDUCTED BY THE AUTHOR ON HIS YACHTS
*THE WALWIN® AND <THE SILVER BELLE®

BY R. NORRIS WOLFENDEN

E.ﬁ”- Af.D. (:;.r.r;rraﬁ.i Fellozy ff'.l'l the Linneaan S-::.-:'.-n-;

Fellaw g.l‘_.rh—' H-s-':-f’.i‘s:f-'.-:.l" Sﬁu'f'-'f_r; Fellsr -:II.Ir the {;-"m."m.'_,-;r-r

Saciety ; Late Member of Conncit of the Brivish Marin

Bislsgical Adsvaciation, e ; and A emmber af the Royal
Temple Yacht Club

i

LONDON : REBMAN LIMITED
129 SHAFTESBURY AVENUE. MCMIX

[ALL RIGHTS RESERVED]



[ WELLCOME INSTITUTE
LIBRARY

Coll.] welMOmec

Call

No. LY




FOREWORD

Ix the work which is recorded in the following pages, I owe a deep
debt of gratitude to several scientific friends, !mtuhl}-‘ Iy, H. N.
Dickson, of Oxford and Reading, and to Mr. E. W, L. Holt {and
Mr. Byrne) and his associates of the Irish Fishery Doard, and to
Professor Pettersson, of Stockholm, for their assistance in working
np some of the results of the ohservations made over a number
of vears on my vachts. 1 fully recognize the faect that there is
much material broucht home from these cruises, which it has been
impossible vet to overlook, in the midst of many oceupations, |1
am painfully aware of the fact, that if I wait any longer for the
completion of the study of these hiological eolleetions, I may have
to defer the publication of such results as have been arrived at
until a time too remote to contemplate. This would be unjust to
||'|__\' r],'il_"llfl!"h “']II] i].:l'fi" Flﬁﬁiﬁﬁt['tl I]ll'? ..'II]ll ] "]".";l E.]I{_'t'l.‘ﬁltll'[.' ?_':i\'{," "]],{_""il,_’.'
observations to the world in a less complete form than 1 had originally
contemplated, and hope for the opportunity to extend them at a
r"t'll"‘." ti“ll'. llilll:ﬁ' _'}I. I..IIH']..“ IIh'l"u'l' ll'"."l'll {'I“JF[‘“HE[{‘!I ti ti][' II'I_l_"L"t.iI'If_'I'ﬁ
of the Challenger Society, which, however, does not publish Zrans-
actions. 1 can “‘”I."' trust  that T|ll'_\' may  prove of mterest to
others who, like myself, have been fascinated by the study of things
oceanographical.  With all modesty 1 put this little volume out,
not withont the hope that it may stimulate others to assist science,
as I have endeavoured to do, by observations at sea, seriously
undertaken, and aceurately vecorded.
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INTRODUCTORY.

Iv June, 1899, I made a crnise round the Shetland Islands, starting
from Stromness, in Orkney, and returning to the same place, and at
four stations, north, south, east, and west, I took careful temperature
observations, and made collections of plankton with silk nets. This
region and that of the Faeroe-Shetland Channel promising to vield
results of great scientific intervest, both from a hydrographical and
faunistic point of view, and, moreover, having been hitherto but im-
perfeetly examined, 1 determined to institute periodie eruises. At that
time this area had not heen taken over by the International Committee,
the first crnise of the North Sea Fisheries Investigation Committee,
indeed, not being undertaken nntil 1902 (August 25 to September 1,
which was followed by a second eruise in December of that year),
sinee which period this area has been under systematic investigation
by the Scotch Fishery Board. The work which 1 had done in this
region was preliminary to the more extended ohservations of this
official body, and divectlv antecedent to it, and 1z therefore of interest
as giving a picture of the hydrographical conditions of the Faeroe
Shetland Channel for two years and a half previously to the observa-
tions of the Scoteh Fishery Board.!  As the plan of operations of the
latter body did not extend beyvond the Faeroe Channel in a westward
diveetion, I made observations in 1903 from Valentia to the Faeroe
Banks, along the deep-water trough of the Atlantie, not only for the
purpose of making certain observations upon the plankton fauna, but
also with the object, by hyvdrographical observations, of adding to the
official work, by obtaining physieal data of an area which did not come

' “Report on Fishery and Hydrographical Investigations in the North Sea and
Adjacent Waters,” Fishery Board for Scotland, 190:2-19053,



2 Introductory

within their scope, though adjacent to the ® official * area. During the
vear 1904 my vacht Silver Belle made an extended eruise from
Valentia (Ireland) to the Azores, thence to Madeira and Gibraltar,
and back to l‘lltf_{'hll!!{ across the H:I}' of Hi:-:(-u_r to []]_\'lll(rll’[]l.

The eruise of 1905, which at the time of writing was being
undertaken, covered much of the same ground, certain stations of the
1904 ernise being revisited, to again examine the conditions of a large
amount of Mediterranean water in the Atlantie, which formed so
striking a feature of the hvdrographical results of 1904, Professor
Pettersson having kindly forwarded me one of his current meters, an
attempt was made to use this on all oceasions possible, and the
faunistic work was largely devoted to trawling observations.

A private worker eannot hope to he equipped with the same costly
appliances in the shape of steam vessels, ete., which a body expending
Government funds may employ. Possessed only of small sailing-
ships—first, in the Faeroe Channel, of a small eutter yacht of less than
10 tons, subsequently of a ketch yacht of 1350 tons—all the work
accomplished has been with comparatively small means. But I have
taken care to have my ships equipped with apparatus of the most
perfect and modern deseription, and the rest depends only upon
accuracy of observation, and the power and patience to work under
conditions often difficult, and to a landsman even appalling, but
which to a seaman are but evervday incidents. [ would with
becoming ||1ﬂlli,'.i|_1'h' like to instance the amount of  work :u:l'ulllp]iﬁh{*ﬂ
by my vacht, as an example of what may be done by sailing-vessels of
small tonnage, and to suggest that a great deal of very valuable
scientific work might be accomplished by similar vessels, especially in
arcas which the International Council does not inelude within its plan
of operations—work which would greatly contribute to that extended
knowledge of the hydrography and conditions of life in the sea which
it is now the endeavour of combined nations to acquire. I cannot hut
think that there are many yachtsmen who would willingly give their
assistance if they were only initiated into the work, and only realized
of what great importance scientific observations of this kind may be
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in helping to solve many problems of oeeanography. This, though
a comparatively new  science, practically dating only from the
memorable voyage of the Challenger in 1876, has to-day assumed
nnmense importance.

The scheme of work of international investigations has been well
set. out by Mr. IVArvey Thompson as of three parts—viz., hvdro-
eraphical researches, biological observations and experiments, and
statistical inquivies. The latter, of course, is not possible for the
independent worker, but the scope of the two former is well described
by Mr. Thompson in the following words: ‘It is laid down as
necessary that we should extend our Very seanty |E11{n'.'|i.'llls_{'i‘ as to the
phenomena of the sea itself, the distribution of its currents, the com-
lrl}h-'uitil]l:l of its waters, and the changes that these factors undergo from
season to season, and from one vear to another. . .. It is not merely
matter of surmise, but there is already evidence at hand to prove that
the normal distribution and regular movements of many fishes are
linked with these physical phenomena, and to indicate that hydreography
holds the ¢lue to the wanderings of the shoals.  Together with these

hyvdrographical problems goes the kindred study of the plankton—a
multitudinous floating life that is \'ill’it:llﬁl}' associated with particular
waters, and that serve as food for a variety of fish.

The scientific vachtsman may contribute much valuable informa-
tion in this and many other directions which it is not necessary to
indieate here, and it is earnestly to be hoped that such may be induced
before long to enter practically into this great scheme of the study of
the sea.l

The great expeditions, such as those of the Challenger, National,
Paldivia, and many others, which have vesulted in immense additions to

b Professor O, Pettersson, Vice-President of the International Council for the
[|1x'1.lﬁkig;11l,ilrl| of the Sea, has .xllggl.'r-tl:ul to me that an association of yacht-owners,
H"i.ll!i:'ll;_,:’ to devote |ml't of thelr time to assistance in Ilrrlkillg observabions at sen.
might be formed.  Such an association should not be impossible, and T should be
willing to give the benefit of my experience to any whe should be woved by
seientilic enthusiasm to join in the work.

{2t

-
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our knowledge of oceanography and zoology, have been conducted
over lavge aveas of space.  There yet remain problems of vast interest
which can best be solved by smaller expeditions working over smaller
areas and working continuously.  Observations, for instance, which
can be taken month by month over a small selected area must vield
results of very great importance.

On these voyages the objects have been: (1) To take hydro-
graphical observations—i.e., records of the temperature of the water
from the surface to 1,000 fathoms (sometimes to 1,500 and 1,500
fathoms), along with collection of samples of water in a suitable
“water-hottle” from these depths.  These are at once bottled (in glass
bottles) on board the ship, and at the termination of the eruise the
water is analyzed to determine the salinitv. These analyses have
bheen carried out under the supervision of Dr. H. N. Dickson at
Oxford, and his reports are given below. During 1904, also, a great
many vacuum tubes were filled with water from various depths for
the subsequent analysis of the proportions of oxygen and carbonie
acid.  These analyses, which have been made by Professor Pettersson
at Stockholm, have yielded results of great interest and unportance.
(2) The collection of the |b1:lll|i!.u]1,_ or minute life of the sea, in fine
silk mets, which gives important results, besides assisting hydro-
I}_';I‘:I‘Emh:v.' i {|l.=t|_*1'|l1iniu:__f the vertical and horvizontal distribution of the
smaller animals and of plants, which, though in many cases actively
swimming, are in all cases more or less, and in some entively, at the
merey of oceanic eurrents, and which also results in the discovery of
ANy new species.

The civeulation of the oceanic waters of the North Atlantic Ocean
and the caoses of the same, which has been aseribed variously to
physical eauses—viz., the heating of surface waters of the tropical
regions, and cooling of water in the Polar regions ; to the influence of
prevailing winds ; shortly and vigorously by Pettersson to the melting
of ice from the Polar regions—are matters for subsequent discussion.
[t is thought better for the present merely to record in the pages

|'u“u'l.'l.'illg' the seientific observations which I have made from the
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Faeroe Islands to Madeira, the Azores, and the Straits of Gibraltar, the
bearing of which upon modern theories of the cirenlation of Atlantie
waters will be better dealt with later on.

For the purpose of scientifie investigations of this kind, a brief
deseription of the apphances necessary may be given.

1. Water-hottles for the ecollection of samples of sea-water at
different depths, It matters little what form of bottle is used, pro-
vided only that the apparatus can be guaranteed to collect the sample
of water from a given area without admixture of water from any layer
above or below.  Omn board the Challenger the apparatus in use was
the bottle devised by Buchanan, and which, notwithstanding * improved’
forms of apparatus, is still quite sufliciently acenvate for the purpose.
This is the form of * bottle* which has been constantly used on hoard
the Sifver Belle.  When the work was first undertaken in the Faeroe
Channel, Mills" water-bottle was used, and this is sufficiently useful
for moderate depths.  Duchanan’s bottle, which is a larger apparatus,
carries a reversing thermometer on a frame attached to the evlinder.
It is lowered and raised on a wire reeled off a drum which carries
2,000 fathoms, and the hauling on board the drum, which is fixed on
a specially-made wineh, is actuated by steam, as hand-hauling at such
{]L’|1l'|I:-3 would not be practicable.  The water-hottles of Pettersson-
Nansen are much more elaborate, consisting of concentrie tubes, with
the thermometer inside the tubes. In a new pattern, the outside
frame carvies a reversing thermometer, * which may be used instead
of the {|l-l.'|1-:-a{h'l HI{‘I'I:'II{IIII'L‘I!.'I'., or as a check on the results obtained
thereby.!  That the use of thermometers inside the lid of the water-
hottle is not considered absolutely  essential |:|_1_.' the International
Council is indicated by the remarks of Helland Hansen in the same
report := *Un account of faults in the manufacture three of them '—
i.., Nansen-Richter thermometers — were hroken during the August
cruise, so that at some stations we were obliged to use good ordinary
thermometers (with milk-glass seale), which were put into the water-
bottle after it had come up on deck.  As the temperature of the air

I Robertson, * North Sea [In.'u-.-:tigﬂti_mh,' I 54, 4 Fhidd., p- a2
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did not differ very much from that of the water, we may neglect the
errors caused by this method.’

On hoard the Sifeer Belle we have always emploved Miller-Casella
thermometers or Knudsen'’s bulhs, and we have been very fortunate in
escaping accidents by breakages. The reversing thermometer is one
supplied by Negretti and Zambra, and this and the Miller-Casella
were found to vary only two or three tenths of a degree. The air
and surface-water temperatures were taken by a thermometer supplied
from the Plvmouth Laboratory, made by Miller, Orme and Co., rising
from 97 C. to 36° C., and divided in tenths (compared with thermo-
meter 305 Riehter, and verified at Charlottenburg).  All our instruments
have been similarly verified.  The depth is recorded by a wheelmeter
reading fathoms.

2. For the collection of plankton silk nets (of bolting silk 100 to
70 mesh) were employved, and as the desire was to colleet the plankton
at definite depths, closing-nets have been always emploved when
working below 100 fathoms.  Closing-nets may be made to work
vertically, as in Fowler's net,! or horvizontally, as in Garstang’s and
the author’'s nets.  Opinions may be divided as to the relative
advantages of these two methods of fishing for plankton, but the
objection that a horizontally-towing net, which has to be towed at a
very gentle pace (with just sufficient way on the ship to keep her
h:i1'1.'|}' u]{n'in;_{}_. is never at the {lr!rtl] iln:lgitl:-il loses force when it is
realized that a verticallyv-hauled net is so raised through a hundred or
more fathoms at each haul between the opening and closing.  Besides
which it is probably of little importance in working in deep water
whether the net is, sav, at 1,000 or 900 fathoms, and, moreover, the
accuracy of the observations is checked by appending to the net-frame
one or more thermometers, A reversing Negretti thermometer is
invariably attached to our nets when plankton-fishing, and as the
temperatures in the Atlantie at known depths ave fairly constant, the

I iy, Fowler's net is deseribed in the PJ'!J!':'!'JF:Q{J"&' r‘.lf fhe }fr.lr.lfr::i_f'ir'f.rf .‘}'r.l:'!-.r'n'_aj_ He

was kind enough to superintend the making of one for me, which we used very much
in the Faeroe Channel in 1905,
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reading of the thermometer gives a pretty aceurate indication of the
precise depth at which the net has been. The net remains down
usually for fifteen minutes after the opening messenger has been sent
down, and is then closed and hauled up.

There are advantazes about the use of ]Il"}l'iﬂilll‘til]I:'!.'-f.l]-"l.fi]'l:l_[' net as
compared with one vertically actuated, in that the supposed depth is
more accurately located to within a few fathoms ; and again, that as
marine organisms usually move in shoals, a horizontal net is more
likely to capture them than a vertical net, which may pass by a
moving shoal, although it may eapture a large amount of material by
passing through a large vertical exeursus,

The chief object of these researches is to determine generally
what species are mesoplanktonie and  epiplanktonic thronghont a
portion or the whole of their existence, and to determine as far as
is possible the horizontal and vertieal distribution of various speeies,
as far as regards their relation to bathymetrieal and elimatic con-
ditions.

The desideratum of a good and effectively opening and closing net
for deep-water work heing great, the anthor and his skipper, Buchan
Ilvm‘}.', set to work to devise an apparatns of the kind which should
he effective in deep water ; and the instrument which is deseribed
briefly has been found to meet all vequirements.

The inability to determine with absolute accuracy the depth at
"u'l.'hii'l! :I]I:'I.' net, {*i”ll'r uf 'ﬁ'l'l'ril":l] o }l,“l'[?.ﬂi'lt-:‘ll II:IH_’{‘I'II iH \'.‘Ill‘liil];_'".l {II'.
course renders all rveal experimental work only approximate in its
results : but I think 1t muast be conceded that all open |u=t.--;,—._.a'_1~_,I nict=
which are not designed to open and close by messengers or other
eftective device at the supposed depth—ean only be regarded as
ineflicient in any problems of vertical distribution.!

! Professor 0, Pettersson attaches a small net to his corvent meter, so that water
samples, temperature, the velocity of the current, and a sample of the plankton of
the area can be taken at one and the same time. “Though very useful, Professor
Pettersson’s statement that this is the [}I:ll_"..' accurate test vet devised for t;.l-cing

relinble samples of plankton cannot be supported, the net being an open one with
no mechani=m for closing,
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The worst of all nets of this kind is that the amount of plankton
captured is often very small, and it is only the smaller animals
which cannot escape, while larger beasts, endowed with great activity,
can avoid the snare ; but as Copepoda form the great bulk of the
plankton in deep water, and their distribution in relation to oeean
currents is perhaps the most important, these little crustacea are
captured in sufficient quantity by the horizontally-towed net.

As it may be of interest to some to deseribe how these operations
are conducted on a small sailing-vessel, I give a short deseription of
the disposal of apparatus and method of working on hoard ship.

A steam boiler is fixed under deck, and supplies motive power to
a capstan amidships, of the type generally employed on the larger
fishine vessels.

In serizs with this is a strongly-made winch, specially designed for
the purpose by Messrs, Bullivant and Co., which carries two drums,
one for 2,000 fathoms of wire for the closing-net and water-hottle,
¢te., the other a smaller reel containing fine sounding-wire. The winch
is fittedd with cluteh and brake.

The wire used is of seven strands, galvanized, 17 gauge,-056" diameter,
each taking 520 pounds of strain, so that the total breaking strain is
about 2,500 pounds,  There is a good deal of difference in wire, which
requires to be of the very best manufacture.  Ina wire of less perfect
make, which we onee had from Birmingham, the strands overrode
the central core, so that the wire was from the first useless, the
messenger refusing to deseend beyond the obstruction eaused by the
overrviding of the wire.

In 1904 we nsed a wire of 16 gaunge, also of seven strands, 2,000
f:lt]uml.-:, 'l.'.'l-if_';||i]1_f_'; 7 ewt,, and with a diameter of '{.Hj-l”_r anl |}11;~:|,|ci]1_:_{'
strain of nearly 4,000 pounds ; but although on one oceasion in very
deep water we nearly lost the heavy closing-net through the breaking
of all the strands except one, cansed by the riding up and down in an
exceptionally heavy sea, the lighter wire is sufficiently strong for
ordinary purposes. The fact 1s that h{*:n‘}' closing-nets should not he

used in a heavy sea-way. The risk s great, and the results obtained
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are usually very small ; the violent jerking of the wire and net pre-
vents it turning and fishing properly, and throws a terrific strain upon
the whole, which is likely to lead to breaking away. On one oceasion
in the Faeroe Channel we thus lost 120 fathoms of fine piano wire,
Garstang's net, and two thermometers, a sudden strain causing the
wire to snap close to the surface.

All wire made by Messrs. Bullivant and Co. can be guaranteed to
he as near perfection as possible, and to stand any strain to which
sueh wire onght reasonably to be subnutted.

From the wineh the wire is led over a eun-metal wheel, to which
is attached an indicator which marks in fathoms the amount of wire
let out.  From this wheel the wire is led over a running wheel at the
upper end of a stout spar, which is fixed at the bottom by a hook on
to the mainmast, and by a length of good manilla rope at the upper
end over a pulley again attached to the mast, and so arranged that the
spar can be readilyv swung out at the desived angle over the bulwarks
of the port or starboard side.

In <'nl1t|1-al.l'.'|ti\.'t=|l'l.' shallow water—i.e., down to 500 fathoms—a
sounding is made with ordinary hand-line and sounding-lead, and a
sample of the hottom brought up and preserved ; in deep water the
hand-line is never used, the depth to which the water-bottle or heavy
closing-net is lowered heing read oft on the fathom-indicating wheel, a
preliminary sounding being genervally made with the fine sounding-wirve,

While it is impossible to work closing-nets with satisfaction in
rough sea-way, we have never found this an obstacle to the use of the
water-bottle, or temperature observations, and these observations were
therefore made when at sea with regularity daily, and throughout the
cruise from Valentia to the Azorves, at distances of about fifty miles
apsrt.

Descrirrion oF New Tow-Ner ror Deer Warer.

During the 1905 and 1901 ernises we have used almost exelusively
the net figured helow.  With it considerably over 400 hauls were then
made from 50 to 2,000 fathoms, and it only failed to open or shuat
at the vight time on very few occasions, and then only when used in

ak
]
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conditions of sea and weather when no tow-net could be gnaranteed
to act with satisfaction. On one oceasion, at the end of a ]ull_!_'; criise
(in 1903), one of the side-springs broke, but this was easily replaced
on Imzu‘:L and once, in 1904, when the net 'Iti]ll{:ll‘illlliltﬁ_'lii' had been
bumping against the floor of the sea, the central piston became bent,
and the weakening thus caused led to its hreakage shortly afterwards.
This, however, was quickly repaived on board. The net is designed
to tow horizontally.  As will be seen from the figure, it consists of
four detachable pieces: (1) The main eylinder, with arrangement at
the bottom for attaching weight, if necessary, and thermometers.
(2) Shiding down it a central piston which runs freely through the top
piece, enlarged at the bottom end that it may, when fully withdrawn,
eateh upon the side-springs inserted inside the upper portion of the
miain {“\'tilll].{"!' . these :ijll‘flll'_'.':-i are then [:u:-;]w[i {']ll‘“ll;_":]t the lateral .-'.|n-t:g'.,
and are designed to cateh the arms of the net-frame and hold the
lower pair in position when the net is closed ready for lowering.  The
upper portion of the central evlinder (detachable with the piston) has
strong lateral steel springs (we have found steel preferable to any
other metal for this purpose, and with proper attention it does not
rust), four in number.  (3) A funnel-shaped top piece put on over the
top springs, and which receives the impact of the large closing
messenger.  (4) The four arms of the net-frame, attached to short
metal tubes which slide freely over the main eylinder.

When the net is about to he used, the wire is run through the
Flir-itﬂll and main l‘}']itl[]l.'l' and bent on to the deviee at the bottom [:t]lih'
is cast in one piece with the main evlinder): the top piece is serewed
home on the main eylinder, the funnel pushed slightly down, the arms
raised, and the piston drawn up, so that the lower pair of arms cateh
on the smaller pair of side-springs in the main eylinder, which is
insured by raising the piston, By pushing down the funnel the upper
arms are caught on the four strong springs of the top picee, and they
are made secure |1-_'|.' '.'I.'illll|1'.'1'l.'.'i!|_5r the funnel a little,  The net i1s then
1‘{'ilii_\', :-'»t't'l]l'tr|}' l:'llh‘-i{‘tl_. for |1r'l|'l.'l_=l‘[||;_{'_ To apen it under water, a siall
messenger 15 sent down which strikes the top of the piston, drives it

down the {'}'”ijd:*l‘, the lateral :-L]u'iu-_y.-t of which recede inside, and the
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lower arms arve released, falling to the bottom of the evlinder. To
close it, a large messenger, the diameter of the funnel, strikes the
latter, drives it down, and, compressing the upper springs, the upper
arms are also released and fall to the bottom, and the net is securely
l']”."‘il’il,

The three positions of the net (1) ready closed for lowering,
(2) open as in towing, (3) closed ready for raising—are shown in the
figures on p. 11.

The whole net-frame, from the top of the funnel to the bottom of
the evlinder, is 3 feet 4 inches long when the net is opened, and 3 feet
2 inches when the net has been shut.  The outside diameter of the
L :'}'}imlm' i< 2 inches, and 1ts ]{-ugl.h 2 feet “'1}.' inches : the I{'H}_{'l‘]l
of the piston 200 inches : the top of the funnel 4} inches diameter, and
the lower end, which fits over the main evlinder, 2L inches,

The fine silk (bolting silk) net is 3 feet 6 inches long, stitched on
to a leather border of 51 inches length, which is attached to the frame.
{‘lllli.{'“l ii] ."'-h:llll",l, at T]H’ l'”ll ii’ i.‘"- U"I_T r; i”(']ll'?': ‘.qu'l"'l.{'tl'l'. :ll]ll il] I]l_'il(_‘]_'
to prevent maceration of the eaptured specimens, which oceurs in the
ascent of the net by the friction of the siles falling together, I have
for long used a ecane hoop sewn into the net a little way before the
end, which serves to keep the end of the net open, and has proved to
he markedly advantageous to the preservation of the specimens.  As
silk nets arve apt to get torn, and not unfrequently have burst under
the pressure, we have also for long now used the protective covering
of a duck-bag, inside which the silk net is freely suspended.  This has
effected a great saving in silk nets.

This net-frame was made for me by the emment engineers
Messrs. Dullivant and Co., of London, who expended mueh time and
experiment in the construction of the models, and produced a net-
frame of perfect workmanship.  The simplicity of the apparatus, and
its accuracy in opening and shutting under water, leave nothing to be
desired. I have endeavoured to give a deseription of the net without
overloading it with technical details, but a more accurate (from an
engineer’s point of view) deseription can be readily obtained from the

:-L]u-l;'i!:l{‘:ltiull drawn up by Messrs. Bullivant and Co.




EXTRACTS FROM THE LOGS OF THE CRUISES IN THE
FAEROE CHANNEL, 1899—1902,

Tue Walwin is a little cutter of thirty-six tons, originally built at
Saleombe, and was first devoted by me to scientitic work in 1594,
Manned by a ecrew of Shetlanders, than whom there are no finer
seamen in the world, she ernised round Shetland from October, 1899,
to June, 1900, visiting four stations, referrved to afterwards as L, 11,
1L, IV., once a month, taking temperatures, collecting water samples
{|Hll‘t of the tim{-], andl lh'l*l[f_l;in;,[ andl l*u”ﬂrlill;_{' |r]:|||]-:ln-|l. From the
first Buchan Henry has been in charge of the apparatus used on
hoard the Halwin and on the Sifeer Belle, in the later more extended
eruises ; and probably there are few who have acquired a more
intimate knowledge of the conduet of sueh observations on hoard a
sailing-ship than he.  In July, 1900, the little Walirin made her hirst
trip to Faeroe, revisiting some of the stations in August of that vear.
In 1901 she made other eruises to Facroe, in May and June, and revisited
some stations in the Faeroe Channel in July.  In 1902 she erossed the
Faeroe Channel in M:lj', June, and .l|||11.'._ and revisited some stations in
August. It would be tedious to veproduce the ship’s log of these
passages ; but all who know this region will admit that pitching about
the Faeroe Channel in a little S6-ton hoat is not the pleasantest of
experiences, and it needs determination as well as seientific enthusiasim
to conduet observations under these conditions.  The work was
especially arduous, beeause there was no room for steam to assist
haulage in such a small vessel ; consequently everything had to he
done by willing hands.  As an example of the kind of weather some-
times met with round Shetland in the winter-time, the following hrief
extract from the log may be taken :

13 sk ap
=
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Junwary G, 1900, —Strong eale.
Jenwary V. —A storm from the north-west, and very heavy sea, the

:"\-ll,":l'l.lll"t‘ i.l'illll .‘l.h["l"ll[fl’ll t.H Hl_‘:l,].](l“':l L |jl'-i!'|:_i' t'l.!.'E_"IIt'I.'-IIHIII' |:|H'|_'|,I'.‘-'.. l_l\'l;"l_'tlLll_'.

Januvary 27 —Squalls, with rain and snow.

Felruary 3.—The ship kept several hours in Blue Mull Sound by
snowstorm.

Feliruary 5.—Strong gale ; hoth anchors down all night in Culi Voe.
Thermometer 26° F. :

February 8.—Snowstorm with frost.

Fetrwary 11.—5Strong breeze and snowstorm ; two anchors down.

Febirwary 16.—A storm, with snow, began at 12 last night (the
ship at anchor in Scalloway Bav); at 2 am. a hurricane, the ship
dragging both anchors ; at 6 a.m. she ceased to deag any farther, but
at 8 a.n. there was a full hurvicane, nearly every ship in the harbour
dragging anchors, and three ships ashorve ; impossible to see twenty
vards for blinding snow ; foree of hurvicane ereased till 16 a.m., the
small boat t{m'ill}_'; astern having her hows {':1-1||!:|||=l1-|l'\' smashed in

Febryary 17.—6 am. some improvement, but still a whole gale
with snow. The steamer St Giles, from Aberdeen, came into Seallo-
“':I.‘f ‘H-'itl]_ .hi_"l" l.[E_"l'.l': I}F"'I.I.:!-' Fh"'l.“..“'ilﬂ:_'i:l, t]l[" ]l!’;']_f_‘ri_‘. El."ll. il]i }I{“!tﬁ 1:'_{'{”!'_'.

Felruary 15.—A strong cale.

February 21.—Strong gale from north-cast, with snow showers.

Marelt 1,—Snow,

Mareh 2—A gale from north-north-east.

Marel 9.—A cale from north-west.

Mareh 19.—A gale from north.

Mareh 25.—Whole eale north-east to north, with snow.

April 6.—Strong gale from south-east,

April 30.—Whole gale from south-west, with sleet.

July 5.—Left for Faeroe, but had to put back again.

July 10.—Double-reefed mainsail and storm-jib.

July 12.—Split mainsail in two places,

July 14, —Thick mist and almost ecalm ; had to tow the ship to
within one mile of Thorshaven.  From 15th to 15th lving at Thorshaven

with thizk mist all the time.
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Juely 20.—Left Thorshaven with light wind and ealm sea.

July 21.—Fresh breeze which inereased, at night necessitating
double reef in mainsail, and small jib.

July 22— Wind less and reefs shaken out ; heavy rain.

July :‘.‘}.,._I-:;n*llr on tresh hrecze, iu:'ri.':n-aiull_f;? =0 that at 8 [INTIE it
was necessary to reef the mainsail,

July 24.—Double reefs.

On August 16 Mr. Hodgson, who had been appointed biologist o
the Antarctie ship Discovery, left Orkney on board the Halwin to
visit some stations in the Faeroe Channel amd gain some experience
hefore leaving for his long Antaretie crmise.  After leaving Sealloway
on August 21, the ship was twice put back to Hillswick, but Auguost 24
opened absolutely ealm. However, by 2 pan. the wind was rising, and
at 10 pan. the mainsail was double-reefed amd storm-jib set.  For
twenty-four hours the bad weather continued, and the ship was put
back to Hillswick for the third time. The 27th and 28th Augusi
were fine, and station A2 was reached, after which the ship veturned
to Sealloway.

Pring the ernises of 1901, the month of June was marked by
several strong zales, so that from the 18th to the 21st the mainsail
was continuously double-recfed.

In 1901, the Walwin left Sealloway on May 13 for Faeroe ; on
May 14 was compelled to veturn to Snaraness by stress of weather.
Leaving on the 20th, and for two days under double-veefed mainsail, she
arvived at Thorshaven on May 220 Then from May 23 to 27 was calm
weather, with foo of varving thickness, bricht sunshine, and calm
on the 2sth. Having left Thorshaven on the 29th, on the 30th double
recls were requirved again, and it was necessary to run back for shelter
to Trangasvaag.  May 31, strong gales; June 1, terrifie squalls, riding
with both anchors out ; June 2, strong gales, at noon the wind dving
away, to a hight breeze at 6.50 pan. ;o on the dth and 5th reefed sails
and strong gales, anchoring the same day in Sealloway.,

(i June 15, again leavinge Hi':illuw:l_\'. for two davs with haze and

strong breeze ; on the 21st was the first day of anvthing like summer
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weather, and the first time for three days the reefs could be shaken
out of the sails. By evening double reefs were required again ! On
the 22nd, while working in a beavy swell, the wire snapped, and the
Garstang closing-net, 2 thermometers and 120 fathoms of wire, went
to the bottom of the Faeroe Channel.  There was nothing to do,
therefore, but to return to Sealloway.

Leaving Scalloway on July 3 with a new net, the 4th and 5th were
calm : the Tth, under reefed sails, Thorshaven was veached in a whole
eale.  From the Sth to the 11th with rain, fog and gales, anchored in
Thorshaven.  Leaving on the 15th in a light breeze, double reefs were
not shaken out again until entering Sealloway on the 15th.

These brief extracts from the log of the Faliin for 1900 and 1901
show what sort of weather is to be expected in this region even in
summer, and the painfully difficult conditions under which work has
to be conducted. T therefore veplaced the little Faliin by a larger
ship, the Sifeer Befle (150 tons), which, having heen built on North
Sea fishine-keteh lines, T refitted as a yacht, putting on board a steam
q-;uln-'.t:m to |u'r’['ul‘m the ||:3li|:l.f_','i-.

The Silver Betle left Scalloway on May 15 for Thorshaven, the
weather being very much the same as the Flalwin experienced the
previous vears—viz., strong gales, requiring sails reefed  Lying in
Thorshaven Harbour from the Zith, no communieation was possible
with the shore for three whole days.

May 27, after leaving Thorshaven, sails had to be reefed azain,
and the ship run back For Trangasvaag for shelter, and next day one
trawler, four smacks, and H.M.S. Bellona had sought the same refuge.
On the 29th the whole land was covered with snow. Leaving this
anchorage on May 30, with course set for the Butt of Lewis, double
recfs were l'l_':illil'{'[l next day. On June 1, sounding on 400 fathoms,
a sharp swell and the riding of the ship caused the line to break, and
100 fathoms and the 28-pound lead were lost.  On June 3 the ship
Wik |}1'n|_|.-_1'h1 to anchor i|1 :-'-rm'nuwn}'. for two ti;ll‘u':-'u |rt‘{"l.'iull:-t|}' EI” :-uli].‘-'u

close-reefed.
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L
The second ernise from Sealloway to Faeroe was started on June 13
after a week of continuous gales.  For three days after leaving sails
were double-reefed, and it required forty-eight hours of dodging round
Station A2 before it was =afe to venture any apparatus out. laeroe
was reached on June 22, and Sealloway again on the 30th, after three
days at Thorshaven. The third eruise was commenced on July &,
double reefs again necessary, and on the 10th running back to
St. Magnus Bay for shelter. Thorshaven was reached on the 17th,
and Sealloway again on the 23wd.
The *summer’ weather of 1902 was hut a repetition of that of
1901, The hydrographical observations made on these cruises are
dealt with later on by Dr. H. N. Dickson.



THE CRUISE OF 1903 FROM VALENTIA TO THE FAEROE
BANKS AND ORKNEY.

O June 10, 1903, the Sileer Belle left Valentia with a light breeze
from north-east, overcast sky, and falling barometer, and a swell at
sea growing bigeer, with inereasing wind.  On reaching the station
in Lat. 517 56" N., Long. 117 21" W., the weather was really too bad for
work. A sounding gave 120 fathoms, with a bottom temperature of
10-2° €. Bad weather continued through the night, but improved
at daylight next day, and settled down into a fine, warm day, and,
sounding in 130 fathoms, the closing-net was put down to 125 and
then 60 fathoms, getting a lot of stuft’ at each haul.  Water samples
were also taken.

Sailing and drifting about thirty-three miles west by north during
the night, as daylight came the wind and sea grew worse. At 4 a.n.,
sounding with wire and a S6-pound lead, bottom was struck at 560
fathoms, the line ® plumb® straight, the position being Lat. 517 467,
Long. 12° 15, The closing-net was put down, which, with wire
and H6-pound weight attached to the bottom of the frame, weighed
over 2 ewt. ; the lime stood quite straight, and hauls were made
from 550, 400, 300, 200, and 100 fathoms, and water samples at
every 100 fathoms from 3500. The weather completely breaking,
and sea and wind growing gradually worse, work in deep water was
almost out of the question. The ship was therefore put back to
Valentia to wait for an improvement. There she remained until
June 18, when a start was again made for deep water. Twenty
miles west of the Skellizs it eame on to blow hard, with a falling
harometer, and this continued all the next day (Friday), but Saturday
fell quite calin, and the consequence of this was that the ship never

15
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zot bevond the 100-fathom line until Sunday, June 21, when the
position Lat. 51° 34" N., Long. 12° 30" W, was reached. All day the
wind blew hard from the south, and the vacht dodged all day and
nizht with zails veefed. At 4 am. on :"h[lﬂ'u];l}', the weather having
considerably moderated, a sounding gave 725 fathoms.  The closing-
net was used at 700 fathoms and each 100 fathoms above it.  For
the next thirty-six hours the weather was very dirty, but on June 24
the ship was hove to, the wind having dropped, in Lat. 517 007 N
Long. 117 52" W., and a sounding gave 575 fathoms. The closing-net
was used down to 300 Fathoms.

After a course of 20 miles west-north-west, the ship was hove to all
IIIL!_E_!]'II., and at 5 a.m. on June 21 a Hlllm“ll;_f was taken in Lat, 51° !HF._.
Long. 127 00°, giving 980 fathoms. With such a heavy sea the
closing-net, put down to 900 fathoms, though with a perfectly * plumb’
line, captured nothing, and only water samples were taken from
D00 fathoms to the surface. Two of the thermometers to-day were
rendered useless, one having the end hroken oft’ and the other coming
up with the mercury above the index. The glass falling, and every-
thing looking as unpromising as possible for work, the ship was put
back to Valentia,

On July 5 another nseless attempt was made to work a deep-water
station ; after dodging round for three days with strone cales and
|t{lzn"1.' T PR HHHIII“IIIL'_' save I,.,II:HI Fathoms and a hottom tmu]u-r;.turp
of 4-4° the position, Lat. 50° 56" N., Long. 12° 6" W. With a double-
recfed mainsail, storm-Jib and reefed foresail and double-reefed mizzen,
the ship pitehed about all night with a very heavy swell from the north.
Next morning, July 6, the wind dropped, and in the same position the
closing-net was put down to 1,000 Fathoms, hringing up quite a decent
haul, then to 700, 500, 3000 200, and 100, all very suecessful.  The
triangle net, put down with 120 fathoms of rope in front of the net, a
JH-]mLtml ]vml, and 1,000 fathoms of x\'irv, hrought up about 2 ewt.
of chalky ooxe from the bottom, with nothing in it but a few shells.
The closing-net bronght up in the 500-fathom haul a lovely specimen

of deaunthopyra sica (vel dgassizi).
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wunning  thirty-four miles during the night with a south-south-
west wind, at 4 a.m., July 7, the ship was hove-to in Lat. 517 30" N,
Long. 127 00" W, A sounding gave 616 fathoms, bottom stones and
sand ; the closing-net was used at GO0, 500, 300, 200, and 100 fathoms,
and water :-'-:l]lll!l&":-i taken from GOO, 300, ete., fathoms.

On July 8, the position being Lat. 52° 00° N, Long. 12° (00" W
depth 2535 fathoms, with a bottom of fine grev sand, the closing-net
and water-hottle were nsed.

On July 9, Lat. 53° 30 N., Long. 12° 00 W. a sounding

cave 150 fathoms., Stations 10 and 11 were in shallow water

(=1 B=

respecting Lat. 53° 00 N, Long. 11% 56" W., depth 100 fathoms,
and Lat. 53° 30" N, Long. 12° 00 W depth 130 fathoms. Both
were worked with elosing-net and water-bottle, and on the same
dav in Lat. 54° 00" N., Long. 12° 00" W., a depth of 205 fathoms.
At hoth stations the closing-net and water-hottle were used as
usual.

At midnight of July 9 the position Lat. 54° 30" N., Long. 12° 00
W., was reached, and, double reeting the sails, although the wind was
licht, so as to make as little leeway as possible, a sounding gave 1,608
fathoms, with a bottom of grey ooze. A thick fog, with light breeze
from west-south-west, turned to heavy rain.  The net was put down
to 1,600 fathoms, and brought some staff in it, though not very much,
and also at 1,000 Fathoms, and at 800 and G600 fathoms ;_{:m[l hauls.
At 400 fathoms it contained a very fine specimen of Phronomopsis
sedentaria.  The hauls at 300, 200, and 100 fathoms were good. In
all these hauls, the weather being favourable, the sounding- wire was
perfectly * plumb,’ and the heavy wire and elosing-net almost entirely
so.  Water samples were taken at 1,500 fathoms and upwards,
Having drifted somewhat eastwards, the water-bottle struck bottom
at 1.500 fathoms, and in the subsequent haul at 1,300 fathoms it again
struck bottom, bringing up mud and ooze along with the water.
Evidently there was here a very steep bank. During this time the
,..]lip was drifting a quarter of a mile per hour. At 1,100 fathoms

there was no hottom.
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A light north-west wind carvied the ship to the next station T;Ii"t_i""
at 8 pm. on July 11, and at davlight, July 12, the position was Lat.
347 50" N, Long, 127007 W, On this and some subsequent oceasions a
Massev's sounding-machine was used, and compared with the fathom-
counter. The former strack bottom and registered 1,737 fathoms,
the latter only 1,577 fathoms. Massey's machine was evidently not
reliable in deep water. The elosing-net put down to 1,000 fathoms
brought up a small quantity of stufl, and at 700 and 500 fathoms
about the same. From 400 fathoms the net was used at each
100 fathoms to the surface. Towards evening the ship had drifted
about a dozen miles, consequently the night was spent in beating to
windward to get back to the position, and at 4.30 a.m. on July 13 the
ship was hove to, and water samples were taken from 1,500 fathoms
upwards. The work at this station ocenpied two full days.

Before the next station was reached, on July 16, four davs had ‘;T{'"""
heen spent with very dirty weather and very bad sea with a heavy
cross swell, impossible to work satisfactorily.  The position was
Lat. 55° 17" N., Long. 12° 258" W.  and bottom was struck at 1,561
fathoms.  Massey’s machine gave 1,645 fathoms, and the probable
explanation of this diserepaney is that after Massev's machine touches
the hottom, the ship rolling heavily, and the wineh not being quick
enough to stop the lead from sinking a little with every roll, the
machine keeps registering, and the more the number of rolls and the
ereater the length of time before the machine is hauled on hoard, the
greater the amount registered. A very simple deviee would eause the
machine to loek diveetly it struek hottom, and then it would he useful
and veliable.  The water-hottle was put down to 1,500, 1,300, 1,100, and
every 100 fathoms to the surface,  The work occupied fifteen hours.
During the night the ship had sailed about seven miles east-south-east
to make up for the driftage of the day and get back to the position,
anid at 6 am. on July 17 she was hove to, and with a very fine
morning, and very light breeze from north-east, and a long, gentle
swell, the ('Jur-iill_u;-tl{'r was put down to 1000 fathoms and towed for

twenty minutes, and brought up a good haul, chiefly Copepoda.  The
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hauls at 800, GO0, 400, 300, 200, and 100 fathoms were all good. The
dav was very favourable for tow-netting, the line standing almost
straizht.

On July 19 the position was Lat. 53° 47" N., Long. 10° 12" W,
and depth by sounding 1,525 fathoms. Heaving to, the elosing-net
was sent down to 1,000, 700, 00, 400, 500, and 1MW) |‘;|thmn.--.= and water
FJIH]I]]['!‘ Wene tEl]{["[I.

Sailing all might to north and east with light wind, the position on
July 20 was Lat. 56° 117 N., Long. 97 50° W., and depth by sounding
875 fathoms. The closing-net was put down to 820, 700, and 600
fathoms. At the latter haul was obtained a fine specimen of Gnatho-
phausio zoae, who with his strong spines had torn the net into shreds
for about G inches in fighting to escape. Hauls were also taken at
500, 400, 300, 200, and 100 fathoms.

On July 21, at 6 a.m., after a dirty night of wind and rain
from the south, the ship was hove to in position Lat. 56° 57" N,
Long. 9° 48" W., in 912 fathoms by sounding, but there was too
much sea for suceesstul tow-netting though the attempt was made at
SO0, GO0, 500, and 400 fathoms, so a course was set for Stornoway, in
the Hebrides.

On August 4, in Lat. 58% 24" N, Long. 8° 30/ W, the depth was
110 fathoms, and after a vertical haul with the silk net, the vessel
proceeded to the next station, Lat. 58 45" N., Long. 8° 35" W., depth
342 fathoms, and the elosinz-net and water-hottle were used at 300,
2000, and 100 fathoms.

On August 6, in position Lat. 397 18” N., Long. 8% 30" W., the
depth 841 fathoms, closing-net and water-bottle were used from
800 fathoms up, and with a fresh wind from north-west, way was made
for the next station, reached at 2 a.m. on August 7, Lat. 59° 54" N,
Long, 87 42° W, depth 720 fathoms, and closing-net and water-hottle
were used from 700 fathoms upwarids.

On August 8, Lat. 60° 29" N., Long. 8% 50" W., and depth
194 fathoms, after using closing-net and water-hottle the wind began

to rise very fast, and a dirty sky and rapidly falling barometer
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presaging a ¢ duster” from the east, wav was made for the next station, ﬁ";'lt"m
which was reached at 4 a.m. on August 9. The situation was on the
Faeroe Bank, Lat. 60° 417 N, Long. 8° 50" W, depth 75 fathoms, and
while using the water-hottle one of the crew amused himself by
catching two very large cod with hand-line. The weather still
stormy amd sea very bad, with low barometer, it was thought better to
run into Thorshaven, especially as a few ¢ odds and ends * were required.
This port was reached at 10 p.m. on August 10, leaving the Bank at
1 a.m. the same day. .
Leaving Thorshaven on August 12 with a fine and ealn t.l:l}',:f-!;'_t“m
which prevented rapid progress, on the 13th, at 8 a.m. the Munk Rocks
Long. 7° 42" W,

aave a depth by sounding of 475 fathoms, the Ihllllh heing :-.ur|rri.~ciu;_{.

were passed, and at 4 p.n. the position Lat. 617 1" N |
as much shallower water was expected here. However, it proved not
to he o hlﬂt‘, but to continue for at least 6 miles in o ||n-1‘t.h:-r]:|.' thiree-
tion, and may have extended farther, but was not explored. The
bottom temperatures showed it to be in the cold area (=057 at 460
fathoms, 0-0° at 420, 2:4° at 300, 6:6° at 200, 8-1° at 100, 10-7° at
surface ; air temperature 11-0%).

On August 14, in Lat. 60° 30° N., Long. 7° 47" W., the 1Ic-prh?-1:ti""
347 fathoms, and still in the cold area (bottom temperature = 0°5 ; at
400 fathoms 1-0°; 300, 53%; 200, 81%; 100, 56°; surface 11°4°
air 117), the closing=net and water-bottle were used as usnal.  With a
falling  barometer, reefed mainsail and mizzen at 10 p-m. it was
blowing a gale and raining i torrents, necessitating double reefs in
mainsail and mizzen and a veef in the foresail.  Hove to, the ship
rode it out, lying to, as the skipper expressed it, © like a duck.’

Next day, August 17, was fine, though the sea was heavy, and in i-'!:ft.'""
Lat, 60° 1” N. and Long. 6° 4 W, depth 550 fathoms, the temperature
of the bottom was only — 1-07 5 at 500 fathoms—0-3" ; at 100, —0-5° ;
at 300, 437 ; at 200, 88%; at 100, 94°; surface 11-6G°, air 12-0°
Haunls were also made with the eclosing-net, and sail was then made
for Chrkney, and on Aungust 20 the ship was brought to ler

anchorage in Swanbister Day, thus terminating the cruise of 1903,
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Although the elosing-net was used many times, and numerous
water samples were taken on this cruise, the weather could not be
sail to have been favourable for work, being frequently very stormy,
and with but few fine days. This, though interfering with work
with the closing-net, did not hinder the collection of a continuous
series of temperature observations or the collection of water samples

from lh-l.'||- water.




EXTRACTS FROM THE LOG OF THE 1904 CRUISE.

Tue first station visited in 1904, on June 20, was situated in Lat. Station 1.
0% 37" N. and Long. 117 41° W., within a few miles of Station K6
of 1903,  After leaving Newhaven (Sussex) on June 10, three very
[i"l;’ :ll]l:l I'Eillll IL'I_‘\.'."T Wenre {'iE!l'I’E{‘]]{'L‘II! .'.|r';{| (L t—]l(_" r“ll]'”l: [lil"‘; tlll’ lai.'l".ill'll
was passed, with a fine breeze from the sonth-west. When nearving Cape
Clear, on June 14, a very severe storm sprang up, accompanied with
a very heavy sea; at 6 o'clock it was necessary to take in a single
reef, and at 9 a double reef, and heave to. On June 16 the sea was
so bad as to necessitate running into Bantry Bayv for shelter.  This
weather lasted until the 17th.  Moderating on the 18th, but with the
wind still fresh, the ship proceeded to sea again at 9 p.m., and after
running by the patent log 133 miles, an attempt was made to work the
station. A sounding gave 838 fathoms, with a bottom of globigerina
ooze.  As soon as it was possible to do any work, the elosing-net was
put down to 800 fathoms, and a very fair haul was made, followed by
hauls at GOO, 400, 200, 100, and 30 fathoms, a fair amount of stufl’ being
obtained at each haul, amd temperatore observations at the same
depth. Leaving this station at 6 p.n., Station 2, Lat. 50% 25" N, Station 2.
Long. 12° 38" W., was veached at 4 aom. on June 21, and the wind and
sea having moderated, though leaving a strong swell, the closing-net
was put down to 1,200 fathoms, 1,006, 700, 500, and 100 fathoms, and
fair hauls obtained.  Temperatures were also taken, and samples for
oas analysis.

Here it was found that the new engine, put on hoard at consider-
able trouble and delay, failed.  When 500 fathoms of wire were out,
an experimental trial was made to raise the closing-net.  Failure
necessitated hauling on board by hand with such help as could he wot

25 *



Station 5.

Station <.

26 Extracts from the Log of the 1904 Cruise

from the steam-wineh.  This took four hours to accomplish.  Hence-
forth the old steam eapstan and wineh were therefore emploved, and
the net lowered to 1,200 fathoms. The raising on board by this
means only occeupied forty minutes.  For the rest of the cruise being
compelled to use the old tackle, limited the depth at which it could be
emploved to 1,600 fathoms. This was very annoying, as it was con-
fidently hoped hefore starting that we should be able to make tow-net
observations down to 2,000 fathoms ; but it would have delaved the
cruise too long to return to land for repairs and new appliances.
Water and gas samples were also taken at this station,

Cn June 23, 1904, in position Lat. 49° 50° N, Long. 13° 31" W, the
tow-net was used down to 600 fathoms, the lowest depth at which it was
possible to work the net satisfactorily. A fresh breeze having sprung
up, with a falling barometer and a westerly wind, it was a case of beating
to windward all night, and at 4 a.m., on June 24, the next station, in
Lat. 497 0" N and Long. 147 36° W., was reached, and the net lowered to
Looo Fathoms,  While it was down the wind shifted to south-west, and
the ship rolling badly in the trough of the sea, the net eame up again with
a kink in the wire at 55 fathoms above the frame.  This had evidently
occurred after the opening messenger had gone down, as the net was
lrl“'l]__ HI"]. tl]l' l']“:"hi.l:l:.'_“' ]ll["."'\-?'il.‘.l:ll'_;'"l‘l" Wil= ﬁt[l]ll]{'[l .l'l.'i' tl]l:' I'l'.i"h i]l t‘ll(" “'il'l'.
Takine out the kink, the net was azain lowered to 1,000 fathoms, and
this tome came np with a kink in the same I"]““'-. and both Mmessensers
arrested in it.  The net had therefore never opened, and it was
necessary to cut oft the 35 fathoms below the kink.,  Inecidentally it
furnished evidence of the perfection of the opening and eclosing
arrangements.  From 4 aam. to 10 am. was, therefore, so much
wasted time, but a third attempt to use the net at 1,000 fathoms was
rewarded by success.  As there was a good deal of swell in the sea,
not much eame up in the net.  Put down again to 800 fathoms, this
time on raising it the cod end of the silk net was split, and all the
contents had eseaped.  After vepairing, it was sent down to the same
depth, and this time the haul was suecessful.  Hauls at GO0, 400, and
200 fathoms were all that could now be done in deep water, the wind
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having backed to south and freshening, along with rain, which eame
down very heavily at last.

After a dirty night of rvain and a heavy sea, at 6 a.m. the next Station 5.
station was reached in Lat, 48° 27" N,, Long. 15% 35" W. It was 5 a.m.
hefore the wind and sea had moderated enongh to allow of work com-
mencing,  Then the water-bottle was lowered to 1,570 fathoms, and
seven water samples and fourteen samples for gas analysis were
taken, and the closing-net was put down to 1,400 fathoms. It took
fifty minutes to haul it up again, and it had opened and shut quite
satisfactorily.

Continuing the course through the night, Station 6,in Lat. 457 127 N Station 6.
Long. 16° 26" W., was reached, and the ship laid to at 8 a.m., only
30 miles from the last station, and with the sea vather rough and a
long, heavy swell from the west, the closing-net was lowered to
1,300 fathoms.  Hauling up ocenpied an honr, and though the net
appeared to have worked quite properly, there was very little in it. A
second attempt at the same depth was no more suecesstul, the entive
contents being a few Copepoda and a small Medusa. It was then
lowered to 1,200 fathoms and towed for fifteen minutes, with no hetter
result. At 900 fathoms there was a little more, and at 700 fathoms
a similar result ; at 500 fathoms the haul was much better, and at
400 fathoms it was very suceessful.  The unsuecesstul results of the
hauls from 500 to 1,500 fathoms were probably due to the heavy
swell, which, causing the net to ride up and down, is unfavourable for
tow-netting.  That the net had been at the proper depths was indieated
by the temperatures of the thermometers attached to the frame, viz.,
1,500 fathoms, 3-1° C. ; 12,000, 3-5° C.; 900, 4:2° (. ; 700, 6:4° C. ;
500, 8:5° C.; 400, 9-4° C.; 200, 10-2° C. ; 100, 10:3° C.; 0, 14-5° C.

On June 28, 1904, Station 7 was reached at Lat. 47° 28" N, Long. Station 7.
177 07" W, after a long heat to windward, with thick fog and a very
heavy westerly swell ; and after waiting hove-to for some hours in hopes
that wind and sea wonld 2o down, an attempt was made to nse the
tow-net.  After having lowered to 1,500 fathoms, and commeneine to
heave up, the flange on the wineh, which keeps the wire on the drum,
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suddenly gave way. In danger of losing the whole tackle, the device
was hit upon by Buchan Henry of winding a length of stout rope on
the drum of the wineh and driving some long spikes through the rope
into the deam.  This saved the situation, which for a few minutes was
serious, the loss of 1,500 fathoms of wire, the heavy elosing-net, and a
couple of thermometers being too dreadful to contemplate.  However,
the device succeeded admirably, and the net, when hauled up, was
found to contain a good haul ; at 1,000 fathoms the hanl was similarly
successful. At 700 fathoms there was not much taken in the net, and
the temperature at this depth was 1° C. colder than at any of the
stations of corresponding  depth  previously worked ; at 500 and
400 fathoms the hauls were verv poor—searcely anvthing in the net—
and the temperature was also below normal ; and at 200 and
100 fathoms the hauls were of no value. This station is 360 miles

from the starting-place—viz., Ireland—and all the time the wind was
right ahead, except for one day. On June 29, after a long beat to
windward, at noon, the position was found to be Lat. 46° 40" N, Long.
17°09° W,
much too bad for work with the closing-net, but water samples were

far L*]'lull:_{]l to the :--;mllh_~ but not to the west. The sea was

collected from 1,200 fathoms upwards.  The water-bottle can be used
when it would be fruitless or folly to attempt work with the elosing-
nets,  The thermoineter showed that at this station the cold wedge of
water previously referved to had been left behind, the temperature at
1,200 fathoms being 3-8°C, ¢ at 900, 50° C, ; at GO0, 9:0° C, ; at 200,
10-6° C. ; at 100, 11-0° C.

Just after tinishing the last station a gale sprang up from west-north-
west, which lasted for three days, and the ship lay close-reefed until
on July 2, in Lat. 45° 6" N., Long. 18% 14" W. at 4 a.n. the sea had
moderated sufficiently to permit the resumption of work. The closing-
net was therefore put down to 1,500 fathoms, but when hauled up
contained nothing ; at 1,200 fathoms there was a good haul, and at
1,000 fathoms a smaller haul than the last. At 800 fathoms the haul was
very good, although the temperature was very low, over 1° C. less than

at the corresponding depth at any previous station. At G600 fathoms
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the haul was good, the temperature being about 2° C. below normal.
At 300 fathoms the temperature had risen 1-5° C. in 100 fathoms.
Before noon rain commenced to fall in torrents, but at noon an
observation showed the ship to be just 100 miles south-west of the
last station (June 29). At 400 and 200 fathoms the hauls were
unsuecessful 3 at the former depth the net was found to have turned
inside out.

At 4 a.m. on July 3 Station 10 was reached in Lat. 44° 41" N.,
Long. 197 08" W., after a dirty night of wind and rain, necessitating
reduction of ecanvas,  From 4 am, to 8 am. it was impossible to do
any work, the ship being simply hove to, but at 8 am., with the
weather a little better, the water-bottle was lowered to 1,500 fathoms,
and samples were taken at that depth, also 1,500, 1,100, 900, 700, 500,
300, and 100 fathoms. Work with the closing-net was impossible.
With the exeeption of one fine day at Station 2, the sea had
been unfavourable sinee the commencement of the ernise for tow-
netting.

With a H:L{']lt, Fair wind lllll‘in}_{ the Ijight. and the sea j_[]';u]n;ul]_r
subsiding, a passage of fifty miles was made, and Station 11, in
Lat. 447 13" N., Long. 20° 05" W., was reached, and work commenced
by lowering the closing-net to 1,500 fathoms at S a.am. With the most
favourable conditions the net did not capture much plankton at this
depth, nor at 1,200 fathoms, but the haul at 1,000 fathoms was good,
also at 500, 600, 400, 200, and 100 fathoms. The weather on this day
was perfect, a light northerly breeze and gentle swell. With a very light
'l.‘.'{’ﬁf['l'l_\' breeze throuzghout the ni;_-;ht., progress was slow, and ;|E. I
on July 5 the position was only thirty-four miles from the last station,
The weather still heing all that could be desirved, it was decided to take
serial temperatures down to 2,000 fathoms, and consequently the ship
was hove to (Station 12) in Lat. 44° 5 N., Long. 20° 34° W. The

observations were as follows :
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The distance from Fayal was now 500 miles.  The evening ended in
almost dead calm, the little breeze there was heing from south-west,
and the barometer high, 3002, and steady.

At noon on July 6 the position was Lat. 43°42° N, Long. 21° 18" W,

Just forty-six miles from the last station, the sea dead calm, and every-

thing most favourable for work with the eclosing-net, and it was with
deep annoyanee that it was discovered that the opening piston of the net
was broken.  Two hours” delay was oceasioned while this was repaived
by serewing both pieces together, and the net was lowered to
1300 fathoms. It was with considerable surprise when the net came
up that it was seen to have been trailing over the bottom, and the
contents of the net were only a little fine, white sand and a small jet-
black stone. The chart gives no soundings hereabouts, but at the last
station, only forty-six miles away, 2,000 fathoms of wire was lowered
without finding bottom, so that striking bottom here at 1,500 fathoms
was quite unexpected.  Plankton hauls at 1,000 and at 600 fathoms were
successful.  There was fog all day, with occasional drizzle, and a sight
of the sun only for a few minutes at noon.

A fresh breeze springing up from the north-east, Station 14 was
reached at 8 aam., in Lat. 43° 11’ N, Long. 22° 27" W., and sound-
ing at 1,600 fathoms, no bottom was reached. Evidently the compara-
tively shallower water of the last station had been left behind.  Other
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soundings in this loeality would be of interest to determine the area
of this comparatively shallow water, but unfortunately the Silver Belle
had so much work to :,]f:l_'ull'l':l-]i:-;h that 1t was Ell'tlmﬂ.‘:'-ih]ﬁ to ilL‘lu}' for
the purpose of investigating this matter. The sea getting rougher as
the day went on, and the swell inereasing, made it quite unfavourable
for tow-net work, consequently the hauls at 1,500 and 1,200 fathoms
were very poor. At 900 and 700 fathoms, however, a lot of stufl’ was
obtained, and a still greater quantity at 200 fathoms. This day the
ship was just about 400 miles from Horta, over 700 from Bantry Bay,
and since July 2 a station had been done every day. A strong hreeze
from north-north-east put the ship at Station 15 in Lat. 427 37" N, t;jc_:lim-
and Long. 23° 35 W. At 6 aam. on July 8 the swell was too great
for the closing-net, consequently only water samples were taken from
1,500 fathoms upwards.

The wind lasted all nizght, from the same quarter, and Station 16, Station
16.

in Lat. 41° 58" N, Long. 24° 44" W., was reached at 6 a.m. next
day, July 9. The sea was, however, running rather high, and not
very favourable for tow-netting, but the net was put down to 1,500
and 1,200 fathoms, with pretty good suceess at the latter, also at 700
and 500, 400, and 300 fathoms.  With a light breeze during the night,
a course of fifty-three miles was run by 6 a.m. on July 10, and Station 17 Station
reached in Lat. 41° 13" N, Long. 25° 18" W. Being a perfect day e
for work with elosing-nets, a light breeze and gentle swell from the
north-east, the line was ¢ plumb’ steaight with the net at 1,500 fathoms,
and the haul at that depth very good, also at 1,300, 1,000, 900,
700, 300, 300, and 100 fathoms.  All these hauls were suceessful,  In
conditions favourable for tow-netting, there is not the slightest doubt
that a considerable amount of animal plankton can be nearly always
obtained in the tow-nets to at least 1,500 fathoms' depth, refuting
Agassiz's contention of an azoic zone in the ocean, which, however,
has been sufficiently disproved already.

During the night, with very light wind, the ship ran between thivty and f:':;-ﬁml
forty miles, and at 6 a.m, Station 18, Lat. 40° 35" N, Long. 25° 534" W,,
was reached. It was not intended to make a station here, but as the
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barometer was falling, and there was every evidence of a ‘blow:
coming on, it was thought better to take advantage of the opportunity
for work before the weather prevented it. The closing-net was
therefore put down to 1,500 fathoms and a fairly good haul obtained,
and a pretty good one at 1,000 fathoms, though the wind was rising
all the time; and when the net was put down next to 600 fathoms, the
sea was very choppy, and so inereasingly bad did it become that when
the net was next put down to 300 fathoms it came up torn about
8 inches across.

The night turned out very ‘dirty,” with rain in torrents and a
strong gale commencing from the north-west and blowing * great guns’
finally from the north. At 2 a.m. the ceringle in the elew of the main-
sail burst, but fortunatelv nothing was lost.  Arriving at Station 19,
July 12, in Lat. 39° 53" N., Long. 26° 32° W, a sounding unexpectedly
gave only 455 fathoms, with a bottom of hard rock. Putting down
the triangle-net, a mixed collection of sand shells, zoophytes, sponges,
and echinoderms were hrought up, but on the second descent of this
net the frame was firmly jammed in the rocky bottom, and it, together
with 100 fathoms of hemp-rope, were lost.  Drifting all the time in a
south-east direction, about three miles farther on gave a sounding of
600 fathoms. The bank which gave the sounding 488 fathoms is
uncharted.  Towards the south-east it deepens rapidly, and is possibly
shallower water to the north-west.

During the night therve was a light breeze from the north-north-west,
and at daylight on July 13, Terceira hove in sight, bearing south-west
by south, and about eighteen miles distant.  Heaving to, a sounding gave
870 fathoms, and at 800 fathoms a good haul was made with the elosing-
net. A fresh breeze was now blowing with a bright sun, and Terceira lay
about sixteen miles to windward, a white cloud of mist hanging over the
highest hill. At 600 fathoms there was a good haul with the closing-
net, but at 400 and 200 fathoms very little was obtained.  Sounding
in Lat. 35° 42° N, Long. 28° 27" W, gave a depth of 770 fathoms, with
a bottom of fine voleanic mud, and the ship then put in and anchored
in Horta Harbour, thus completing the first portion of her cruise, and

I
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here she remained for one week, while various overhauls were made
and stores renewed, ete.

On July 22, 1904, Horta was left behind after a week’s stay, during Station
which time the zear was thoroughly overhauled. In Lat. 58° 15" N, ™
and Long. 28° 32" W, a sounding gave 472 fathoms, with a bottom
of voleanic mud and sand.  The closing-net was also used from
450 fathoms upwards, A very light breeze, lasting throughout the
night, was against good sailing, but when at daylight on the next day
forty miles had been run from the last station, a sounding was made i Station
Lat. 37° 42" N., Long. 27° 37" W., and 1,000 fathoms of wire run out 2
without reaching hottom. At this depth, and at 500, 600, 400, 200,
and 100 fathoms, hauls were made with the closing-net. A brisk
wind sprang up from the north-west, and on July 24 at 7 a.n, the ship
was hove to in Lat. 37° 15" N. and Long. 26° 14" W, where a sounding Station
gave 1,400 fathoms. The closing-net was put down to 1,400 fathoms, -
but with the drifting of the ship the water had become shallower, the
net had been trailing on the bottom, kinks had got in the wire, and,
worse than all, the |}i:-'.l'ut| of the net had become bent. ['ml:-'-l_-q[lll.*nl]"n.'
the net had never opened, the messenger having stuck on the kinks.

The best part of the IL'II\.' wias spent rr|m[r.~i to the ]_Ii.‘-'ul'l:]ll, therefore

the day was devoted to the collection of water samples from
1,200 fathoms upwards. A nice breeze from the north, lasting all Station
night, put the ship in Lat. 36° 54’ N. and Long. 21° 56" W, early on ~
July 25, and a sounding gave 865 fathoms, with bottom of mud and
sand.  Hauls with the elosing-net were made at GOO, 500, 400, 200,

and 100 fathoms. At 7.50 next morning Station 26 was reached sgagion
in Lat. 36° 18" N, Long. 23° 53" W., and the closing-net was put ot
down to 1,600, 1,400, 1,000, 700, 300, 300, and 100 fathoms ; at
night the hot, calm day was succeeded by a strong westerly breeze, station
necessitating shortening sail ; at 8 am. on July 27 Lat. 35° 48" N, e
Long. 22° 35" W., was reached, and the elosing-net was put down to
LG0O fathoms, and afterwards to 1,200, 900, 600, 400, 200, and

100 fathoms.  All the time the wind was rising and the swell pretty
sharp, so that the results of the day’s work were disappointing.
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A fresh wind lasted throughount the night, and early on July 28
Station 28 was reached in Lat. 25° 04° N., Long. 21° 18 W., and
water samples were taken at every 200 fathoms from 1,400 fathoms
upwards, A strong southerly current ran here, so strong that, although
with a fresh to strong west-south-west breeze, the wire stood right under
the ship’s bottom.  With a fresh breeze lasting all night, Lat. 547 22° N |
Long. 20° 06" W., was reached at 7 a.m., and the closing-net was put
down to 1,000, 800, and successively every 100 fathoms to the
surface.  Coming along at a fine pace throughout the night with
a good north-east breeze, at 5 a.m. the ship was at Lat. 33° 37" N. and
Long. 197 007 W, and the closing-net was put down to 800 and each
100 fathoms to surface.  Two turtles kept round the vacht all day,
and one of the crew harpooned one of them through the neck and had
it fast for some time, when it broke awav and disappeared. Omn
July 31, in Lat. 32° 55" N. and Long. 17° 48" W., with Madeira
hearing south-east twentv-nine miles away, a sounding at 1,400 fathoms
cave no bottom, though the temperature was 5° €. Probably not very
far from bottom, the closing-net was put down to 1,200, 1,000, 700,
H00, and then each 100 fathoms to surface. Then way was made for
Funchal.

Here five davs was oceupied eleaning up and overhauling tackle, a
new chain-wheel having to be east for the wineh. After leaving and
Iving becalmed outside Funchal for several hours until dark, a fresh
head breeze sprang up, and at 5 a.n. the station in Lat. 32° 41° N,
Long. 16° 36° W., was reached on August 7, and in 60 fathoms an
attempt was made to dredge, but, the bottom being very rocky, the
hauls were not very suceesstul, chiefly shells and coral, most of the
latter in the tangles.

Beating to windward all night, at 8 a.m. on Aungust 8 the ship was
brought to in Lat, 32° 57" N., Long. 157 23" W, for the purpose of
hrw-llt'itjl'lj_*'. but Ihultg:h the ll:i"\" wias hri;_a;llr and elear, there was too
great a swell to lower the net to great depths. However, from
GO0 fathoms to surface, at intervals of 100 fathoms, the hauls of the

closing-net were pretty sneeessful. At 6 a.m. the next day (Auogust 9)

I
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the next station was reached in Lat. 33° 18" and Long. 147 107 W,
A fine bright day, with fresh breeze from the N., and a heavy swell,
too great for successful working of the l‘]n.-:inj_-;-lwt: water H:lm]rll'H
and temperatures m]|j.' were 1:1]-:[-11_, down to 1,600 fathoms.

Making for the next station, in Lat. 35° 45" N, Long. 13° 03" W,
good progress was made until midnight, when a heavy squall from
north-north-east :3u|,||1u_=|[{~:|_ i :-'.||n-|‘t:-uinll_'; of =ail. The station was
reached at 8 aan., and with a very heavy swell from the north-east,
the attempts to use the closing-net at 1,000 and at 800 fathoms were
not very suecessful, though the net evidently had worked perfectly.
At SO0 i’uthnms, and suecessive hanls to the surface, there was more
stuff, but on the whole the hauls were comparatively poor,

On August 11, at 8 a.m., the next station was reached in
Lat. 34° 16" and Long. 11° 57" W., with a nice little

from the north. At this station the temperatures were remarkable,

weeze all night

heing at GO0 fathoms 10-87%, and from 500 to 300 fathoms identical—
vig., 11°1°,
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Being usnally about 2° of difference at each of these depths, it
was thought that possibly the thermometer had not been down long
enough, but on being lowered a seccond time and kept én sife for ten
minutes, the result was exactly the same. The oceurvence of this
wedge of warm water was peculiar,

On August 12, after a verv light wind, this station, Lat. 34° 12' N
Long. 117 05" W., forty-four miles from the last, was reached, and
tow-nettings made with the elosing-net at every 100 fathoms upwards
from 500, and temperature obscrvations from 1,200 fathoms. The
temperature at 500 fathoms is here seen to be nearly a degree lower
than at the last station, the wedge of warm water evidently less thick.

On August 13 this station was reached, in Lat. 34° 13" N, Lone.
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9% 33" W, at 10 a.m., and the water-bottle was put down to 1,600
fathoms, and samples taken from there to the surface at every
200 fathoms.  Here a eurrent was found to be going east, and the ship
was eleven wmiles farther east than was expected. The temperatures
from 100 to 1,200 fathoms were higher than they were at the last
station, except at 400 fathoms, where it was 10-7% as compared with
11:17 at the last station.

August 14 was one of the most unsatisfactory days of the eruise, a
strong breeze from the north-north-east all night havine rendered the sea
quite unsatisfactory for tow-netting, the ship rolling almost scuppers
under ; and though the closing-net was lowered to 500 fathoms, and
afterwards to 500, 200, and 100, the attempt to do work might as well
never have been made.  The position of the station was Lat. 35° 16" N,
|.ul|;_=;_ 82 47" W, ']‘{*ulp{‘l‘:ltul‘l' ohservations were taken to a Ll.l:?ptll of
500 fathoms.

After a rough sea all night, wind and sea, however, going down
cradually, at 6 am. it was sufficiently improved to commence work
at this station, in Lat. 35° 55" N., Long. 7° 53" W. A sounding gave
770 fathoms, and the closing-net was put down to 700 fathoms, and
worked with success at suceessive depths of 100 fathoms to the
surface.  After a fine night and light fair wind, the next station was
reached in Lat. 35" 55" N., Long. 6° 35" W., at 6 a.m. on August 16,
and a sounding gave 337 fathoms, and water samples were taken as
usual, and the closing-net put down to 300, 200, and 100 fathoms, with
successful resolts,

Before making for Gibraltar, on August 17, Lat. 35° 55" N,
Long. 5° 54" W., a sounding was made in 172 fathoms, and water
samples taken at 100, 50, and 25 fathoms, and the closing-net lowered
to 170 fathoms. Unfortunately, half of the closing messenger became
detached and lost, and further work was relinguished, and way made
for Gibraltar.

After five davs’ stay at Gibraltar, work was recommenced on
August 21 at station Lat. 36° 00 N. and Long. 5° 21 W., where a

soundine eave 500 fathoms.  While hauling on board the wire
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snapped about 12 fathoms from the surface, and away went not only
the sounding-lead, but one of our best thermometers,  Samples of
water were taken at every 100 fathoms, and tubes filled for analvsis.
The strong current and wind, both in one direction, took the ship
rapidly eastwards. The closing-net was put down, and good hauls
made from 360, 300, 200, and 100 fathoms.

On August 22, with a nice light breeze from west, and strong eurrent
going south-south-east, the ship was hove to in Lat. 357 45 N., Long,
37 41 W., and a sounding made in 840 fathoms grev ooze ; and water
and gas samples were taken from 800 fathoms.  Then it was necessary
to crowd on all sail to sail down the current, which was taking the ship
fast to the south-east. The water-bottle sent down to 700 fathoms
j1t1-‘-t tuu{']l{_’ll ]_'“]'{'E.l]‘]'ll.!I I'I'l_'lt r'.hl,_' H:IE] UII:{I}.I.{"EI th[" H]Ii'll o I'U.’l"l] IIE"I" gl‘!]ll!]{]
better, so that it was possible to take water and gas samples from
GOO fathoms at successive hundreds to the surface.  Tow-nettings
were also made at 600, 500, 100, 300, 200, and 100 fathoms, all with
excellent results, Leaving this station on Aucust 22, and after
heating to windward against wind and eurrent all night and next day,
at 8 pam, only ahead of Gibraltar, the anchor was dropped at 8 am.
next IIHIlrI'l{II;_": at Tarifa for three hours, the wind iJ:LH'fIl;{ {‘l'ﬂil‘l.'l:lr'
dropped. A nice breeze from the west springing up, the ship lay over
to leeward of Tangiers, which was veached at 3 p.m., when again it
fell ealm, and, dodging elose to the rocks to keep out of the tide for
fear of getting carried back through the straits, at 6 p.m. a breeze
sprang up.  Dodging about under Cape Spartel until daylicht, at
6 aam., a sounding gave 250 fathoms, Lat. 35° 53’ N., Long. 5° 52 W.;
gas and water samples were taken here. The notes recorded here
give an idea of the difficulty of navigating the straits in a sailing-ship.
The day the Silver Belle left Gibraltar three barques were passed
dodging to the east of Gibraltar, waiting for wind to et to the west-
ward, and when the yacht returned three days after they were
still there !

Lying most of August 25 becalmed, sometimes gaining, sometimes

losing ground, a smart breeze from the east at last carried the ship
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along to the next station, and on August 26, at noon, the position was
Lat. 367 13" N., Long. 77 47" W,, a sounding giving 601 fathoms, with
hottom of fine grev sand.  After the closing-net had been used at
GO0 fathoms, the rising wind and sea hindered suceesstul work at
higher depths.  Up to midnight a nice sailing breeze had assisted,
when it dropped to a light air from the south-east. At % a.m. the
position Lat. 56° 17" N, and Long. 9° 01" W. was reached, when good
hauls were made with the closing-net from 1,000, 800, 600, 400, 300,
200, and 100 fathoms.

Beating to windward all [l:u}‘ after the finish of work, with light wind
from north-north-west, without making much headway, at 6 a.m. on
August 29 the position Lat. 36° 37" N., Long. 10 05" W., was reached,
and a :I_J;ul;:[| haul of stuft’ made with the {'.ll:].'-'-ilfllf_?:-'l'lﬂt at 1,600 f:it]mms;
also at 1,300, 1,000, 700, 500, and each 100 fathoms to surface.
The day was perfect for the work, and just sufficient of a light breeze
to keep sufficient tow on the net. The temperatures at this station

arve puzzling—a difference of 81° hetween 50 fathoms and the surface,
only 1% between 200 and 700, and 55° between 700 and 1,000 fathoms.
This day two butterflies were captured (fifty miles from land), and a
crasshopper floating on a it of seaweed.

With a dead beat to windward all night and forenoon, the next
station was reached on August 30, in Lat. 37° 14" N, Long. 10° 37° W,
and the closing-net was put down to 1,000, SO0, GO0, 400, 200, and
100 fathoms.

Close-hauled, with a fine fresh breeze from north-north-east all night
and morning, at noon on August 31 the position was Lat. 37° 58° N,
Long. 117 58" W, and the closing-net was put down to 1,100 fathoms,
then to 900, 700, 500, 300, and 100, with good results, though the sea
was rather choppy.  On completion of this work a course north and
west was taken. A few fine showers of rain to-day were the first rain
for two months.  Close-hauled on the starboard tack all night and next-
morning, with a strong breeze from north-north-east and very choppy
sea, the ship was at noon in position Lat. 38° 53" N., Long. 13° 12" W.

The net was lowered to 500 fathoms, but there was quite sufficient
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angle on the wire, and the net received too many jerks to work with
satisfaction.  However, hauls, though only small, were made at
400, 300, 200, and 100 fathoms. All night was a continual beat to
windward, with a strong cale of wind from the north-north-east, and at
10 a.m. on September 5 the position was Lat. 39° 42° N, Long.
107 53 W. Notwithstanding the sea the net was lowered to 1,000,
800, 600, 400, and 200 fathoms, and at the latter depth the severe
jerking of the net resulted in tearing the silk net, which prevented
further work.

{}f{_"r i '“‘l_'.'{,‘]{ IIII Lﬁﬁ!i_"h Fllll] Ill:‘il{l-'“'j.“llﬁ I]I"l,"“{fl]t.l_"il :.\_:':]"l,'.:,lt. I]l'll}_t'l'ﬁ'h'ﬁ.’ |]-1I"
did not prevent the vegular taking of temperatures or the lowering of
the closing-net.

Towards midnight the wind lessened, but kept in the same quarter,
viz., north-north-east, and at 7 a.m. on September 4 it fell to ealm, the
position being Lat. 40° 03" N., Long. 12° 13" W.  Water samples
were taken from 1,600, 1,400, 1,200, 1,000, 8300, GOO, 400, 200, and 100
fathoms, and the necessity of rveplacing the silk net with a new one
prevented the use of the closing-net at this station,

Lying on the starboard tack all wnight, the wind dropped at mid-
night, but stayed continually in the north-north-east. At 7 am. it
was almost ealm, and the position heing Lat. 40° 03 N., Long,
12° 137 W., the water-bottle was put down to 1,600, 1400, 1,200,
1,000, 500, GOO, 400, 200, and 100 fathoms, Towards afternoon fine
showers of rain fell, with very light wind, still in the north-north-east.

Becalmed until 10 p.m., a light breeze then sprang up from south-
west, and for the fivst time in nine days was the ship enabled to keep
a course. At 2 p.m. the position was Lat, 417 10" N, Long. 11° 46" W,
and it was intended to work with the elosing-net, but just as the ship
was hove-to a sudden squall came on from the north-north-west,
accompanied with a very sharp swell. The closing-net was therefore
only put down to 300 fathoms, then to 400 and 300 fathoms, the sea
getting worse all the time ; the vessel rolling very heavily, it was
unsafe to use the closing-net any further.  Probably a heavy storm
out westward caused all this sea.
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Beating to windward, with a light breeze, novth by east, and an extra-
ordinarily heavy swell from west-north-west, at 7 a.m. the next position,
Lat. 43% 27" N., Long. 107 19° W., was reached. The sea had somewhat
lessened, and laving the ship’s head into it, she was hove to, and the
closing-net was lowered to 1,500, 1,200, 1,000, 800, GOO, 400, 200, and
100 fathoms with very good results.  Shortly after leaving this station
the wind backed to north-north-east, and a very heavy swell continued
from the north-west.  On the port tack all night, about east-north-east,
at noon next day the position was Lat. 42° 01" N, Long. 10° 48" W,
About as bad a day as could well be for such work, the net was lowered
to 1,000 fathoms, and while it was down the ship made two or three
fearful rolls, with the result that a kink got into the wire 164 fathoms
from the net, and several strands of the wire were hroken. It was
really not fit to attempt work with closing-nets in deep water. This
portion had to be eut off, and the net was then lowered to 800, 600,
400, 200, and 100 fathoms, the results being quite successful.

Making for the next position with a niee breeze from the west-north-
west, Lat. 44° 35" N, Long. 9° 52° W., just when the net was being
lowered the wind shifted to north-north-east, blowing a strong hreeze.
However, the closing-net was suceessfully lowered to 1,500, 1,200, and
1,000 fathoms. Meanwhile the wind was continually rising and the
ship rolling very heavily, and presently a dense fog came on. At
GO0 fathoms there was a cood haul, alsoat 400, 200, and 100 fathoms.
The afternoon closed down *dirty,” blowing hard right ahead north-
north-east, with fine drizzle. The impression derived from the hauls
at this locality is that there is mueh more life in deep water than
farther out westwards, as, on the outward trip to the Azores, with
hetter weather and everything in favour of good working of the net,
the hauls from the deeper water were much smaller.

With a strong hrecze from north-north-east to east-north-cast
all nicht, at noon next day the position was Lat. 45° 19 N.; Long.
10° 20 W, The sea being very disturbed, the closing-net could only
with safety be lowered to 500 fathoms, subsequently to 400, 300, 200,

and 100, and here the halt of the closing messenger was lost.
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A “divty " nizht followed this day with a good deal of wind and
rain, but at 7 a.m. the position Lat. 47° 02" N, Long, 9° 107 W, was
reached, and, heaving to, the net was put down to 1,000 fathoms, and
at this depth and at 800 fathoms good hauls were obtained.  While
the net was down at 600 fathoms, the wind hauled vound and put the
ship in the trough of the sea. rolling her dreadfully for a short time,
with the result that the closing messenger would not go down, owing to
a kink in the wire, which had four strands completely broken, and the
heavy net was held ]l}' only thin strands.  Another 54 fathoms of wire
had to be ent off.  Furtber hauls were taken at 400, 200, and 100
fathoms.

A strong wind and rvising sea, ending four hours later in a strong eale,
west-north-west, with high sea and very heavy squalls, prevented any
further work. The bad weather continued throughout September 13,
at 9.50 pan. of which day the Lizard light was abeam,  Plvmouth was
reached on Wednesday, September 14, when the ship was brought
to anchor, and the voyvage concluded so far as seientific work was
coneerned.

On this cruise, lasting from June 20 (the first station) to
September 12 (the day the h‘l]iih was anchored in Plvimonth Sound),
SO0 hauls were made with the eclosing-net, over 630 temperature
observations and 150 water :-L:||:1|]]l,-.-'. were collected, besides many
hauls of plankton taken with surface-nets and midwater net, and
vacunm tubes were filled with sea-water for :-Lul::-cn-ujlu-||t analysis,
Exeept when in port in the Azoves, at Madeiva, and Gibraltar, not a
single day passed without some seientific work being accomplished.

Sixty hauls of plankton were made with the closing-net at or
helow o depth of 1,000 fathoms, and seventy-six hauls hetween 500
and 1,000 fathoms.  If open vertical nets had been employed, probably
areater hanls of stuft” would have been obtained ; but the object was
not to obtain a laree amount of material so mueh as data for deter-

mining the vertical distribution of plankton.
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THE LOG OF THE CRUISE OF 1905—1906.

[T was intended to start in September, 1905, to make a eruise from the
Irish Channel to Madeira. However, one delay after another oceurred
in fitting out the ship, and it was not until November 1 that the Silver
Belle was able to sail out of Dublin Bay. The object of this eruise
was to visit some of the deep-water stations upon which work was
done in the previous vear, to take water samples at these temperatures,
and samples of water for gas analysis, to compare with the results of
the previous vear, which had shown some rather extraordinary pheno-
mena (referred to in Dr. H. N. Dickson’s report), and to determine
whether these were constant and repeated in the year 1905, or merely
accidental.  On this oceasion it was not intended to use the tow-net
to collect plankton (indeed, my own speecial tow-net was in use by
Mr. Stanley Garvdiner in the Indian Ocean), but trawling gear was
ineluded in the outfit, with the intention of making trawling observa-
tions where circumstances permitted. In the equipment of trawl T was
fortunate in obtaining a good deal of excellent advice from my friend
Mr. Holt, of the Irish Fishery Board.

In addition, opportunity was taken, when it occurred, to use the
current meter, which was kindly sent to me by Professor Pettersson
from Stockholm, and I really hoped to be able to make some interesting
observations with this instrument. However, the weather throughout
the eruise was so very unfavourable that it was impossible to employ
the curvent meter, except on very few occasions, and these will he
referred to later on.  Probably it is rare to experience such weather,
even in the Bay of Biseay, as predominated at the close of the year
1905, a succession of violent storms impeding work throughout the

12
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whole of the outward ernise to Madeira ; and the early months of 1906
were extremely stormy for the Mediterranean.

At the mouth of the English Channel a station was selected twenty
miles south-west of Parson’s Bank, which would join up these observa-
tions to those made h_\.' the International isheries investigations,

Here the sounding cave 90 fathoms, and water and gas samples were g““:' %
taken. Here the temperature was found to be a little colder at the il
surface and at the hottom than at 10 fathoms, the lower temperature E;::L"“
at the surface I:ruhuhl_\‘ heing due to the cold north-west wind which

had prevailed for several days.

With a light breeze from north-west by west, close hauled, a
course was made for the next station, 150 miles distant, which was not
reached until November 14, After leaving the Parson’s DBank station
the fine weather disappeared, and very rough weather set in.  The old
Station 58 was reached on Thursday, November 9, but it was far too
rough to do any work., The ship dodged vound this station for two
days, waiting for an opportunity to do work ; but on the Saturday the
storm broke very severely, necessitating double reefs, and on Sunday
morninge it was necessary to take in three reefs and stow the foresail.

All night it blew a whole gale, but the ship lay to like a duck, but on
Monday morning the fourth reef had to be taken in, and storm-jib set,

and at noon the port gangway was lost. At 4 a.m, on the Tuesday i‘:ul 14,
the sea was fearful, and the mainsail burst. However, the storm ':1“
subsequently began to subside, and by ten o'clock it was possible tui-l';,"ﬁ-,-:-‘*‘
take water samples from 1,000 fathoms upwards, the sea gradually
coing down.

On Wednesday, November 17, the ship was near the old Station 56, Nov- 17,

1805,
in Lat. 437 32° N, Long, 107 48" W, but as soon as arriving at this _]:'JLF-T'-"-'
locality had to heave to with a strong gale hlowing from north-east for (2% 1

forty hours, with a very heavy sea, hefore wind and sea abated enough
to allow of any work. Water samples were taken from 1,200 fathoms
upwards.  The surface temperature was this day 117 warimer than
at the last station. The wind then began to rise agzain, and it was
necessary to run with  double-reefed mainsail, veefed foresail, and

small jib. :
J G—=2
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After leaving this station a fresh breeze from north-east gradually
orew in strength, and at midnight reached the foree of a severe zale,
which increased all night, and in the morning every reef in the storm-
Jib had to be tied in.  The sea was fearful, but the yacht lay to very
well without shipping any water, It was impossible to see 100 yards
for spindrift, and a big steamer passing very slowly towards the north-
cast could only be seen at oceasional moments. The gale blew with
great force all dav, but at midnight the wind began to ease, and the
next day it was possible to shake out all reefs. On November 20}, as
the wind had fallen to nearly calm, and the loeality was only twenty-five
miles from the station intended, it was decided to take the opportunity
offered to work. Heaving to, water samples were taken from
1,400 fathoms upwards.

On November 23 the ship was about fifty miles eastward of the
old Station G1, strong westerly winds having put her off her intended
course, and to general dismay it was found that the ship was making
a considerable amount of water since the terrible cales of the 15th and
19th, and the two Downton pumps on board were unworkable.  That
the ship should have sprung a leak in this manner could only be
accounted for on the :-'LII|rI:u:¢J'ﬁ{:II that she had received serions i]:llmlgv
underneath from being laid upon the rocks in Orkney in Aungust. |1
shipped a serateh erew to take the vessel from Hull to Orkney, and
the certificated genins in charge of her managed to put her on the
sharp rocks of Houton Cove, where she had to lie for a whole tide,
No doubt, as was subsequently proved in dry dock at Gibraltar, she
received serious damage then, though, owing to the absence of a slip
large enough to take her in Orkney, it was not possible at the time to
examine her bottom. The severe gales of the 15th and 19th in the
Bayv of Biscay no doubt strained her and opened a leak.  However, it
was decided to continue the crnise to Madeira.  Consequently, on
November 23, in Lat. 36° 56" N., Long. 13° ¢ W, water samples were
taken from 1,000 fathoms upwards.

Fortunately, fine weather now set in, but with light south-west

winds, which necessitated very slow progress, it was not until
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November 27 that the next station was reached, This was in 1905,

Lat. 33 31" N, Long. 167 57" W., where for 1,200 fathoms upwards fn“\"'

water samples were taken.  Each and every day now baling out with _El"l‘."ff,;.ll "
relays and buckets was regular—about 1,200 gallons of water in the
twenty-four hours,

However, Madeira was now visible, when it was hoped that some
sort of repairs could be effected.  On November 28 the ship was ?‘:'I"-’
brought to anchor in Funchal Bav. As there were no facilities in Fehel
Madeira for repairs, the only thing that could be done was to put
in a pulsometer pump, and with this the water was kept under during

the passage from Funchal to Gibraltar. Several days were wasted

here in executing the necessary rvepairvs ; however, on December 14, E?::‘;_;.“'
work was recommenced at thirty miles’ distance south-west from the ],.“]‘-"w:”'

old Station 38.  Here water samples were taken from 1,400 fathoms, (0" "
After proceeding forty-nine miles with a fair wind it dropped to ealm,

and the 16th and 17th were perfectly ecalm.  However, on December 18 :f:;'l': e

g =0 .

the position was reached of Lat. 35" 53" N., Long. 7% 35" W., and a 144
sounding gave 634 fathoms with a bottom of grey ooze. The 'I‘L'-'I'[L'I'-_.]ﬁ’.”ﬁ;.:
bottle was put down to 600 fathoms.  Gannets were seen flying about,

reminiscent of more northerly climates,
Next day, after very light variable breezes, mostly dead ahead, the ;"™
station Lat. 557 507 N., Long. 6° 417 W, was reached, when a sounding _1.7.'-!'{1'-'

gave 284 fathoms, with a very rocky bottom, the sounding-lead heine 3375%

deeply scored.  Water samples were taken from 280 fathoms upwards,

Cape Spartell was plainly visible during the dav.  On December 20,

in Lat. 35° 55" N., Long. 5° 53’ W., a sounding gave 164 fathoms, and

water samples were taken, after which the course was Gibraltar, which

was reached about 5 pom. on December 20, Dec. 20,
From this date until E-‘l-l}nmr_v S, 1906, was oceupied at HEIH-;g]tm-,.il—ilj--tl.lllu.

where, after long delay, the yacht was put on to the slip for examina-

tion of the bottom. The surmise as to the cause of the leak was

confirmed, and after stripping a considerable length of copper, injury

was discovered, which could only have been caused by putting the

vessel on the rocks in Orkney.  All repairs having been effected, the



Fehb, 7,
145006,
OIF Capwe
Fialan,

Fels, 9,
150k,
ofr

Malaga.

Felr. 14,
1 4kC0E,
oir
Malaga.

Fel. 15,
(RLITI
Lat, 35°
" N,
Long. 47
20" W,

46 The Log of the Cruise of 1905—1906

ship got away on Febroary 3, and immediately experienced extra-
ordinary weather, mostly lying to oft Cape Baba, Morocco, close-
reefed, the land of Moroceo all covered with snow and a wind blowing
fgreat zuns. A sounding on February 6 gave adepth of 500 fathoms,
but the sounding was not reliable. Next morning, February 7, the
wind eased, and the vacht was some miles nearer the land, when a
sounding gave a depth of 300 fathoms, with a bottom of mud. The
trawl was lowered with two bag-nets attached to the trawl heads
and 600 fathoms of warp, and towed for an hour, when the wind
strengthened, and the trawl had to be hauled up again, coming up
with the heam broken, the net containing only two little fishes (a
Stomias boa and Scopelus, sp.), the bag-nets containing a lot of shells,
crustaceans, ete.

(O Febroary 9, the Straits having been crossed, the ship was lying
off Malaga with a strong gale from north-west, and on the evening of
the 9th the wind moderated enough to allow of the trawl being put
down in 130 fathoms, and lh':l:_t;gt'd towards the shore to S0 fathoms.
A great quantity of crustacea, holothuria, shells, sand, and mud, was
the result, but no fish.  On the 10th the weather became better, and
|Jl.'i]15_!' well up under the land in 40 fathoms II{,’I‘IF, the trawl was put
over and towed for an hour, when several species of fish were captured
(Fobiws niger, Callionymus maculutus, Capros aper, Citharus unguatula,
Arnoglossus latema), besides a number of crustacea, including a large
Aristeomorpli.

On Sunday night, February 12, it blew ‘great guns,” and being
close to Malaga, the yacht was put in there for shelter.

For the next two days it was very stormy, with snow throughout
the day, but on the 14th it became hetter, and cetting out of Malaga
the trawl was put down in 300 fathoms, and many fish were captured,
notably Pristivrus welanostomus, Raia oxyrlyncios, Hoplostethus medi-
terranews, Capros aper, Macrurus ceelorynchus, Loplius sp., Squatina
actleali.

Intending to visit the old Station 44 of the 1905 cruise on
February 15, in Lat. 33° 50’ N., Long. 4° 20" W., water samples
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were taken from 700 fathoms upwards. Here it was desired to use pa, 15,
g 1906,
Pettersson's machine, but the water was too deep to anchor the oy yar
, ; ) ; . belln,
ship. On February 16, off Marbella, the trawl was put down in

500 fathoms, and in the bag-net on the trawl-head was a Stomias boa,

and in the trawl some Seopelus and Gonostowma, and some Germodus pen. 13,
19046,
‘u.r: s, OIT Mar-
" = . . . bella.
On  February 17, still oftt Marbella, but nearer to land, in

276 fathoms, the trawl was put down again, but with very unsueccessful
results, hoth hag-nets on the trawl-heads gone, having broken away g, o
19043,

il tar
Bay.

with the weight of mud contained in them.

(zetting away from Gibraltar on February 21 with a strong blow
from the west, while waiting the opportunity to get off’ to the Gettys-
hur;_{; Bank, the trawl was put down in Gibraltar Bayv, and a few fishes
captured, amongst which were Hoplostethus mediterranens, Gadws
argentens, Macrwrns calorynchus, At might it came on to blow so
verv strongly that the HIIjI] Wias Ill'lblt_;'lll. to anchor in Alzeciras H;I_\'.
where she lay until Sunday, the 26th, a gale from the west to north-
west lasting all the time. It wmoderated sufficiently on the Sunday to
et out as far as Tarifa, when, falling guite ealm, the tide took
the ship right back to Gibraltar. Next day a light wind was blowing
from the west, which freshened considerably as the day wore on, and
a whole day was spent in getting as far as Trafalzar Bay ; and
From then, until March 2, the whole period was oceupied endeavouring
under double reefs to get to the Gettysburg.,  On this day a sounding

= March 2,
on the west side of the bank gave 164 fathoms, and continuing a %

little farther, 230 fathoms, with a bottom of fine white sand and E’:E{E;rh
shells.  Then east-north-east, three miles away, bottom was reached
at 80 fathoms, and putting down the trawl and towing over 50 to
40 fathoms, it got fast in a rock and came up with the beam broken
and without a single fish in it, but plenty of dead shells and a few
crustacea. A water-breaker, with a heavy piece of iron attached,
allowing a flagstafl’ to stand vertically in the water, on which could be
fixed the anchor light, was then put ont and anchored, so that as the

ship dodged about all night it could be seen, and the position kept for



March 5,
] 50,
Crict Lys-
brg
Lank.
The
ourrent
mieter,

48 The _Ln,;{‘ r_rf' the Cruise r:lf' 1905— 1906

work in the morning. Most of the next day was spent in repairing
the trawl, but about 6 p.m. it was put out in 60 fathoms on the south
side of the bank ; but the wind dying awayv completely, the trawl
failed to capture any fish, but a quantity of shells, coral, and sponges
were brought up.  Leaving the buoy in position, the yacht dodged
round the light all night, which was found again next morning,
Sunday, March 4, when the trawl was put over again in 100 fathoms
on the east side of the bank. Suddenly passing into deep water, the
trawl would not keep the hottom ; consequently, amongst the mass of
stutt brought up, there was only one small fish in the sprat-net.
Centriseus seolopantime and Serramues catrifla were taken with a hand-
line. Later on in the day the trawl was put down in 80 fathoms,
when, getting fast in the bottom, it was impossible to move it, and
finally broke away altogether along with 50 fathoms of wire. Though
having spare beam and net on board, there were no spare trawl-heads,
and nothing remained but to 2o back to Gibraltar to get new ones
made.

Mareh 5 was at last a suitable day to work the current meter. All
previous efforts to use it were Frustrated by the prevailing bad
weather., 1t requires the calmest of weather for satisfactory results,
and is in any case a very troublesome apparatus to use. On this
particular day the sea was quite smooth, with a light breeze from the
south—such a condition of things as but ravely oceurs at this time of
vear, even in these latitudes.

The results of this experiment are as follows:

Depthin | Dircton of| Nginberof | Veloity | upers.

. Fathoms. Cnrrent. ."l'l'il'llL.tl'. eeinds tuare,
Gettysburg Bank G 2 W.N.W. a0 11-5 15:0°
Lat. S6° 32 N. ... S0 W.S. W, 934 122 14-4°
Long. 11° 55" W, ... | 50 5.W. 480 154 14-3°

The surface current over the Gettysburg Bank appears to work
round a cirele, running longer south-west and north-east than it does

in any other course,
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Bottom at this spot was at 35 fathoms depth, and rocky. The
Gettvshure Bank is unsuitable for trawling ; everywhere under
1M fathoms rocks ocenr, in which a trawl is certair sooner or later to
be lost.  Outside 100 fathoms the water deepens very Fast.
Mareh 140,
1 E045,

Straits of
Gilbealtar,

After leaving the Bank, a fine breeze from sonth-west soon brought
the ship off Cape St. Vineent ; then, veering round to east, a gale
sprang up, lasting that night and all the next day, necessitating three
reefs in the mainsail.  Making for the old Station 42 in the mouth of
the Straits, the anchor was dropped in 170 fathoms on Mareh 10, the
day being fine and sea quite smooth ; but the current was altogether
too strong for the curvent meter, the wire standing away aft, as if the
ship were going before a fair breeze of wind. At 2 fathoms depth,
the time allowed between opening and shiitting was six minutes, and
the number of turns 825 per minute, giving a result far bevond any-
thing in Professor Pettersson’s tables, At depths below 2 fathoms
the apparatus conld not he made to work at all, and it is evident that
in a current like that passing through the Straits of Gibraltar no good
result ean be oot ot of it as at present devised, Tt was l||1itc- hard
work getting the anchor in again, especially as it had taken a very
strong hold on the hottom.

Leaving Gibraltar on Mareh 17 with a fair wind, by evening it was
blowing very strong, and three veefs were necessarv.  On the 19th, Maeh 1%

19406,
when oft Cape 5t. Vincent (south-east, twenty miles), the trawl was 27

St. Vin-
put down in 300 fathoms, when the wind dropped almost to ealm ; con- ="
sequently the hanl was very poor, containing, however, one perfect
specimen  of - Chawliodws  Sloanii, comparatively  vare.  Next day,
March 20), the trawl was put out in 280 fathoms, twenty miles sonth
by east from Cape St. Vincent, The sea was very rough, and, after
towing for an hour, it had to be hauled up in consequence of the strone
wind and sea. The chief captures were Meaerwrns f'n-'i":u'_mn:.lfnrn' anil
M. leevis, and a couple of Nephrops norwegicns.  Mareh 21 and 22 ;’L‘,‘,’,T_h h
were very stormy, twentyv-two miles south-south-east of Lagos H:llx-,"'”""'“‘“'
but on the Zird it was possible to put the trawl out again in 400

fathoms, when, after trawling for an hour, the wind freshened so con-

(]
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siderably that the trawl had to be hauled np as quickly as possible ; and
with three reefs in the mainsail, double-reefed foresail, and storm-jib,
the ship was put towards land to seck shelter for the night. The fish
captured were Phycis Mennioides and Zewgopterus Boscii, along with
two flat fish of the megrim kind.

Om Mareh 235, west-south-west of Cape St. Mary, a sounding gave
71 fathoms where the chart marks 520, evidently a new bank, the
extent of which, however, must be small, as, after sailing a few miles
to the eastward, the depth was 360 fathoms. The new bank was
situated with Cape St. Mary bearing by compass N, 72 E., distance
twentv-one miles.  The trawling result in 400 fathoms included
Pagellws  centrodontus, Scorpena dactyloplera, and Macrurus caelo-
.I"I.ff”f'f.l'fn".".'. :HH”HIE_,"' !'I.‘IEI.H_'H-1 ulhl.-l‘ t]|.i“lf_"'."]—'l'l'llﬁtilfﬁ_':l, !"-'ll{lll:'_"'l;_"."i-..;llll.l. ANeNONes —
one of which was growing on a lump of eoal, of which several pieces
came up in the trawl, probably dropped at some time from a passing
steanmer.

On Mareh 26, when south-east half south from Cape St. Mary,
Portueal, the trawl was shot in 350 fathoms, when several fish were
captured, including  Seorpana  dactyloptera, Macrvurus lavis, Gadus
argentens, and Loplivs budegassa, along with a miseellaneous collee-
tion of ecrostacea, anemones, and eunp-coral.  The dav, though
satistactory for tt'u'u‘]iulu', was very IItI]IIl_':'IH:Il'll’--Ht'l'!."lll_\" with muech
rain, hail, and sleet,

On March 28, when h-;vrﬁ:r-.-;ix miles south-east h:v.' south from [,':Jln‘,-
St. Mary, the trawl was shot in 308 fathoms, and when hauled on
hoard contained a gveat shavk, Felinorkines spinosus, 7 feet 2 inches
long, the skin covered with sharp spines curved at the point, the whole
weighing about 300 pounds. Too big to preserve, it was with difficulty
heaved back into the sea, having first been ripped open to ascertain
if there was anvthing in the stomach.  This, however, contained only
some well-digested food.  In the same haul were several Chimoare
monstrosa, Spinas niger, Scorpena dactyloptera, Zewgopterus Boscii,
Macrurus lavis, Aphoristio sp., Gadus argenteus, Lophius budegassa,

a fine hake, and several crustaceans, eup-coral, ete. On March 29,
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trawling all day in 90 to 200 fathoms produced very poor results,
bevond capture of long-spined urchins, big holothuria, and three skate
and one small megrim ; and on the 30th, coming out into deeper water
{Cape St. Mary bearing north-west by north eighteen miles), and
trawling in 310 fathoms, again there was little but echinoderms.  On
siich a bottom it is rare to get fish, but amongst other things, such as
Homola barbata, Pagurus striatus, and coral, was one small sole (Sofea
profundicoln) and a very small skate.

From March 30 to April 4 was a continuous gale from south-east
when the ship was Iving to, with storm trvsail and storm-jib ; but on
April 4, the weather moderating, a sounding was made in 417 fathoms,
forty-six miles west from Cape Spartel. A good number of fishes
were captured, including Mora mediterranea, Scorpaena dactyloptera,
Hoplostethns mediterranens, Conger vidgaris, Pomeatomis telescopinus,
and three species of Macruries, along with a large and tine Polycheles
typhilops, echinoderms, and sponges.

O April 5, thirty-one miles west-south-west of Cape Spartel, the
trawl was shot in 187 fathoms, and a number of fish, including
Torpedo nobiliana, Scorpana serofa, Dentex macropthalmus, Rliombus
Boscii, Merlucivs vulgaris, Gadus argentens, Pristivrus melanostomaus,
;H':'f::'pfrir-r{ :fru“f_!,rfrl‘i.-h'r'u., dfvcriries !"r.r-r‘i.ﬁ:, and a number of |:11':I_1'|_- and
small erustacea, were taken.

This was the last trawl of the cruise, the ship returning to
Gibraltar, where, after provisioning and a few necessary renewals, she
set sail to England, having completed a fairly suceesstul ernise, con-
sidering the obstacles in the way, snch as almost continnous bad
weather, and as regards the trawling outfit, rather unsuitable ap-
paratus. A much heavier tr:m'l—htr:um with the trawl-heads made of
hroad flat iron, would prevent the trawl sinking so heavily in the mud,
would allow the trawl to move faster and ecapture more fish. The
depth of the present trawl-heads is only about 20 inches, and when it
sinks in mud it does not allow sufficient room, and probably a depth of
3 feet would not be too much.  All the bottom of the net onght to he
double-meshed to prevent the inevitable tearing which results over

T—2
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some of this ground, which is covered with great branched coral which
would tear anything to pieces.

I am sorry that more use could not he made of Professor
Pettersson’s current meter.  Probably in the still water of a Norwegian
Fjord it works with satisfaction, but in the locality where the Sifver
Belle worked during this eruise it was quite impossible to do much
with the mstrument ; and, indeed, as the brief notes recorded show,
the weather was far too stormy for the use of such a delicate
Instroment.

Trawling in a sailing-vessel in deep water is a diflicult undertaking.
Whereas with steam a ship ean move in calm weather, a sailing-vessel
is obliged to work in sufficient wind, and with a light trawl, directly
there is any way on the trawl rises from the bottom and is liable to
turn upside down. In shallow water, with a great length of wire out,

it appears to th'ir the bottom well enough.  Dut under the most

favourable conditions for work—namely, calm weather—a sailer will,
of course, scarcely move the trawl ; and, again, when it becomes fast,
as it will sometimes do in rocky hottoms, the sailer is at a considerable
disadvantage, and is liable to lose trawl and everything, for the ship
cannot readily be hacked as could be done under steam.

Then, again, from Lishon to the coast of Moroceo the bottom is
really very unsuitable for trawling. Even where the sounding-lead
indicates mud there are great masses of coral and rock sticking up at
short intervals, and even in a steam trawler a hand has to be kept on
the engine telegraph all the time the trawl is down, ready to back
astern at the first indication of being canght in the bottom,

Amongst the fishes brought home from this eruise perhaps the
most remarkable was the specimen of Himantoloplivs Rheinhardti,
which, strangely enough, was not taken in the trawl at all.  Coming
ashore at Gibraltar one morning, Buchan Henry found a great commo-
tion amongst the local fishermen over a strange tish which one of
them had ecaptured among the rocks on the east side of Gibraltar.
such a fish had never been seen there hefore ; and, indeed, of the

only two examples ever recorded, both had been captured off the coast

.I.‘
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of Greenland and Iceland, It was still alive when bought by Henry
for ten shillings, about 16 inches long, and jet black, all except the tips
of the tentacnlar appendage, which were pure white, and about as
1'1-|1l1|Hi".'{*-h}|:|]:i11}__{ an object as could well he EHI:IEiH(‘(L That this fish
should be taken in Gibraltar Bay, and at a depth of only about
20 fathoms, is extraovdinary, as other congeneric angler fish are sup-
posed to be deep-sea habitants. The specimen is such a prize that it is

now in the Natural History Museum of South Kensington.



NOTE OF THE 1907 CRUISE.

Tne intention was to go from Scalloway to the south end of the
Faeroe banks, thence southward to the Butt of Lewis, and from there
out ‘into the deeper water along the shelf of the Atlantie slope, and
continue as far southwards as time and opportunity would permit,
chiefly trawling and dredging.  But the weather was anything but
oooid for this kind of work, and we got no farther south than
st Rilda. A fair number of fishes and a large number of Crustacea,
and, amongst other things, a very complete colleetion of Pyenogonidie
were obtained 3 but as these collections hiave not yet been reported
on, | defer the discussion of the vesults. T had the advantage of the
assistance  of Mr. Opie, of Cambridge, who remained on board
throughout the greater part of the cruise, and who ably and
energetically gave his attention to the preservation of the specimens
collected.

The latter part of the eruise was continued by a passage from
Shetland to Norway, which I made in response to a request from
Dir. O, Pettersson, who asked me to work hydrographically across a
line which he marked out, and which would conneet up the observa-
tions of the Secottish, German, and Scandinavian expeditions. Dr. O.
Pettersson Kindly undertook to have the water samples and plankton
examined in the Swedish Laboratory, and these observations are
published here.  The full diseussion of them is not possible until
the German and Scoteh observations are ready for publication.  As
Dr. Pettersson remarks, there was an unusnal flow of Atlantic water
during September, 1907, into the eastern part of the North Sea,
characterized by  southerly plankton forms. Professor d'Arey
Thompson has very kindly made some remarks, and provided me

a4
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with information of the observations made by the Gofdseeker at the
two stations See. Ga and Sec. 8, and these are embodied here.  The
Stations 7 and 8 of the Goldseeler correspond closely with our
Stations 2 and 3, and, while the Scottish observations were made in
August, 1907, ours were made about three weeks later.

Leaving Sealloway on Tuesday, September 17, rough weather
towards night necessitated shelter in Lerwick Harbour, and for two
days there was a very strong blow from south-west to west. The ship
did not get away until the 20th, and the first station marked by
Professor Pettersson was reached on Saturday, the 21st.  This was
Lat. 60° 58 N., Long. 0° 47" E., and the depth 80 fathoms, with a
continually rising wind and heavy swell from the north : by the tine
the observations were finished it was really too rough to work any
longer, At 2 1. the same day the next station (2}. in Lat. 60° 5" N.,
Long. 2° 0V E., was reached, the wind still blowing strong from the
north and the barometer very high. The temperature at 50 fathoms
was so extraordinary that it was thought that the observation must he
wrong, but two more observations at this depth proved it to be correct.
The wind was very high and the swell strong, and as night was fast
approaching and further work hecame impossible, it was decided to run
past the next two stations (3 and 4), and make straight for the Nor-
wegian shore, a distance of sixty-seven miles, so as not to lose the fine
Fair wind, and on the return passage to work the stations omitted.
Consequently Station 5 was reached on September 22, the land being
Hft(".‘u |“ih."ﬂ ;1“-“}' t!‘“.“ht, 'Ell'l’{‘-lll]ﬂrt["]'ﬁ ,"'i'u.l,'l'l_'l_'l:.II...I H]]{l UUT("I’I_"[]. '||'|'i1,|l =IO .
The sounding gave 193 fathoms,  Starting work at 5 a.n., it took five
hours to take all the observations and to complete by the use of the
closing-net at 1190, G0, and 20 fathoms. Ihll‘ii]g this time the bhavometer
commenced to fall rapidly, and the wind hacked to west-north-west, a
head-wind for the return passage. Station 4, Lat. 61° 32° N, and
Long. 57 44" E., was reached in the afternoon, the wind strong and
west by north, and the weather looking very bad.  Rain began to fall,
and the rough sea compelled the taking in of two reefs in the mainsail,

and bonneting oft the foresail and storm-jib.  The barometer having



36 Note of the 1907 Cruise

dropped an inch since morning, it gave promise of a very dirty night.
At this station the extraordinary temperature at 60 fathoms suggested
something wrong with the observation, but the thermometer was in
perfect order.  The next station (3) was about thirty miles to wind-
ward. The night of September 22 was very stormy, with a wind
backing from west to south-west, and the rain falling in torvents. At
4 a.m. it veered to north, then north-east, and finally dropped very
1ilu;ht, and at 1.30 p.m. the ship was a few miles north-east of the
position intended ; but, considering the weather and the early approach
of darkness, it was deecided to work at this spot. The sounding marked
260 fathoms, and when work was finished at 6 p.n. 1t was getting dark,
and the rain was descending in torrents.  With a light wind a course
was set for Flugea (Shetland), 124 miles distant west half south.
While working this station a very large dead whale drifted past the
ship. It was quite fresh, and probably had broken away from a whaler
during the night. The very light wind and heavy swell made progress
slow, and it was not until 11 p.m. on September 25 that Flugea light
was made out through a dense fog about one mile south-east during a
momentary Lift,

Complete discussion of these results is not at the moment possible,
but I may publish along with them the following letter from Professor
d’Arey Thompson, who has been kind enough to provide me with
information as to the observations made by the Goldseeler :

¢ Duxoee, May 4, 108,

‘ My prar WoLrENDEX,

“The observations yvou have sent to me seem to be of very
ereat interest, but it is impossible for me to go into them in detail at
the moment—not only for want of time, but also beeanse our own
ohservations for last summer are not yet fully worked up. .

“Your section from Shetland to Norway is a very beautiful one,
and shows, in the first place, that we miss much by not running our
own line farther towards the Norwegian coast. The other section
(Seetion 11.) is taken from the Goldseeker observations for 1906,

‘We did our two Stations 7 and 8, which correspond elosely with
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vour 2 and 3, at the very end of August, 1907, while von did them
rather more than three weeks later. We found a large superficial
body of fresh water at both stations, and especially at Station 5 ;
while this had entively disappeared from Station 7, and very nearly so
from Station 8, three weeks later.

* At these stations the alternate pulse of comparatively fresh and
of oceanic water is a well-marked feature, and, on the whole, the flood
of fresh water oecurs in summer, and is rveplaced by the salter water
in winter, DBut the dates vary very much, and one of the diagrams
which I send vou shows the conditions at or about the month of
September in 1905, 1906, and 1907, all at Station 8. You will see that
the fresh water was lacking in 19035, but abundant, aceording to our
observations, in 1907, and still more so in 1906, Your observations in
1907 correspond very elosely with ours in 1905,

“. ... What we have in that region is a very rapid change of
conditions from place to place within a short distanee, and you have
ot into a body of water more similar to that which we found at
Station 9 to the westward than what we found nearer to yvour position,
three weeks earlier. T send vou a note of our results at Station 9,
and a diagram of the salinities and temperatures found by us at
Stations 8 and 9 and by vou in the neighbourhood of the former
station. You will see that vour results arve, on the whole, intermediate.
Aceordingly, if the Silver Belle was a little farther to the west, or
the Goldsecker a little farther to the east of the civen |m.-:iti::li:~:. or if,
on the other hand, the body of water, especially the surface water, had
moved a very few miles eastward during the three weeks, in either
case the apparent nliﬁi-l‘s-pmwim wounld bhe very nvzu'l_r explained, and
the results would not be so very far from correspondence,

‘It would seem, therefore, that while we, no doubt, want more
frequent observations in this region, so we also want more closely
conticnous stations.

*Yours very faithfully,
‘I Arcy Torompeson,



OBSERVATIONS CONDUCTED ON SAILING-SHIPS.

As the making of scientific observations on board a sailing-ship
requires some appliances and methods which differ from those on
hoard a steam-vessel, I think it may not he out of place to hriefly
deseribe the most suitable ways and means of condueting these
observations. A steam-vessel must have many advantages over a
sailing-ship ; hut to he put against these is cost, both initial and of
upkeep, and for work a long way from land and in deep water, such
as the Atlantic, a steam-vessel of comparatively large size and stout
build is essential, if any degree of comfort and safety is to be looked
for. There is no doubt that a stoutly-built sailing-ship of anything
over 100 tons (v.m.) is a much more comfortable and safe vessel to
ride out a severe gale than a steam-vessel of much greater tonnage
and size.  The great disadvantages of a sailing-ship are the loss of
time taken in completing a lengthy eruise, and the days that are wasted
in beating around a ‘ station ™ and lying to very often, while waiting
for a favourable opportunity to commence and complete the work
involved in the use of towing-nets, ete., in deep water. For the rest,
the same difficulties Igset the observer in either steam or sailing
vessel, such as deviees to counteract the heavy strain thrown upon
several hundred fathoms of wire with the weight of a heavy towing-
net at the lower end, ete., when the ship is rising and falling or labour-
ing more or less heavily in a strong swell. Where the steam-ship has
the greatest advantage over the sailing-ship is in the ability to go
ahead or astern at will, and to keep over or up to the towing-net or
trawl lowered into deep water, and when dredge or trawl gets caught
in rock at the bottom, which is not of infrequent occurrence, and
oceurs often when least expected, in the ability to back quickly
o
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and release the imprisoned apparatus, A sailing-ship is, in faet,
absolutely at the merev of wind and wave, while a steam-ship has at
least some control over adverse elements.

Having said so much, however, it is necessarv to state that a
sailing-vessel of the size of a Grimsby or Brixham trawler ean really
do all the work at sea comprised in the ordinary hydrographical and
scientific work of fishery investigation that a much more expensive
and elaborate steamship can do, and at very much less cost. It is
nearly entirely a matter of good seamanship and handling the vessel
in an intelligent manner, My own experience, extending over some
yvears now, teaches me that the average cost of a three months’ eruise
in a ship of about 130 tons (v.m.) does not amount to more than
£300, whereas in a steam-ship this figure must be doubled. Conse-
quently, for investigations such as those which have for a long time
been undertaken by the International Couneil and by the various
Fishery Boards, I have always been at a loss to understand why use
was not made of sailing-ships, which in comparatively shallow waters
such as the North Sea and English Channel, and for a distance of
70 to 100 miles round our British and European coasts, could do
most, if not all; of the work of fishery and hydrographic observations
quite as effectively, if not .'||'|.'|.';|}':«-'. B0 r:11|i{|1:~.', as steam-vessels, and at
very much less cosi.  There seems to be a mistaken impression that
steam is essential, which I do not believe to be at all correct.  Indeed,
if this were so, the lengthy hydrographic and other observations
recorded in this book would have no value ; and 1 hope I do not over-
state the case when I say these observations prove not only what a
sailing-ship can do, but that they mayv have considerable scientifie
value. 1 hope that they may encourage many others to follow on the
same lines, and contribute, according to their ability, to the scientific
study of the sea.

I have frequently, during the last few years, heard of yachtsmen
who have expressed desives to do some work of this kind, but did not
know how to set about it. There is really nothing mysterious about
the handling of deep-sea apparatus ; the only thing necessary is to

8—2
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conform to the requirements of scientific accuracy, without which
hyvdrographieal observations would, of course, be absolutely useless.
Dredging and trawling may be carried on by anyone, and information
of the most important character obtained as regards fishes and the
distribution of species of marine fauna (and flora). The tedium of
many a weary hour at sea might be relieved by the excitement of
putting out a tow-net or dredge, the contents of which may very
often reveal some prize. Of course, to the ordinary individual, not a
zoologist, the chief difficulty is that he does not know what he has
got ; but a very short practical experience is all that is necessary to
enable him to recognize what is common, and therefore usually of
little value to the scientist, and what is a rare or uncommon, and
therefore worth preserving.  Scientists ave always willing enough to
assist in the investigation of the marine fauna, and many a museum
might be thus greatly enriched with rare or uncommon specimens.

I cannot but think that to those fond of cruising away from land
a new and profitable delight might be added by undertaking observa-
tions of this kind.

Still, desultory observations of this nature, however gratifying to
the amateur, are of no value to the scientist unless they are carried
out on a definite and continuous plan,  For instance, when a yachts-
man is contemplating a cruise, say to the Mediterranean, to the
Azoves, or across the Atlantic, or northerly to Ieeland or the Faeroes,
ete., observations on hydrography, or tow-nets used at regular intervals
during the eruise, eannot fail to record facts of interest and of great
assistance to marine seientists, especially 1if the ohservations are
condueted upon a I:]:m and under the advice of someone who ean
acquaint the intending observer with the essentials for successful
and useful work,

teturning after this digression to the subject-matter of  this
chapter—namely, the apparatus and methods suitable for a sailing-
ship—we may first briefly discuss the matter of what such a vessel
may do and the means of accomplishing it.

A sailing-ship may quite well undertake soundings, the use of
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deep-sea tow-nets, the taking of temperatures, the collection of water
samples (for subsequent analysis), dredging, and trawling.

In comparatively shallow waters, such as the North Seas, extended
vovages may be made and effective scientific results vecorded with
quite small craft. My small yacht, the Walwin, of only 30 tons
(v.m.), has made frequent cruises from Shetland to the Faeroe Islands,
some of the results of which are recorded in this volume. Dut as
there is no room on such a vessel for steam apparatus, everyvthing
has to be hauled by hand. Where the depth is not over 100 to
200 fathoms, this is not difficult in willing hands ; but when the depth
reaches 500 fathoms and over, it is too great a tax upon human
endurance, even as exemplified in the Shetland sailorman.  Conse-
quently, a larger wvessel is desivable, in which is placed a steam
capstan.

The Sitver Belle is a ship of 120 to 130 tons (v.n.), sutliciently
large and comfortable to make extended cruises in any divection.
Into this ship I fitted a steam eapstan of the type commonly employed
on the fishing-hoats of the North of Seotland.  The boiler is ;r|.‘|ﬂ.-1|
below deck, rather forward of the middle, between the forecastle and
the ehart-room, and steam is led from it to the capstan, which is
placed on deck on the port side, at a distance behind the mainmast
sutticient to permit of the big drom (on which is wound the wire)
heing placed forward of it and clear of the boow.

There is nothing about the drams which earey the wire which
any ordinary engineer eannot devise suitably to the vessel for which
they are intended.  The ordinary reels used on board ship to carry
short lengths of wire eable are, however, scarcely suitable for deep-
water work, beeause the strain upon them is too great, and they sooner
or later give way.  The user is then lucky if he escapes without the
loss of several hundred fathoms of wire and the apparatus.  Sowme-
thing stronger than these ordinary reels is therefore requived.  On
board the Sifeer Belle 1 have a special wineh, made for me by Messrs.
Bullivant and Co., consisting of two stout upright iron plates, holted

together by cross-pieces, and enclosing a laree dram divided into two
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sections—the one to carry several hundred to 2,000 fathoms of wire
(according to size), the other section to carry the fine wire used for
sounding, This winch also earries a cluteh and brake, by which the
speed of revolution may be controlled, and externally on the axis of
the revolving drums is affixed a cogged wheel, which, with a similar
one upon the steam capstan, carries a chain band (with movable links,
so that it can be shortened or lengthened). In practice the wire is
recled oft’ rapidly by its own weight, controlled by the foot-brake,
which allows of immediate arvest of the process. In hauling in, the
capstan through the chain band actoates the drums, revolving them
and coiling up the wire as it comes on board. The ascent can be con-
trolled as easily as the descent.

In order to check effectively the amount of wire paid out and to
ascertain the depth to which the apparatus is lowered, the wire, after
leaving the drum, is led through a pulley, the revolutions of which
are registered on a counter, each revolution marking 1 fathom of wire
paid out. From this counter the wire is led forward to a pulley, the
method of which differs according as the work to be accomplished is
trawling or tow-netting.

In tow-netting the wire used is necessarily of smaller diameter
than in trawling ; consequently, at considerable depths there is much
more strain upon it ; and if the ship is in a heavy swell, as is frequent
in the open ocean even upon the finest days, she rides up and down
considerably, and sudden jerks are thrown upon the wire, which may
hreak the strands, or even snap it completely. On one oecasion we
were unlucky enough in this way to lose several hundred fathoms of
wire and a closing tow-net attached, along with a couple of deep-sea
thermometers.

To avoid accidents of this kind an *accumulator’ is necessary.
Such an apparatus is constructed as follows : Two wooden dises are
prepared—one with a hook which can be attached to the mast ; the
other with a hook also, which can be attached to the spar, as scen in
the diagram. jetween the two dises are extended six or more
lengths of stout, solid rubber bands (obtainable from any of the



Observations Conducted on Suiling-Ships Kt

wholesale rubber manufacturers). The size of the dises and length of
the rubber are matters as to which it is impossible to lay down any
ceneral rule.

The wire used for tow-netting is nsually a stranded wire, and one
which we have used successfully was supplied to me by Bullivant
and Co.—a strand of seven wires (21 gange), § inch diameter, with a
breaking strain of 10 ewt. Five hundred fathoms of this wire weigh
about 60 pounds. Wires of this deseription vary very considerably,

Wf <

Fia. 4.

A, Steam capstan ; B, large reel divided so as to earry thick wive and sonnlding wire ; €, counter
:IrIH-I'|':-HI1:.hr in fathoms p:lil] ot .”, hlock :|.|.'|.:'|.|::!|v|-||. Lo pvovabils HPar f"; f"'., wheel over 1.1.'hi1_-h
wire runs ; K, acenmulator attached to mainmast at & K, coil of rope attached to spar.

and some that we have obtained elsewhere have proved quite worthless,
the strands overriding, and thus preventing the descent of messengers,
A fsoft” wire should never be selected, for this reason.

A sudden strain is by the aceumulator greatly relieved, and though
sometimes extended to a dangerous degree, we have never lost a
tow-net or instrument since using it, now for some years,

The general plan is exhibited in the diagram.

From the steam capstan A the chain passes over the cogeed wheel of
the winch 5. The wire from this deam is led to the counter €, thence
over the pulley D, and from that over the pulley &, and carries either

the Hﬂlltli'ill;_.';—'l':ﬂl or the tow-net.  To the bottom of the mainmast is
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fixed the spar F, and at a convenient height upon the mainmast is
fixed a hook, &, on to which can be hooked the accumulator, H, which
again is aflixed to the spar /' by a hook, . The spar can thus move
freely in all directions and give full play to the aceumulator ; and in
order that it cannot by any aceident to the latter break away, a length
of manilla rope, A, is attached to the acenmulator and coiled round the
hottom of the mainmast, and at the other end to the spar at [

This arrangement is suitable for work in deep water—i.e., over
500 fathoms ; but the spar can be dispensed with, along with the
“l'l'."i'l.l'l[]“t-”l"! i|‘! H]lil‘l.].”-'i‘l-’l,‘l‘ 'i"l-"q'Ii‘!;,'l"._,| t]ll‘ 'l.'l.‘il‘f_'. I}':"i!l_"_': Il'll f]"l:ll],l t.lll_"' l_'.'{l"rltl:’]"
over a pulley-wheel aflixed to the deck, and thence carried over a
pulley attached to the end of a davit.

With such means we have found no difliculty in using the tow-net
at depths of over 1,000 fathoms, and sounding to 2,000 fathoms. The
depth to which a heavy tow-net may be lowered and raised again must
be regulated by the eapacity of the wineh to haul it on board. The
haulage must necessarily be slow, for if performed too quickly the
condition of the animals in the bag of the net will be woeful, if they
are not all mashed into pulp.

As an example of the time occupied in sueh operations in deep
water, 1 may {||Inh' the lhu-l]u\'l.'[]]j_!; data from the iug-lmnl{. of tllc Silver
Delle :

June 26, 1904, in Lat. 45° 12° N, Long. 16° 26" W.—a fine day, with
Im:i\r_v1 hr,-zn'l'r swell from the west, with a west wind,

The ship on the port tack, and the net first put down to 1,500
fathoms, and haunled up again.  The result being unsatistactory, the
net was lowered a second time.  This occupied altogether one hour,
the net heing towed for fifteen minutes ; then put down suecessively
to 1,200, 900, 700, 500, 400, and 200 fathoms. On each oceasion this
meant, after the net had been received on board, that its contents had
to be carefully removed and washed out, and the net itself carefully
cleaned with fresh water before lowering :1:_»;::En, some considerable
time was thus expended in manipulations on deck, and the whole time

u.-{-upiml From start to finish was twelve houars.
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On a second ocecasion—in Lat. 48° 27, Long. 15° 38 W.—the
work of colleeting samples of water, and filling from the water-hottle
tubes of water for subsequent gas analysis, from depths 1,570, 1,400,
1,000, 700, 5300, 300, and 100 fathoms respectively, occupied eight and
a half hours,

On another oceasion the time occupied in using the closing-net at
1400 1,600, 1,000, 700, 500, 300, 100, 50, and 25 fathoms occupied
twelve hours.

These, of course, are nlu-l'zlliulm with the {'lu.-ainj_':—lwf, which has to
be lowered tightly closed, opened under water by the messenger sent
down the line, and elosed again under water by another messenger
hefore hauling up ; and these suecessive operations oceupy much more
time than would be required for the mere manipulation of nets which
it was not so particularly desired to open and close at specified
depths.

There may be a difference of opinion as to the advantages of
horizontally towing-nets, such as the author's large elosing-net, or
Grarstang’s smaller apparatus, or of vertically actuated closing-nets,
such as Fowler's; but I helieve the results ave practically the same
with horizontally toweil nets.

The drift of the ship of not more than a mile an hour is quite
sulhicient, and 'r||u11|1_1_'h the tow-net does not remain long at the {|i'|lt|| to
which it is primarily lowered, beeause by the drift of the vessel it is
l:'nn!-'.tunt]_x' ri:-'.iil;,:', it does not rise Is_a;rf_lnt'f‘r in the space of ftifteen
minutes and, moreover, practice proves that if there 15 much angle on
the wire, the messengers for opening and closing eannot deseend, and
therefore the result is nezative. In vertically acting nets the apparatus
is raised throngh so many fathoms, and the result is the collection of the
fauna between, for example, 500 and 100, or 100 and 300 fathoms, and
soon. The actual qllslll’rit_\' EEI'J“II'{'{I h‘\' cither \.'l.*i"fii.".l”j.' or ||ul'i:ﬂ::llf.'|"y
actuated nets is probably very little different.  Unfortunately, as we
cannot see what is going on at any considerable depth, we can only
say that the capture has heen made approximately at the depth stated.

While the use of closing-nets gives very interesting and sometimes

.
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important results as to the character of certain fauna at certain depths,
and the life-history of certain species, it is rendered much more
valuable by the use at the same time of the water-bottle, whereby
samples of water ean be taken from the same depth and the salinity
be subsequently determined, and by the simultancous use of the
thermometer attached to the tow-net.  The temperature of the water
at successive depths in the open ocean (e.g., the Atlantic) exhibits
such a fairly regular graduated seale, that the temperature taken by a
thermometer attached to a tow-net at the time of opening and closing
15 a pretty aceurate guide to the actual depth at which the net has
really been. It has been our habit to attach to the tow-net when
lowered two thermometers—generally a Negretti and Zambra revers-
ing thermometer and a maximum or minimum thermometer. '

Sometimes it is desirable to colleet samples of sea-water from
various depths for analysis of the contained gases. Such examinations
are of great scientific interest taken in conjunction with the salinmity
observations, and were of especial interest in our 1904 ecruise in
elucidating the extent of water of Mediterranean origin then oceupy-
ing patches in the Bay of Biscay.

For the method of preservation of these samples very little extra
apparatus is requisite.  When the water-bottle is raised on board,
a sample of its contents is introduced into a glass bulb, which has been
partially exhausted, so as to obtain a partial vacuum ; the long, thin
capillary neck being introduced into the nozzle of the water-bottle is
then fractured by a special pair of * seissors.” The sea-water fills the
hulh, which, with its long neck, is then removed, and sealed by bending
the end in the flame of a spivit-lamp.  Put away in special boxes made
s0 that the bulb and its two prolonged necks can lie in slots specially
made to receive them, the flasks may safely be packed and carried on
hoard, awaiting transmission to the laboratory for analysis.

As to the apparatus required in frawling in a sailing-vessel,
experience must be the hest teacher. This experience may be more
quickly and profitably obtained by having on hoard, in charge of this

apparatus, a professional trawler. The adventures of a trawl in inex-
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perienced hands are too numerous and exeiting to be pleasant, and the
commonest is that, after painstaking manipulations oceupying a long
period of time, the trawl iz found to have been upside down and the
net empty.

Perhaps the simplest form of trawl and the one least likely to go

wrong is the * Agassiz’ trawl. Itz iron frame may bend, but is not

s
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1. Troawl with muslin net, A, and sprat net, &, atiached.
2. Method of placing the nets on the trawl,
5. Dimensions of the sprat net: 4, top; B, bottom ; O, gides,

easy to break, whereas wooden * beam ™ trawls on unsuitable ground
and deep water possess this unfortunate propensity. The * Agassiz’
trawl has the further advantage that it does not matter which side up
it fishes, It is a :-:|1!{>nllit| instrument for the capture of intl_-r-r_rsting

(Crustacea, though it takes a goodly number of fishes too.!  Trawlers

! In one haul with this net we obtained seventeen fish of five different species,
hesides a greal IllIFI'Ht'i ty of Crustacen, starlish, Mallusca, ete.

H—2
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use the *heam’ or ‘otter’ trawl for this purpose. A 25-foot heam
trawl is a very useful appliance. As suggested to me by Mr. Holt, of
the Irish Fishery Board, we have used this trawl, with two additional
nets affixed to the trawl-net.

A being a muslin net; B a net made of sprat mesh, one of
convenient size having dimensions as shown in the accompanying
diagram.

It is laced to the trawl, to fit the meshes of the latter when open.
In order toinsure that small fishes do not escape the trawl, the cod-end
is lined with the same netting for the last thivd of its length.

The position of the net on the trawl is as shown in the diagram.

A beam trawl has the great disadvantage of frequent hreakages,
and many is the occasion on board the Silver Belfe, when the beam has
come up broken from dragging over rocky ground. In every expedi-
tion into deep water a spare trawl should be taken.

I believe that the otter trawl is the most useful appavatus for
general use, and the Danes have a form of eel-mesh otter-trawl
( Aaledrevvaad), which appears to be the latest thing devised in otter
trawls, the size of the boards for which is 48 inches long, 29 inches
wide, and having a weight of 110 pounds each. Glass floats are used
instead of corks.

Another deviee of theirs is the * Yngel ' trawl, a big pelagic canvas
otter-net, with boards 36 inches by 20 inches and a weight each of
10 pounds.  Though we ordered these in plenty of time for the 1907
cruise, they were not delivered until the eruise was finished ; therefore
| am unable to state anything as to their practicability.

Besides trawls and tow-nets, dredges of the Plymouth Laboratory
pattern, 3 feet 6 inches wide, should be included in the outfit.

If the object of the cruise be trawling and dredging and the collec-
tion of the larger animals (such as fish, ete.), the equipment should
include a supply of 4 to 6 gallon wide-mouthed jars, with iron serew
clamps and rubber rings ; also air-tight preserving jars ; and for smaller
animals bottles and vials with good tapering corks ; copper labels,

such as zardeners use, which ean be written upon with a pencil and
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tied on to the fish by copper wire ; butter muslin to wrap fish, ete., in
when to be stored in a tank or jar ; a supply of cotton-barked netting
of 1-inch mesh, which is used to make bags for the top of the trawl
and to line the cod-end of the same ; and a supply of mosquito netting
to make bags to be attached to the trawl. These, however, are often
filled with such a weight of mud as to be carried away completely.

A tin-lined tank, made like a large bhox, with lid which can he
closed and fastened down, may be usefully affixed to some corner of
the deck, and in this may be stored fish, etc.

The preservatives in use are methylated spivit and formalin, of
which a plentiful supply should be earried.

Of open  tow-nets nothing much need be said.  There is no
particular virtue in any kind of net, but a number of such nets may
he elamped at intervals upon the warp, and they are, perhaps, all the
hetter if t]li_""l,‘ are :,'.u|1li|E{:L| with tin or alumininm vessels at the l:u:-tt.um,
with a tap. On removing the nets from the water the contents of the
silk net gravitate towards the tin cup, and the inside of the net ean he
washed into the cup, and the collection made into bottles through
the tap.

Larger nets, bent on to a framework of wood or ordinary gas-
piping, may be employed to trail behind the ship at the surface or
some distance below, and catech an amazing quantity of |:|i:]11]-:tm1;
and a very useful form of net with a triangular frame of heavy wood
may be usefully emploved to drag along the hottom, and many bottom
species which seldom or never leave the mud are collected in this
manner.

(M ecourse open tow-nets ;‘il'v no aceurate information as to the
precise locality or depth in which species are ecaptured, and if the

“closing -net must he

latter be the object of inguiry some form of
employed.

Very nearly the same disposition of apparatus on deck as was
mentioned for deep-water tow-netting is applicable to trawling. Stout
wire warp is preferable to rope (the wire for closing-nets will not

do), and this is reeled off a drum and taken round the steam capstan,
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from which it is led forwards to a pulley, and thence to a lead affixed
to the bulwark. In this case the * counter’ and the spar or davit are
dispensed with.

The warp after leaving the lead may be brought up aft and secured
by a stopper, as is generally done in sailing-trawlers ; and it is a good
thing to leave the winch free, so that if the trawl catches in a roek the
stopper will break and the warp can run free, instead of being brought
up short, with the loss of apparatus in consequence. It is scareely
necessary to say that the gear is always shot to windward.

The manipulation of a ship for trawling and tow-netting is not a
thing which ean be taught by anvthing but experierce, and experience
only can teach whether the trawl is sliding niecely over the bottom, the
right speed to go, how much sail to carry, and all the details which
make up good seamanship and mean all the difference between success
and failure.

The collecting of water samples we find we can manage even in
had weather and a heavy sea. Trawling also can be done in weather
when tow-netting is impossible ; but the latter, especially it closing-nets
he used, and the objeet is to determine the plankton fauna in different
strata, really requires the calmest weather, or light breezes. In bad
weather and a heavy swell the ship rides up and down so greatly as to
throw very heavy strain upon the wire, and it means risking the total
loss of the net, and frequently the silk net comes up torn and all its
contents cone,

We prefer to tow-net under a light breeze, lowering the peak of the
mainsail and swinging out the boom with a ®tackle’ attached, and
keeping the jib and mizzen standing. By keeping the ship well up to
the wind we can regulate the speed of drift very micely, and this must
he very little in tow-netting. In trawling or dredging, a little more
sail is required, and the course may be a little off' the wind, so as to
keep sufficient way on to move the trawl. The ship can, by careful
handling, be kept fairly stationary for tow-netting, and a false anchor
may even be employved. A very good substitute for this is to put out

aft the big mid-water net, which may be allowed to drift with a good
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length of warp. It soon fills and forms quite an efficient false
anchor,

[ purposely here do not go into great detail about the apparatus
necessary on shipboard, or the methods of preserving different animals,
as all this will be fully dealt with in the forthcoming handbook of the
* Challenger’ Society, The foregoing remarks are little more than hints
of the methods adopted on a sailing-ship, in which the various manipu-
lations cannot he controlled so easily as when steam is available, and
refer, of course, more particularly to our own methods, which we have

had to learn for ourselves.
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L—THE FAEROE-SHETLAND CHANNEL.
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IIL.—FROM USHANT TO GIBREALTAR.
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[.—THE HYDROGRAPHY OF THE FAEROE-SHETLAND
CHANNEL.

By H. N. Dicksox, M.A. 1) 5c,

{ Beprintedd From the * Geograpliend Jovrnal © for dprif, 1903.)

Durisa the summer months of 1900, 1901, and 1902, the cutter-vacht
Walwin, bhelonging to Dr. R, Norris Wolfenden, was engaged in
scientifie research, under the owner's direction, in the channel between
th{_" :"_';.III,"H.:IH{I H'I'H'I ].;'Hl_"l'lfli‘ ]HIEI“{IH_ IIrllll'_II ]!IIIJ'HiI'ElI il]\'{'ﬁtjf_’;ﬂti“ﬂ:ﬁ E'HHHEHtL‘{I
in (1) observations of temperature, for which Negretti and Zambra's
reversing thermometers, knudsen’s moditied form of the same, and
the ordinary Miller-Casella instrument, were employved, sometimes
Hl_*':.'ll'.'ltl,:]:u.', LI.l-:ll;l”“!.' tocether for purposes of control ; and (2) the
collection of samples of water by means of Mill's slip water-bottle.
Dr. Wolfenden has been good enough to entrust the working out of
the observations to me, and I may be permitted at the outset to express
the upiniul] that the way in whieh l'l]l_‘:ﬁ' have been made, in a 1‘E-g’iml
where work of the kind is always difficult and arduous, and under
conditions in many wavs unfavourable, reflects the createst eredit on
Captain Buchan Henry and his erew. The labours of the Walwin
have provided a unique series of pictures of the conditions oceurring
in the Channel, representing suceessive stages in the march of exceed-
ingly complex phenomena with sufficient accuraey, and none of the
modern expensive apparatus has been emploved in the work, which
was carried on from a small cutter of [:nl}' Al tons.!

I Some of the 1902 observations were made on the owner’s second hﬂ:lt, the Siloer
Belle, a yawl of 130 tons.  Dr. Wolfenden states that for all practieal purposes the
work is as easy to accomplish from the smaller boat.  The larger the tonnage the
greater the amount of wind required to sail the ship, and a good * sailing breeze * is

often too strong for satisfactory working of the instraments.
D 10—2
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Table 1. gives the characteristic numbers and the positions of the
ﬁ'.:lti{"lﬁ -'It 'ﬁ-]lil'i] l}LlHL‘[‘\';Itiil"ﬁ wenre 1][;[{][‘.

Table I1. gives the temperatures observed. Where the observations
were made with more than one instrument, the mean vesult is given ;
the differences rarvely amounted to more than a few tenths of a degree

Fahrvenheit. The original readings were made according to the
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Fahrenheit scale, and their consisteney tested in the usual way by
plotting ¢nrves. It has heen thought best to convert them to the
Centigrade scale, in which all the observations in the region already
published ave given, and which is being employed in the International
investizations,

Table I1I. gives the salinities of the samples collected.  The
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chlorine titrations were carried out for me by Mr, J. J. Manley,
Magdalen College Laboratory, Oxford, and my best thanks are due to
him for his assistance. The salinities were ul‘i.u'iu:l“}' obtained from
the chlorines by the use of the table which I published in the * Report
of the Fishery Board for Seotland * (No. 12, 1893, p. 5381). They have
sinee  heen compared with Knudsen's  authoritative tables, issued
I'E-n;'(:nr.]:r; the differences were insignificant.! [ am indebted to my
friend, My, 0. J. R. Howarth, for assistance in reduecing, tabulating,
and plotting the results.

In arranging the material for discussion and comparison with other
ohservations, the first point to be noted was that the most important
series (and the only ones dealt with here) consist of nearly parallel
double lines of soundings, one line starting from near the novth end of
the Shetlands, and another trom near the south end, and hoth extending
to the Faeroes.  An examination of all the Walwin's observations, of
the ohservations made by the Jackal in the eruise of 1593, and again by
the Juckal in 1902 (see Helland-Hansen in Neture, vol. Ixvi,, p. 654),
indicated that these lines were so close together that thev could for
all practical purposes be regarded as one and the same. Two points,
in positions (approximately) Lat. 59 56" N., Long. 1° 24" W, and
Lat. 61° 45" N, Long. 6° 48" W, were accordingly selected, and joined
on the chart by a straight line to which perpendiculars were drawn

! In his paper on hydrographical investigations in the Faeroe-Shetland Channel,
cte., i the year 1902 (Report Cd. 2612, 1905), Helland-Hansen says: * Dickson’s
valeulations of the salimbies are lnl]‘fi:l”}' hased upon Pettersson’s tables, I have
found that these give the salinities higher by almost 008 per cent. than Knudsen's

tables” T am unable to understand this, a comparison of my table with Knudsen's

giving the following results :

SALINITY,
l, K nndszen. Dickson, Differemee,
175 S1-62 3165 4= 0005
150 5254 LT + 002
155 HEIE B H A + (2
190 3435 HESH (-0
15 Hol SR -0
00 Hb 13 ahr 12 -
| 5 S0 S50 — (-0

H. N. D.
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from the stations (Fig. 6).  All the observations were then plotted
upon vertical seetions along that line.  The method is no doubt open
to eriticism, but the errors introduced cannot exceed the errors incidental
to the observations, and it makes the most of the available material.
In the result, we have from the FFalivin’s observations sections for
the following dates :
: July, 1900.
May and June, 1901,
June and July, 1901.
May, 1902.
June, 1902,

Julv, 1902 (temperature only),
To these mav be added, completing the existing record :
Juckal, August, 1593,

(preliminary report only), August, 1902,

making eight more or less complete pictures in all (Figs. 7 to 15).!

In the Faeroe-Shetland Channel we have to deal with the opposing
movements of water from the south and from the north. The
northward-moving  currents are of two kinds, (2) drift currents,
produced at the surface by the winds in the locality ; and (%) a stream
current, which 1 have (Phil. Trans. A., vol. exevi, p. 113) propesed
to call the Norwegian branch of the European stream. This branch
forms part of a stream-current relieving the water banked up against
the Continental mass by the westerly winds ; it varies in strength
from year to year and from season to season, and its salinity also
varies slightly, a high salinity probably indicating a large proportion
of gulf-stream water, and a low salinity a large proportion of water
from the Labrador eurrent and the northern area of the Atlantic.
Direct observations in the depth are still wanting, but the range of
salinity may be estimated at from 354 per mille to 357 per mille.
The southward-moving eurrents are also of two kinds, (¢} water from

! In these sections the Shetland end of the line is on the rvight, the Faerve end
on the left.
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the eentral and western parts of the '_"{{1['1.1.1_*}_!;&1!1 sea, most of which has
probably originated in the area east and north-east of Newfoundland
and been earvied across as a drift, mixing with the “ Irminger’ and
“Greenland * branches of the European stream. If the European
streqmm 1= below its norinal :-;tl“{*n;_-,‘tll, it seems |[|{{'i}' that this hnll].' of
water will attain unusual volume, and part of it will try to make its
way southward, The 1-1ruq:m':tti\'i*h‘ cold salt water observed by the
Jackal in 1893 (Station VIIL), and acain '||‘1.‘ Helland-Hansen in the
Jdaekal in 1902 ( Natiwre, loc. :'H._}, i the north=western part of the North
Sea, is probably to be identified with it, as Helland-Hansen suggests,
anid it seems likely that the importance of this factor has heen under-
estimated by the earlier investizators, especially, perhaps, in my report
on the work of the Jecka! in 15393, The second body of southward-
moving water (o) is that devived from the melting of ice in the Aretic
regions.  This water is probably spread over the surface in summer
:II'HI E"If-l'lll]ll. i!lld !'I.'I.':llil"!'i it."h 'H.'i!"'f !'i"”lh'i‘l':l'l'l[ KT ”‘“|I cast ”f [I:I'IE““I :”“l
the Faeroe Islands.  So far as the region under discussion is coneerned,
it may probably be assumed that the water from the centre of the
an'u'i-;‘i:m sea () has a H:I-[ir!il"\' of 35 per mille to 353 per mille, and
that a salinity of less than 35 per mille indicates a laree admixture of
water of Aretic ovigin (),

The difficulty of interpreting the sections across the Faeroe-Shetland
Channel i the heht of the above is nnmensely inereased by the fact
that the line of section lies just in the recion where the waters from
the sources mentioned meet and mix, and that we have no simultaneous
observations in the regions of origin.  The difficulty is speeially
apparent in studying the distribution of temperature, for, unlike
salinity, temperature may change without movement or mixture of
the waters.  The most important point is evidently to note that when
fll{' 'l"il'{"l'llﬂti!]l] |-!"h ul"'i'l-'l'., i.‘-'.[]t.l“"t"]l:l.‘ll.‘i :I!!]l[ i."ﬂlll:l“l“"ﬁ- anre {‘]'{I“'ill_"il
together, showing strong gradients of temperature and saltness, while
weak gradients arve an indication of weak cireulation, the waters moving
slowly and heing very completely mixerl.

The general conditions controlling the movement and mixture of
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waters are: (1) the Norwegian stream () is cut off below by the
'ﬂ"\"ri“e-'l'hu'm:-cnn ridee at a ll{-[:[h of ahout 300 fathoms—north of
the I'il:]l'-_{l' its waters are mixed with ice-cold water of :-'.Iightl}' lower
salinity drawn up by the * undertow ™ to an amount depending partly
on the velocity of the stream, and inereasing with it (see * Twelfth
Report of the Fishery Board for Scotland,” p. 351): (2) the drift
current (a) and the European stream are independent of one another,
but where the former exists—i.e., as a northward-moving current—the
waters of («a) and (&) ave likely to he indistinguishable by means of
either temperature or salinity observations ; (3) the southward-moving
waters (¢) and (d) mayv be independent, and thev mayv or may not be
fully mixed before entering the Faeroe-Shetland Channel ; (4) when the
northward-moving currents are strong, they will tend to be surface
currents, because of the relatively high temperature of the waters,
When they are weak, their waters will be cooled by contact and
mixture with the eold wnderlving waters. The southward-moving
waters will tend to be under-currents beeausc of their low temperature,
and will only rise to the surface when they are exeeptionally strong
rg-l:;_ti\'vl_r to the northward-moving currents, or when they contain an
unusually large proportion of, on the one hand, warm Norwegian sea-
water, or, on the other, fresh Arectie water.

Taking now the sections in order, the first is that for August,
15493, based on the Jueka! observations. In the report on  these
observations I expressed the opinion (p. 352) that the conditions were
there * favourable to an inerease of the Atlantic current,” but at the
same time it was noted (p. 337) that during the observations the
navigating lientenant of the ship found * a southerly drift amounting
to approximately 10 miles in twenty-four hours.”  With the informa-
tion available at the time as to the sources from which the waters
were derived, it was impossible to identify clearly all the factors
involved, or to give a complete explanation of the movements going
on. | had to content !u}'m*“' with an utnlmlll to diseuss the mechanism
of the process of mixture of the northward and southward moving

waters, on the assumption that the former (@ and ) were one, and the
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latter (¢ and «) one.  The difficulties which arose led me to undertake
an investication of the movements of surface waters in the North
Atlantie, and, as a result, to separate the stream current (4) from the
surface drift («) ; the resolution of the southward-moving waters into
(e) and (d) is chiefly the result of the observations of the Ingolf
expedition (1806) and of Professor Pettersson’s discussions,  In the
light of these more recent conelusions, it appears from the section
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(Fig. 7) that in August, 1893, the Norwegian stream was running
strongly northward, its main centre lving on the eastern side of the
channel at a depth of about S0 fathoms, while its waters extended
nearly to the Facroe Islands,  The cold bottom water, which shows no
marked tendency to rise towards the surface, was entively eut oftf’ from
a thin layer of relatively fresh surface water (salinity below 55-3),
which covered the whole surface of the channel to a depth of a few
fathoms, and near the Shetlands extended to the bottom.  This laver
was probably, as Helland-Hansen has suggested, water from the
11
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Norwegian sea (¢), rather than a mixture of it with water which had
come from the south through the Faeroe-Shetland Channel, as I supposed
at the time. Its southward movement would account for its appearance
at Station VIIL in the north-west of the North Sea, referred to ahove,
and for the sontherly drift of the Juckal during the observations.

The section for Julv, 1900 (Fig. 8), shows a state of affairs so

remarkable that if it were possible to doubt the aceuracy of the

Mitres

Fic, 8.— Favrop-Suerraxp Cuaxxrern TEMPERATURE axp Sarnmsiry, Juny, 1900,
Yacnr * Warnwis®

observations, one would be almost inclined to take refuge in doing so,
but the complete consisteney of four sets of soundings makes the
supposition unreasonable.  Salinity is at all depths remarkably high,
scarcely falling anywhere below 354 At a depth of 400 fathoms—i.e.,
100 fathoms helow the Wyville-Thomson ridge, is a maximum of
salinity of 35-6, in water laving a femperature of melting ice.  Above
this is a mass of water of salinity about 35+4, the minimum oecurring
with low temperature near the middle of the channel in about
250 fathoms.  Above this, again, the saltest (35:6) and warmest water
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lies on the east side of the channel, although eclose to the Shetlands
salinity falls again near the surface. This extraordinary distribution
seems to indieate that at an earlier date than that of the seection,
probably in the previous winter, there had been a strong movement of
very salt water from the Norwegian stream and surface dreift (o and &),
which from some external canse afterwards failed.  DBelow 300 fathoms
the water, protected by the Wyville-Thomson vridge, remained
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stationary, and was gradually cooled down to 0° C. by contact and
slight mixture with the water lving under it.  Above 300 fathoms a
southward movement probably set in, lowering both temperature and
salinity, and this was followed, probably just before the date of the
section, by a re-establishment of the Norwegian stream (4) in full
force, the water being somewhat salter, but the stream in almost the
same position as in 1893 (Fig. 7).

The season 1901 is represented by two sections (Figs. 9 and 10) ;
the observations forming the first were made between May 14 and

11—2
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June 4 ; those forming the second between July 4 and July 16.  Thus
the middle dates are May 24 and July 10, and a comparison is of
particular interest, because these ave the first sets of observations which
have bheen made in this area at dates elose enoueh to admit of direct
comparison, or to give any idea of the rate at which changes occur.
In both sections nearly the whole channel is filled with water of

533 salinity or over, and in the depth temperature is low. The

Fathoms iy e : o g Miles
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freshest water (35°3) appears on the east side of the channel at a depth
of 3580 fathoms, .'||1]|:1|‘|_=||t]:|.' indieating an intrusion of (Il'(‘.ll water from
the Norwegian sea into a mass of Atlantic water, which had been
cooled down in the same way as in the previous years. It is to be
ohserved that this centre of low .-:u!inil"u' is also one of low temperature,
the readings at 300 and 400 fathoms rising from east to west.  All the
western side of the channel is oceupied by water of 35°5 salinity. In
the strata nearer the surface we find the first indication of the features

so strongly marked in 1902, in which the saltest and warmest waters
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appear as two branches, one a little to the west of mid-channel, and
another on the east side, close to the land. In the interval between
May 24 and July 10 the distribution in the depth seems to have
become more uniform. In the depth the centre of low temperature
and salinity on the east side has disappeared, and apparently the whole
breadth of the channel is oceupied by water of about 334 salinity. In

the upper layers the two branches of warm salt water are farther apart
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at the surface, the western member is morve strongly marked, while at
intermediate depths (100 to 300 fathoms) salinity has inerveased slightly
on the east side, and diminished on the west.  The differences point
in eftfect to a strengthening of both the northward and southward
moving streams above 300 fathoms, the latter keeping to the west,
while the former keeps to the east, but sends a narrow branch, 50 to
G0 fathoms deep, along the western side. It is noteworthy that there
is no indication of a southward movement of fresher water towards
the Shetlands.



86 The Hydrography of the Facroe-Shetland Channel

For the year 1902 we have four sections (Figs. 11 to 14), the middle
dates being May 24, June 24, July 21, and August 29. Some are, of
course, incomplete, and salinity observations are wanting for the
July section, but it seems possible to follow the course of events with
considerable certainty.

In the May section the first point to be noticed is the remarkably
low temperature and salinity in the depth.  Up to within 200 fathoms
of the surface the salinity is abont 552, slightly higher on the east

l-.'bll.;_;.:-__ TRy - e e % 'E'IZ"'I'.

WALWIN. .

JUNE 1302 . e
—

) ol

Iig. 12.—Faenoe-SuerLaxy Cuaxser.  TeEMrEraTURE axp Sapxiry, Juse,
1902, Yacur * Warwix'

side and lower on the west, while at that depth the temperature is
only 2°.  Nearer the surface the northward flow of water is apparent,
the salinity rising above 356 in warm water on the east side, and
searvcely falling below 355 on the west. In June it appears that the
northward movement had ceased altogether, and that a southward set
at all depths has begun, except on the west side of the channel, within
about 100 fathoms of the surface, where the conditions remain
practically unchanged. The surface salinity is now almost uniformly



The Hydrography of the Faeroe-Shetland Channel 87
554, and in the depth the isohalines of 352 and 35°1 appear to have
moveill eastwards. Temperature has fallen at the surface, bhecome
more uniform down to the 100-fathom line, and fallen at 400 and
A0 fathoms, The June observations reveal for the first time,
observations being wanting for May, a steep gradient of temperature
on the east side between 100 and 200 fathoms. The 2° reading at
Station A3 at 200 fathoms in May makes it likely that a similar
diztribution existed during that month.
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In the July section the form of the isotherms shows a further
aldvance of cold water in the depth.  Temperature has fallen generally,
anid a wedge of cold water near Station AS rises almost to the surface.
On either side of this, warm water, possibly parts of northward-
moving streams, extends down to something like 150 fathoms., In
the August section, drawn from the observations of H.M.S, Juekal
published in Natire, the cold wedge shows still further advance, and

its swmmit has shifted more into the centre of the channel. The low
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salinity at all depths is quite the most remarkable feature of the
section, indicating an unusually large proportion of water of Arctic
origin in the Norwegian sea.  This water appears to be moving south-
wards in mid-channel, both at the surface and in the depth, a slight
weakening being apparvent between 50 and 100 fathoms, where the
salinity rises above 551, On the western side the inerease of salinity
is so slight as to make it doubtful if any northward movement is
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aking place ; it seems more likely that the 354 water observed there
in June is merely undergoing mixture with the fresher water, a view
supported to some extent by its steady temperature. A northward
movement is, however, apparent on the eastern side, where the
temperature 1s relatively high, and the salinity rises above 354

We may summarize these results as follows :—

18395, —Both northward and southward moving streams strong.
The Norwegian stream occupied most of the channel in the inter-

mediate depths ; below it water was moving southwards, and on the
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surface a thin laver also moved southward ; this laver became thicker
on bhoth sides, and near the Shetlands extended to the hottom.

1900.—The whele channel is oceupied by water from the south,
northward movement having appavently been stronge earvlier in the
season. At the date of the ohservations (July) little movement was
ir! ]Ft‘lll'_"'r{'."'-?'i. l|I|.l!: l:lll"l"[|I A illlIi.{'flti“l]H ”II i||“'".‘"ii|.l‘|] {It‘ water rl‘ﬂili li!l’
north at a depth of about 300 fathoms, and at the surface on the east
side,

1901.—There are indications of feeble sonthward movement in the
depth, but most of the channel is occupied by water which has come
from the south. A weak northerly movement is apparvent near the
surface, with some tendency to split into two branches, one west of
I]Li[l'l'}lillllll‘!. tl"‘ l:]'lll'!' lear rlll" st Hi!h".

1902.—Unusually cold fresh water hlled the ehannel, at all depths
helow 150 fathoms, throughout the season. In May the surface
waters were “II Sl]lltllll'l'“ “]'i_'_"'i“.. I'I.”I] Wienre HI“\'i]Ilﬁ"' Ill'l'l't]l."l'l':ll'll, I]-I'II il=
the season progressed, southward movement inercased both at the
surface and in the depth, especially in mid-channel, the waters mixing
with and driving out those of southern origin on each side.  That this
movement extended far to the southward is shown hy the fact that an
we-floe was met with during July off the Treshinish Islands, on the
west side of Mull,  The summer of 1902 was one of the worst on
record in the Faceroe-Shetland Channel, and h_ﬂ|t‘u;|‘:1]r|li:'::| work was
exceedingly diffienlt,

A comparison of the 1902 sections with the admirable charts of
surface temperature published as insets in the British * Pilot Chart of
the North Atlantic * shows in the elearest manner the relation hetween
the surface movements in the open ocean and the currents in the
chamnel.  In May the surface temperature was normal, or shahtly
helow it, between the west coast of the British Isles and about Long.
15° W. Farther west, and to the north-west, there was a narrow hand
of water above the normal temperature, obviously supplving the water
which was going northward on the east side of the channel.  In June
temperature was apparently below the normal over the whole of the
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surface of the eastern Atlantie, and in the subsequent months the area
of low temperature gradually narrowed, until in October it had entirely
disappeared.

I hope to obtain data with regard to atmospherie pressure similar
to those embodied in the Pilot Chart for Oectober, for the earlier
months, and to disenss their relation to the observations in the Faeroe-
Shetland Channel in a later paper. The Pilot Charts in their present
form will be an invaluable help in interpreting the observations to be
made under the international scheme, and, as Dr. Wolfenden informs
me that he intends to make simultaneous observations at {|1'!rt|1:-'~ down
to 1,000 fathoms to the west of Treland, the mechanism of the eurrents
flowing from the central region should be completely and finally
determined.

The conelusions arvived at up to the present may be stated thus:

I. Northward movement of water oviginating as a drift current is
strongest in the Faeroe-Shetland Channel during winter,

2. Northward movement of water originating as a sfream currvent
is strongest in swmmer, being probably due to the extension of the
s Atlantie antievelone,”

3. The northward movement 2 is the more uncertain, and varies
most in different vears.

I, In the transition stagzes between | and 2, or when 2 15 abnor-
LI]:[]]_'I.' 'I.‘I.'l'q'lli. tIH" water i" TIIIE" I":i{"l'[:ll"HI]['[IHI][' {‘II“TI]'I_{'] II'I_:I}- l‘l'lllq‘:.ill
practically motionless for extended periods.  If the channel is filled
with water from the sonth, this water will I,-_fl'.'ullm]]‘\' cool down and
:-C:IIIII'.._ I'I-["illl'_'; lf'i“lli_"i[ I]‘:‘I-._ a'll"l I'lli."ii!'l:‘._-'" '“'i"h, IFI[" {f‘ll:] tt]HIl"I'r:\']LI:I:':' walers.,

5. To the north of the Faeroe-Shetland Channel the waters of the
Norwegian sea consist of a mixture of waters of Arctic origin with
those of Atlantic orvigin, the latter very similar to 1. The mixture is
i most cases fairly complete, but during summer water of Arvetic
origin, set free by the melting of ice, may form a surface layer of
considerable thickness.

. The waters of the Norwegian sea make their way southward,

under favonrable conditions, into the Faeroe-Shetland Channel and
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tlll" Nul'tll HE'H. 'I‘III' {']1'1':“"‘{" T tll{" ?'::I-'I‘I‘-El HE'EI i:"ﬁ fil"l'l']lu'l.llllr (‘fi}'ﬂ'r{."i
every vear, as there is no opposing northerly eurrent on the western
side.  In the Faeroe-Shetland Channel the southward movement is
normally prevented by the northerly eurrents 1 and 2, except at
depths below 300 fathoms, where the northward currents are cut
off: by the Wyville-Thomson ridge, and at the surface, where there
may be a southerly deift eurrent.  In exceptional ecases, as in 1902,
the northerly movement may be in abevance, and water may move
southward at all depths. It seems likely that the presence of this
water in the North Sea has a :-L]u_-viul hearing on biological and fishery
(uestions.

7. The movements of the surface waters of the sea and the tem-
perature of the air near the DBritish Isles do not stand in any direct
relation of cause and effect.  Novtherly winds bring eold weather, and
by drifting and * banking * cold water from higher latitudes, bring cold
surface water with them. Southerly winds bring warm weather, and
]II':‘II].E_',' warm water from low latitudes in the sane wiay. The trmlu-m-
ture of the surface water in the open sea influences the distribution of
atmospherie pressurve, as Pettersson has shown, and it will therefore
affect the direetion of the |n'1-1'.'|'t|i||g winds=, but motion has Ilnt]lin;' Lo

do with this influence,

TABLE 1.1

LasT oF " WaArwin " STATIONS.

Htation Lat. M. Laomg. W, Station Lt M. Liotage. W
Al B A0 2 50 Al G 17 8 &
A2 B 5d & 40 All L L i &l
Al [ A I 41 I i 5l G @2
A3l 61 28 1 50 0] 60 17 (R
Ad Y 50 I M A6 G 20
AD Gl 45 (RS I IR 5 0
A G184 i 2 ILI. OFF Fitful Head,

AT Gl 14 i = IV. West of Yell soan:d,
AH N 4080 Y. OfF FPlugea T, H.,
AD GO 45 I 50 YI. East of Brossay.,

' For numbers and positions of the Jackal stations in 1393 and 1902, see * Twelfih |:|-|:||:|r[.
of the Fishery Board for Scotland,” p. 864, and Neatere, vol. Ixvi, p. G,
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TasLk II.—TEMPERATURE OBSERVATIONS (continued).
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[ —HYDROGRAPHICAL OBSERVATIONS MADE IN THE
NORTH ATLANTIC DURING 1903 AND 1904 ON
BOARD DR. WOLFENDEXN'S YACHT *SILVER BELLE’

By H. N. Iheksox, M.A, 1L3c,

[x the summer of 1903 the Sifeer Belle made two erunises.  One,
to the west of Irveland, during June and July, gave a valnable
seetion :i|ul];_-: the meridian of I.Hltlf_l,'_ 12° W. from Lat. 51° N. to
Lat. 34° 457, hesides other stations, A second, in August, gave two
lines across the entrance to the Facroe-Shetland Channel, one south
of the Wyville-Thomson rvidge, and one a little to the novth of it,
as well as a longitudinal seetion from the south of the ridge north-
wards so as to connect with the observations of the International
[‘““"L'il. "I."!'Ilii"ll Wenrs: lllFllIl‘ “I]“HH' at ll“' =l 'i”li", r]‘h[' t‘.llill
number of soundings made was twentyv-two, and at each station
temperature observations were made and samples collected,

During 1904 the Silver Belle made a still more extended vovage.
sStarting from the south-west of Ireland on June 20, a line of twenty
:x'I:IIItItIEII_'_""H at l[li'l:l”l.‘-'- tdlown to '."'..,lHIlJ Fathoms was run fax tlu- ."h?,'i!l".‘!'i,
Temperature observations were made at all the stations, and samples
were ['”‘].Il_"l'tl'l.[ H l' ."-'ti.\:.

The next line was from the Azores to Madeira, and thence to
Cribraltar, through the Straits and eastward in the Mediterranean as
far as Long. 5% 417 W, This line includes soundings at twentyv-two
stations ; samples were collected at eight.

The thivd and last line runs westwards from Gibealtar to about
Long. 107 W., then northwards to the month of the English Channel,
connecting with the line of the International Couneil.  On this line

7 13



98 Hydrographical Observations. North Atlantic. 1903 and 1904

there are fifteen stations, at all of which temperatures were observed ;
H:lil]l]]l'H were collected at two.

The samples brought home numbered 139 in 1903, and, by an odd
coineidence, 139 in 1904, The chlorines of all these samples have
heen determined by Mre. J. J. Manley in the laboratory at Magdalen
College, Oxford, the methods emploved being the same as in previous
vears.,  With regard to these determinations, it should be noted that
a comparison of the values at the International Station Se. 194 and
Sifver Belle station F9 shows |]:*I'|'m'l- agreement, While El"EI.I‘\‘H:i"I‘_.':
the samples brought home by the Discorvery expedition, Mr. Manley
received a sample of the standard sea-water issued by the Inter-
national Couneil.  Chlorine determined differed from chlorine given
by 1 part in 3,500,  The Discorery samples were treated in precisely
the same Wiy as those of the Silver Belle, and there can, therefore, be
no doubt that the values are strictly comparable with those of the
[nternational investigations. At my request Professor Pettersson also
had the ehlorines of some of the gas samples sent to him (see below)
determined. A comparison of these values with those of Mr. Manley
show somewhat serious differences :

Savisrry rer Minie.
xll of

P Petterssom. Manley. Ditlerenee,
Bample.

T - - 35:51 5570 — 14
17 - - 4561 5 Ry — 21
15 - - GO 354 — (15
=4 - - 86°13 dShh2 0-4t)
1003 - - "o B0:58 —14
117 - - 3545 a8 62 — 27
124 - - 3020 S5-00 — ()30

The complete agreement which exists hetween the values as plotted
anil those of the International sections, and in the determinations with
standard water, makes it very difficult to aceount for these diserepancies.

Table I. gives the positions of the stations for 1903 and their
characteristic numbers,

Table I1. oIves the observations for 19035, with the chlorine values

(C1), salinities (I’), and specific gravities in sitw (a,), of the samples,
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Table II1. 1::1‘.‘{-:-; the data for the 1904 cruise. The Im:-'-itinlu-; of
the sounding stations are given on the charts (Plates 1. and 11.).

A number of samples for gas analysis were collected during the
1904 eruise.  The tubes were sent to Professor Pettersson, in Stock-
holin, and the :1I|:||I'I;‘:-:1:.'-'~ carried out |}‘\' Miss A ]':lllnq'ltiﬁr in the
Hogskolas Laboratorium.  The results are given in Table IV.
Columm 1 gives the number of the station, as in Table IIL ; columns 2
Elllli :'; tlli,'! {]E"EII]I.H Il!.'“'lll l||'|']|.il'|| t-]]l:’ Hillll]llﬂ".‘i wenre {Illtilllli_"lt: ﬂ'”llll'llll I t]IL‘
amount of mitrogen (N.), measured in ec.e. at 0° C, 760 mm.
pressure, absorbed in 1 litre of the sample; column 5 the amount
of oxvoen (U..,_JL measured at the same temperature and pressure,
absorbed in 1 litre of the sample; column 6 gives the amount

T.C.,

of oxvegen expressed in per cent. of the whole gas absorbed
;:i[:_{:;g; column 7 the amount of earbonic acid (CO,) measured
in 1 litre under the same conditions.  This carbonic acid is partly
absorbed, pzll‘“}' in chemieal combination,

With reference to these -'III.:I]I‘I.'HJI'H, Miss P:Ill]lllllir-'-t writes :

‘Beveral tubes were so thinly deawn ont that it looked as if they
were melted together, though they really were open. If a tube is
open, the nitrogen and oxygen can, of course, not be analyzed, and
usnally I do not either determine the earbonie acid, as the result often
becomes too high.,  DBut as the opening of these tubes was so very
capillary, 1 thought it better to analveze them ; the results are
marked * 7

“The point of the tube from Station 41, 150 fathoms, was quite
hroken, and the result is obviously too high,

*Both of the samples from Station 8, 1,200 fathoms, were not
melted together.  The air babble in one of these tubes being rather
small, and the thin tube being qunite filled up with water, I thonght it
Just possible that the nitrogen and oxygen might he corvectly deter-
mined.  Although the result was too high, and some air must have
come into the tube, something might be got out of the analysis,  The
deep water at the Stations 2 and 8 seems to be about the same, and the

13—2
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nitrogen i this sample might be supposed to he about 1440 c.e. per
litre.  The nitrogen that has come into the tube from the atmosphere
then amounts to 1979 — 1440 = 539 ec.c. per litre, and the oxygen
may be caleulated at 1-43 e.c. per litre (aiv = 79 per ecent. N, 21 per
cent. (1), The water :-uunp]i.- should have 14-40 c.e. N., 594 c.e. O,
29-17 per cent. O,

Column 8 of the table gives the temperature in sifi of the s-'..'lml‘.l]{_-
(Table IIL), and eolumn 9 the temperature of saturation caleulated
from the amount of nitrogen by a graphical extension of Hamberg's
T-'Illll'. ’I.‘]H.’."H." \':11“1':-: l'r "I'\-:. l“'llil'lil '.IIF not I"“.‘IIU?‘H ti I:||:|I T I‘.I:I-EI.“
approximations, are of great interest, but their number is too small to
Justify full discussion.

Two !mitlt:-'u arise out of these :111:1]}':-'-1*.-1. The I:i.l";_*:l.' amount of
carbonie acid in the deeper Mediterranean waters is very remarkable,
for, as Professor Pettersson has ]minh'{| out to me, in the Scandinavian
fjords the amount of CO), per litre never exceeds 50 to 51 c.e. even if
the oxvegen has been reduced by the action of animal life to 4 or 5 per
cent. of the normal.  Yet it is suggested that these Mediterranean
waters are of Atlantic ovigin. The second point is the ocenrrence of
a minimum of oxygen in the Atlantic at a depth of 500 to 600 fathoms.
This confirms the results of the temperature and salinity observations,
and suggests that in this particular case at least the method of gas
analysis is the most sensitive. It seems well to defer further dis-
cussion until the observations of Dr. Wolfenden's 1905 cruises are
availahble.

As has been stated, the soundings mav be conveniently grouped in
a series of sections.  The stations in each section are as follows :

1905,

section L., vee  Stations F3, I'9, Se. 194, Se. 154,
L 5 Fi, F9, Se. 194, Se. 154,
|1 e st i F5, F4, F3, F2. Fl.
BN o 7. F8, F9
M adis s E15, E16.
VI. El5, El4, E13, E12, E11,

E10, E9. ES, E7, E5.
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[RILIES
secetion 1. ... =Stations 1 to 20,
= | e " 22 to 51, 33 to 44.
I, ... n 48 to 51, 53 to 59,
PV = 15 andd 53, salinity only.
V. ... 3 aa and 35 i

OF the 1903 seetions, Section L. forms a line ranning north-eastward
nearly along the centre of the; Faeroe-Shetland Channel. It is extended
northwards by the use of two of the International stations, the data

heing extracted from the Bulletin, The dates of the observations are :

Station '3 ."1115_-;||:-»:I. i
- F9 ... T |

i wesldR L w2l
=e, 1oa - [

So that they may be regarded as fully comparable,

Section I, is the same as Section 1., except that it begins at
Station F4, more to the westward,

Section II1. extends practically from the Faeroe Bank to oft the
Flannan Isles, I'ij_!;hl_ across the sonthern entranee of the ehannel.

Section IV, is roughly parallel to Section I1L, but farther north,
bevond the Wyville-Thomson ridge. It begins on the Faeroe Dank,
but ends at Station F9, in mid-channel.

Sections V. and VL. are oft’ the west coast of Ireland. The two
Stations, 1515 and E16, are |]l‘.‘|1'|“|.' cast and west of one another : hence
Section V. gives some idea of the changes of distribution from the sea
towards the land,  Section VI runs due north and south across the
shallow bank to the West of Ireland.  The middle of the section almost
touches the 100-fathom line, and there is deep water at both ends.

The Sections [, IL, and TIL for 1204 follow the three lines :I[i‘L':|l|_‘!.'
deseribed.  Seetion I extends from the South-West of Treland to the
Azores, Section I from the Azores through the Straits of Gibraltar
into the Meditereanean, and Section 111, from a |minL (Station 38)
south of Cape St. Vineent to opposite the mouth of the English

Channel, in line with the International Station 14, Seetions IV, and
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V. conneet up points on the other lines with Station 53, the chief

station on Section T at which .‘-'uE’LlII!:I]i.'H were taken,

Perhaps the most striking result of the minute study of special
parts of the sea which has been made during recent years is the recog-
nition of the wide range of variation in the movements of waters from
season to season and from yvear to vear. It has been shown that not
only in enclosed areas like the North Sea, where varying land influences
are important, but in the open ocean itself, the enrrents are constantly
changing in divection and speed of movement, and the same parts of
the ocean are occupied at diffevent times by water derived from widely
different sources.

An immediate consequence of this discovery is that the problems
of oceanography are vastly more difticult of complete solution than
was supposed. It is now practically impossible to draw general
conclusions as to the civenlation in a given area from one set of
observations, however complete ; the records must extend over a
number of vears, and include different seasons of the vear precisely as
in meteorology.

Under these eircumstances it scems useless to attempt a general
discussion of Dr. Wolfenden's observations.  They form a very
valuable contribution, probably the most valuable ever made by a
private individual, at least in this country, to the steadily increasing
amount of material ; but the discussion of the 1903 observations really
involves the whole question which it is one of the main ohjects of the
International Couneil to elucidate, and the 1904 ohservations refer to
an area about which we have not as yet anything like as much
information as we have about the Faeroe-Shetland Channel. It is
permissible, however, to state shortly the main features of the dis-
tributions shown by the sections, and to compare them where possible
with those of other vears.

1903.—The sections enumerated above, and the seetions * Faeroe-
Shetland,” 1. and IL, for the same period, published by the Inter-

national Couneil, suggest that the events of 1902 are being repeated,
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but at a much later date, and with less intensity. A wedge of water
of salinity over 355 lies with its axis passing almost directly through
Stations F4 and F9, and the same axis of maximum salinity passes
through Stations Se. 194 and Se. 154, although the actual values are
lower. A :|u=1||ti1.‘_1.' of water of sulinit:.- over 355 also appears at the
bottom at Station l"'_J'_, Section L1 ; and at Station F;Ih'? Section V.,
there is a maximum of salinity (over 355) at a depth of about
120 fathoms. It we compare the May and August observations at the
International Stations Se. 194 and Se. 154, we find that while salinity
15 ||EI5_1;F|1;-1' at the former station in Aueust than in f"llu}‘t at the latter
station 1t 1s lower.

Again, in Section V1., water of salinity less than 355 appears at
the surface (Stations E12 and E13) to the north of the shallow area
which extends westwards to the Poreupine Bank.

The general sitnation wounld seem to bhe that after the month of
May there was a decided movement of salt water—salinity about
Sl per mille—towards the west coasts of Ireland and Seotland, and
that this water banked itself up and flowed partly downwards (note the
isohalines of 353 and 352 in Seetion VL) and partly northwards into
the Faeroe-Shetland Channel. At the date of the observations the
northward movement had almost ceased, and water from the Nor-
“’l'_':_"].:lll S0 WS lllilliijl_'_'.' it"\- “':l:u' ﬁlll]lll“’:tl’ll :IIH'I'II'_J.' tl]l‘ castern Hii:ll‘ “Ir
the Faeroe-Shetland Channel. It can be traced from north to south

as follows :

International Faeroe-Shetland, Section 1L, Stations Se. Ly and Se., 1354,
g = Section L., Station Se. 196,
Silver Belle, Section 111., Stations F1 and F2,
5% o V., Station E16,
o & V1., Stations E12 and E13.

Some im]ml'lzllu'l' nay he attached to the increased steepmess of
the gradients of temperature and of salinity off the Continental shelf
at a 1[1'1r'r|:| of about 700 to 800 fathoms. If we compare the salinities

at Station 5, 1903, with Stations 2 and 5, 1904, it is noticeable that
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a similar feature occurs, although less well marked. A salinity of
533 per mille oceurs in both cases at a depth of about 850 fathoms,
and this would seem to indicate the limit in IIL'!I[.II of the surface
system of movements,  The point is well worth further observation.
At depths greater than about 900 fathoms .'-'-:IHII]I!:I\.' sectns to -;-hnug{-
very little with depth—at least, down to 2,000 fathoms ; the lowest
salinity in the 1904 Section L. was 35-21 in 1,600 fathoms. But north
of the Porcupine Bank (Section VI, 1903) the salinity falls suddenly
to 552 at about 800 fathoms, and then slowly to 3508 in 1,500 fathoms.

The observations of the Silver Belle in 1903 afford definite infor-
mation about the extension southward of water coming from the
Norwegian sea over the Wyville- Thomson ridge.  The occurrence of
these southward movements may now be regarded as proved, and it
seems that thev take place pretty frequently, if not every vear. The
question of the cause of these changes is one that can best be dis-
cussed after the observations of the International Couneil have been
kept up for some time longer, but the work of the Sifver Belle in
depths bevond 700 fathoms seems to support the hypothesis that we
are here dealing with stream eurrents set up by the banking of drift
water against a mass of land, in the same way as the LEquatorial
currents give rise to the Gulf Stream.

1904.—The outstanding features of Section L.—Ireland to the
Azorves—are easily deseribed.  Temperature and salinity increase at
the surface from north to south ; vertically they diminish together till
the isothermal of 47 and the isohaline of 553 are reached at depths
varyving from 830 to 1,000 fathoms, At these values the lines are
practically horizontal, and bevond 1,000 fathoms the fall of tempera-
ture and salinity is extremely slow. Whether the view that these
iso-surfaces represent the lower boundary of the surface eirculation
be accepted or not, it is, I think, evident that they indicate a eritieal
level of some kind, and that they are practically horizontal along the
line under consideration.

The distribution of temperature shows few irregularities, the chief
being a *hump’ of relatively cold water at Stations 6 and 7 between
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300 and 800 fathoms.  Salinities show a remarkably large volume of
water between 356 and 358 per mille down to 500 fathoms from the
Irvish coast to Station 8. It would seem that the increased surface
salinity as the Azores are approached is due to inereased evaporation,
and the general impression conveved by the temperature and salinity
sections together is that the line is nearly perpendicular to the direc-
tion in which the water is murirt}.‘.‘. if it is :um'in:_-: at all.

The main question raised by the remaining sections is that of the
effect of the extremely saline water lowing out of the Mediterranean
through the Straits of Gibraltar. The effective width of the strait
may be taken as about 71 miles, and depth about 200 fathoms.

Below the level of the = sill * the temperature on the Mediterranean
side (Stations 43 and ) is uniformly 12-5°, and the salinity 386
The plane of separation of the inflowing and outflowing waters lies at
i ll{_"Ilt.Il of between 30 and 100 Fathoms at Station H4, and in the strait
itself (Stations 42 and 45) between 100 and 150 fathoms, apparently
nearer the first ficure. Thus we have an outowing stream some
70 fathoms thick and 7 miles ACT0SS, {‘l}II:-LiHI’]IIIf_': of water which at this
season is of practically the same temperature as the water outside in
the Atlantic, and 2 to 3 per mille salter than it.

It 15 clear that the outtlowing water at first streams over the I‘illg'{t
and falls down, mixing rapidly with the fresher waters, until it hegins
to reach the lavers of equal density in the lower temperatures helow,
Thas :Llhp:u'l_*uﬂ:.' i|:1]rprn.-¢ at a depth of about GOO fathoms, and from
this level the horizontal movements are more extensive than the
vertical. At the time these observations were made it would seem
that the influence of Mediterranean water was inappreciable west of
about Long. 22° W, and below 1,500 fathoms.,  Northwards the effect
is still apparent at Station 53, where therve is a remarkable steatum of
water, salter and feavier than the water above and below it, between
1000 and 1,200 fathoms.  This is the ouly *inversion’ of specifie
;_.':I':l‘i'i.r_\' “-i]i[.'ll LS i]'l t]“'!‘i[_" 'llllﬁlf'l'f:ltilll],‘i. ill]'l. it El“l'.‘\- naob Seen l;"il!-ll\.'
to account for it. It is E'l'l*[ilillll\.' i temporary 'E||||;-n::||11;=:]4.m, lts
oceurrence so far north, and so close to the land, is rather unexpected,

14
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and suggests that periodie and irregular variations of wide extent

probably oceur in this coastal belt.

TABLE I.

Posrrions oF STATIONS, 1903,

M. W, N. W.
Station Fl iy 51° RG' 112 244 Station E15 ... 55% 47" 129 238°
E2 51° 46 122 16 = Els 5% 437 102 12
K5 512 O 12% () i R Ha® 34r o 1
E7 512 30 12% 00 P T T B B85 35¢
s Ha® iy 122 Oy r Fa 5g9° 18 FLi i
[D81] S R Yl 12® 00 . F4 .| boenor 89 gar
RO R 53° 00’ 112 5F" L AL L GO 29 0 Ao
= Ell 83° 30 12 00 o Fii GO 41" &2 hir
g E12 54% O 122 00 = F7 G1% 01° T2 43
i 4 542 30 122 (W) = Fas GO* S0 oy
A ] 4% 45 127 O AR GO® 01° G2 04r




IHHI.—HYDROGRAPHICAL OBSERVATIONS MADE IN 1905.

Tue observations made to the west of Gibraltar duving 1904 having
established the fact that a regular survey of the region in connection
with the international observations was of the first importance,
Dr. Wolfenden sent the Silver Belle over part of the area at the end
of 1905, Soundings were made at eleven stations, beginning near
Station E4 of the international series, oft UUshant, on November 8, and
ending in the Strait of Gibraltar on December 20. The line closely
follows Section II1. of 1904 as far south as Station 51, and then runs
south-westward to Madeira, vepeating the line of Section I1., 1904, to
the Strait. From the remarks in Captain Henry's log, it appears that
the work was carried out under great diffieulties, and its successful
achievement is a remarkable example of endurance and skill.

The total number of temperatures and samples obtained was
seventy-six. The chlorines have been determined by My, Manley,
and all the observations treated in precisely the same way as in the
previous vears. The results will be found in Table V.

Sections L. and 11, 1905, show the distribution of temperature and
salinity disclosed. Section 1. is, in its northern part, comparable with
Section 111. of 1904, as has already been stated, and we have now the
advantage of a section showing salinity as well as temperature.
Section 11, is, of course, comparable with the Section I1. of 1904.

The general type of distribution is the same in both years, and
there seems little reason to suppose that the type is not constant, with
a wide range of variations, There is, therefore, little to be gained by
further detailed discussion of the two vears’ ohservations, as they do
not supply sufficient material to enable us to ascertain the full extent
of the variations, and how far they are periodic or irregular,

A few points may, however, be noticed.

In 1905, notwithstanding a much lower surface temperature (prob-
ably chiefly due to difference of season), a larger body of relatively
warm water ocenrred at intermediate depths oft the Bay of Biscay than

107 14—2
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in 1904 (compare Stations 2 and 3, 1905, with Stations 56 and 58,
1904). Again, the salinity of Section L. indicates that the Mediterranean
water, represented by the layer of maximum salinity at a depth of
about 600 fathoms, had moved mostly northwards, forming a stratum
of over 36 per mille about 500 fathoms thick at Station 5, and over
A0 fathoms thick at Station 3, but thinning to about 100 fathoms at
Station 4, oft’ the coast of Spain.  The thinning at Station 4 may be
due to downward movement from the surface of water drifted against
the land.

The supposition that the movement of Mediterranean water was
more northerly during or just before the second series of observations
than in the first, is confirmed by a comparison of the sections east-
ward from Madeira to Gibraltar. Taking the isohaline of 36 per
mille again, we find its western extension at Station 34 in 1904 and
Station G in 1905, a difference of about 140 miles ; the layver of water
over 36 is thinner, and the layer under 36 being correspondingly
thicker,

We may, therefore, conelude that at different dates the extension
of water from the Mediterranean varies very considerably northwards
and westwards, and possibly also southwards, though as to this we are
as vet without information.  Whether the variations are periodie or
irregular, or (as seems likely) both, we do not know. The causes of
these variations must necessarily be extremely complex, as they are
probably due partly to far-reaching changes in the movements of the
Atlantic waters, and partly also, though in a less degree, to fluctuations
in the volume and salinity of the water pouring out of the Mediter-
ranean. It seems certain that the northward movement of the
Mediterranean water mayv extend at least as far as the entrance to the
English Channel, and it is obviously of the first importance to
determine how often, and under what conditions, this takes place.
The eonditions which give rise to the formation of Rennell’s Current
may induce something of the nature of upwelling of waters west and
south-west of Ushant, and such upwelling might bring Mediterranean

water to the surface and into the Channel.
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No. of
Sample.

E=rI-F - T

=1

10
11
12
13
14
15
L6

15
19
20
21
pad

23
2

25
26
29
28
a

30
31
32
33

a6
a7
A=
39
Fiy
i1
42
43
B
553
46

LR

Thate, Position.

June 11 | Station El

| #

12 | Station E2

| L]
|
=1

| us
25 | Station E5

T | Btation E7
3

& Station s
L]
1%

Station K9

LR

Station E10 ...

:-i.t:ut.i:.ul El1l

1

9 Station E12 ...

LR

11 Station E13 ...

TABLE IIL

Op=sERVATIONS, 19035,

Depth.
Fath. = Metres.
] 0
60 110
1340 238
[y 0
1oy 183
200 366
S00 Hi9
400 732
S 914
( 0 |
L0 183 |
Fk Sl
300 D
400y 732
Dk 914
GO0 1,097
700 1,280
200 1,463
200 1,646
1] 0
300 R )
GOO 1,007
(i 0
150 274
250 45T
] ]
Gl 110
120 23
] ]
ai) 0]
05 174
0y iy
Ll 128
145 263
iy ]
0y 153
0 A
0 ]
10D 153
200 366
J0H) HE R
413 T332
BN 014
600 | 1,097
700 1,280
s 1,443

Temp.
0

150
103
102
128
1045
104
102
100

&4
145
103
106
103
100y

94

Helh

Cl.

1978
19-70
1956
19-49
1967
196
14965
1974
159-64
1964
1973
19:7%
1950
19-73
19-75
18G4
19:70
19-70
19-71
| R
196G8
156G
14964
1965
1962
1961
19-61
19-63
1962
1963

36 66
3573
3559
Ja554
3521
3553
3555
Sheah
S0 6
3507

3557

26-45
2754
2741
2605
2730
27-33
aT-38
2745
2774
2660
27-33
2734
av41
2746
27-59

T =T Q3 =1 =1 =1=F

i
s =1
s

- R P R LT LT LU BV §

66T
2747
2747
G-T2
e b
2740
ST ed 2
2747
2763
2771
2704
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TanLe IL—OpsErvaTIONS, 1903 (confinued),

| Depth.

No. of ] s Tempn !
Sample. Drate, Position. <0 L
| Fath. Metres,

47 | July 11 | Station E13 ... | 900 | 1,646

i3 | 1952 | 3526 | 2799
ol : .|1,000 (1820 | 3% | 1943 | 3510 | 2794
49 i i . |1,100 2012 | 38 S P
a0 i pa | L300 | 2277 | 21 | 1945 34010 2708
51 . i .. | 1,500 | 2.743 | 31 1942 | 35-08 | 2796
53 o 13| Station E14 ... 0 0| 130 | 1967 | 3553 2683
53 i = | 100| 183 | — | 1964 | 3548 | —
54 i | 200 | 366 | 94 19-63 | 35-46 | 2743
5 » £ ool 300 | 549 | 92 | 1964 | 3548 | 2748
1 i %t .| 400 732 | 87 | 1964 | 8548 | 2857
57 £ L .| 500 | 914 g2 | 1963 | 3546 | 2763
hs g = 600 | 1,097 70 1964 | 3548 | 2781
59 i S .| TOD 1,280 | 56 | 1958 | 3537 | 2792
60 f 2 .| 800 1,463 | 50 19448 | 35-19 ! 2785
61 i i ol 000 1,646 | 4-1 1946 | 3516 2702
62 £ - e 1,000 1,829 | 3-8 T | [ ==
63 E s L1000 | 2,012 | 36 1945 | 3514 2706
64 i & 1,800 |2.377 | 32 — — —
65 ; o v | 1LBOD | 2,743 30 19-46 35016 28-03
" 1] e 1,-177 3,354 T8 —_ | e o
66 | ,, 16 Station E15
(chalky ooze) 0 0| 137 1966 | 3552 | 2666
iT = i o e | 100 | 183 W5 1966 3552 2746
(it . o .| 200] 366 | 93 1963 | 3546 | 2746
69 B i w oo | 00| 549 | 86 19-63 | 3546 | 2756
T " 4 o -ee| 400 732 #:1 1962 35-44 | 2763
71 : - e T T8 1958 | 35-37 | 2763
72 i i o e | 600 | 1,007 70 19-56 | 35-34 2771
i3 " w o omoee| 700 1,280 60 | 1960 | 3526 | 2778
74 i i . .| 800 |1,463 | 50 | 1944 35:12 | 2779
75 5 = o oo | 900 (1,646 | 4-2 19-44 | 3512 | 2788
76 i - w - | 1,000 (1,829 | 38 1943 | 3510 | 2701
77 Z - o .- | 1,100 [2,012 | 36 1942 | 35-08 | 27-91
78 2L 2 o eee| 1,300 12,377 | 32 19-42 | 35:08 | 27-05
79 = i oo | 1,500 | 2,743 30 19-42 | 3508 | 2797
& ul  ae | 1,561 | 2,854 28 e —_
80 » 19 Station E16 | ! I
(chalky ooze - | '
hottom) ... 0 0| 136 | 1960 | 3541 | 2663
81 " s omoee| TOO| 183 | 96 | 1966 | 3555 | 2746
82 i w  omo.| 200| 366 | 93 | 1964 | 3548 | 2746
83 ., 4 o | 00| s40| 86 19-62 | 35-44 27:54
54 i o oe| 400 T32| &1 1961 35-43 | 2761
85 2 4 v x| HOO| 914 | 2 19:-67 | 3535 2768
6 s it v el 600 11,007 | 63 1966 | 35:34 2780
BT i e o .| TOO (1,280 | 5% 1946 | 3516 2775
SR ' s 800 (1,463 | 50 | 1944 | 3512 | 2779
=0 - i a eee| 900 | 1,646 42 19-43 | 35:10 | 2787
O] e . i oo | 1LOOD |2,829 1 36 19-41 3507 27-90
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Tavre [I.—OBsERVATIONS, 1903 (condinued).

| [hepth. I
g‘;ﬁ;]ﬂ:_ Date, Position. | Tomp || . | P
| Fath. | Metres. [
|
91 | July 19 | Station E16 ... | 1,100 2012 a3 1941
92 : w  woee | 1,300 |2.877 | 30 | 1940
93 | Aug. 4 Station F L 0 0 133 19-59
04 - - | 10O | 183 92 15
05 w 0| Btation F II. .., 0 0| 133 196G
i s o 100 153 9-4 1496
a7 i i 200 | 366 9-2 14+
L & n e | SO0 | 549 5o 196
99 w G Station F III. 0 0 129 1963
100 5 % i 100 153 0}t 19-63
101 - 200 366G B 19-G3
102 o i 300 | 54D 54 19-63
103 i 00 | 752 52 19-53
104 i " OO | 914 =) 19-G3
105 i i BOD 1,007 70 14963
L0hi o o T00 | 1,280 o 1959
107 i . ...| BOO | 1,463 -4 1958
100 = T | Station F IV, i 0 137 19-6Gi
10w ¥ . 100 | 183 | 90 1966
110 i i 200 | 366 B6 | 1963
111 i KN ) 84 | 1963
112 - - 400 | T3=2 g2 | 1963
113 e = 1] o914 79 1933
114 ¥ i GOO | 1,007 - 1963
115 e e v | TODO | 1,280 5l 19-653
116G B H| Station F Y, .. 1 0| 110 1965
117 : ? o100 183 | 83 | 1964
118 " . o ...| 185 | 339 50 1960
1149 o 9| Station F VL 0 0| 100 1963
120 3 | . . a5 il 0 19653
12 i o AT i 119 9+ 146
122 w 13| Station F VIL ] 0| 107 149610
123 ! | . eea | 100 183 | 81 [HEH
124 : ] 2 200 | 360 | 66 | 1960
125 K s 300 | 549 2-4 1945
126 o = e | 450 h] i 1945
127 o 14| Station F VL. (1 0| 114 19-G3
128 - - oo | 100 123 =0 19-G3
1 24 i i W 366 "ol 1956
1300 o A0 D49 he3 1953
131 = " o) | 732 140 19-41 35407
132 i i we| DOO | 914 0 1934 25403
133 w17 | Station F TX. 1] 0| 1146 172 SheG
154 2 ! 100 153 g R 3552
135 it S W0 | 366 s R A5e50
136 2 i 00N 549 13 1963 3540
137 o = 400 732 05 1941 35-07
|35 @ 2 SO0 | 914 05 1941 3507
130 i . 590 -0} 19-40 3505

1,079

2761
2763
2967
7R3
2709
2718
aTe2
bl ]
733
a7 40
275
2716
2761
2782
2812
R
707
2756
a7-h3
2788
2812
28:19
2717
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2815
it 1]
2890
b |



s

3 and 1904

I Observations, Novth Atlantic, 190

ydrograph

H;

112

O 88 | GR.UE | 1961

V. L5 BROE | BG6l

18- 1% | 18.9% | 28-61

CF.I% | OL-9F | DL.61

6. 08 | OL.5F | 8f.61

G e T

.01 £21 0oL
#5010 16 0%
.00 L G
48T 0 0
et 60°0  O0F
-4 FlG 0iKE
0.6 £ 0ok
1-01 6FG (il
il R ili4
G001 E5L ool
8-01 16 0y
Gal 13 R
85T i} i
g R [l
i F 004 L
f 8- OFO'L | 006
¥l §5°T | O0d
Hs B8 Lan't | 00D
Uaii i (i
et (i 0o
o F-01 a9 [l
401 il | [ifi]8
01T (3 (i
A uf GR
1 L ] L]
0.1 (it T | BOR
-0 £OF 1L 0y
P8 2601 ]
0.6 ol O0F
70T 995 00%
011 bl | il
el 103 04
LA oF e
851 0 0
.
ERAA | tEwonpieg
“_._._”_...__.._._.."r.: RILIFE YA
uy guiagg

“ | yfnos
= 81 | ATy
|
= £.61 | qdnoy
|
[
| [
|
|
il
a[puai
= L3 i
[
_
i z
qorm | 0FL | Hiddorgy
D

“mojog  Cdmag,
o sanyes . JIpV .

FOG1 "SNOLLYANASAO—TIT WTHV.L

=

“Mug

“LIBL | | [
Aavan "y | |
pue £y | “M'§ _ _ m
Jemoaasdy | O3°AL AN B B N O GF | WUEER JEGOUALC G
|
m
]
_ _
| |
_ |
Ays { . {
Apnoja | |
Ll WY U M LLE BTN 0T 6T _ TR R (gL eunyt | f
_ . _
| |
_
| |
| |
m “
W Eans _
L TET M 8B GFL N S5 05 | wed o j[gewnp | T
1 _
|
| |
|
Llfﬂ. 1
vl | &9 AN [CATE DD N LS 0% THO0W ST OF aunr | [
RETTEERTY LAY R TR [ ST L A | “ATRVE] W] -PUNeE

Lot



113

North Atlantic, 1903 and 1904

iong, .

ieal Ohservati

pelrogrraphi

H;

2184
G0-86

£0-58
P L5
ol-i5
i B
0F- L5

= b= = O = 5

BLRRYD

3

1561 |
08 6T |
B4.61 |
2161
0561
08-61 |

061

EO6T |
66T |

L
G061
-G 1
§L-61
6T

6l
EL
il
]

gl
Tl

2l

ol
11

=W L el ]
—

=

=TT

e T N
— e —

CATIE-T

b

0 "
1SS O 00 b e B

lm'.':l-c_-'["-ﬂ}.

=
"

-
a

ool

SwE g
e =TT k]

L]
O D e 2
—

——

o .

ToOEoS CwD S
——

|11
OF'1
Lan't
ey
ang
Sl

[ (i)

aF

o A
Gas'l
ORI
rlg
A

BEE
Bl

005" 1

iy o
%.__..E____

091 FYETY

el udnoy
00%°1
L |

0oL

LY

G0k |

00s _

oot _ | A ol
g HEEEE )
A § yinoa
G017 | Aapieyg
0Lt |

00E'1 |

Oo1L°T

000°T

i |
[iIEH woay [[Ras

oo | | wnEaa
— | 081 qvnj

0ot _

0001 [
o0g |

UG

0oF |

00

A

Bpnage |
patariap _
Aavapp _

any

“aTRaN
fEy AL

TGO

MG LT N OF 0T | -1aNY 42 P-nn._.h_

TAea[0 A4S CALE WS M L0 L

oty

iy
Apmopny

M

Bl
e
B R

"M AG BT

AL BE ST

"N BT oLF

"M BT B

NG CBF

e g | §c aung
W E |G U |
TURON | Of aunp

°

g

e ]



. North Atlantic, 1903 and 1904

HOES

jdrographical Observal

H

114

...b

| |
_ 05T | _ |
007" T . _ _
01 |
(s | [
LH] _
| (111
(e
01 .
G | |
0T | “Tems AE "N ‘ozeaadq |
0 — | 081 epuwep | Apuey | igfry | ML .50-03 N .E1.FF | wvg | g &mp
15-2¢ | 63-61 §RL'G | 0080 _ |
16-58 | 6F-61 LS8 00E"1 | _
CE-GE | 1961 L BOT°L |
fF.08 | £9.61 GE0'T [T | _
T0.08 | 0051 08E'T | 0L {
| 2L-9% | 0861 | Flg ()
$L.5% | 826 615 | 008
mn.mw_ wmm__. 81 01 el | g )
e =T ﬁ&. 4 :.n_...s..m. “1Eed .a—am_-: | | LLELER 1)
CR-0% | 0651 0 i [ 0 i Aoy e £ | CUUETH TAL B0 BTN LR BE CAp v | g Sup
Fit
LE [
0 |
H-F _
Lo |
T b | _
01 |
g0l | | |
L. 11
L |
¥ _ L i
0 — mEiepo]y | Lamopp 0 BT | AN BT LBT | M B0 .0 | wew | § Aop
) |
| WAL | CEWSgeg
A 19 .._.___,___.,.“_...uf lusng, — { E_ﬁ_ g EEUELETTY P apnypiory | caprpey | amog] _ Ay

ap pgdag

(ponuijuns) POGT “SNOILVANASIO— 1] 214V ],

11

LIk

| Ay
| -punog
| e e



5. North Atlantic, 1903 and 1904 11

ser it

[ O

FaL

PEPF AN SRS SO E-
P DEmKI~TNNfmoamMmeeaToI

— =

0w W

el rograph

i

Iy

]
ini o

BELR
e

&

N "N Mkl g
1L Jliams L) {58 o1
- 080 dawep eI BN AR LB N LB | ureg [ 2 &mp | §r

EFLE LT |
CHLE 00"
LT | 0061

260°L | 00D

Rl OoF

HBHEL ool g M

16 09 . ANN _
ok ih B ERLE 3tan AR DQEaapee |
0 0 suyg | 0-LL yeows | yudeg | ol aqdey g RLLLE [N EF 8P| wooy | o fup g
BEO'E | 000°F _

GIFRE | O0G°L

S0

L] B |

DEG'E

EFLE

0hs's

Le'E 1

CEL'D | 003'I

EL0°E | 001l

GEE°L | 000°L

Gra‘l i

BORL | DOF

0R2°1 | 00l

60°1 | 00D

Fig Ll

18l Gk

GFG i

i Doz

B8 1 001 "A]snetaand

el s KA

L1 0 ANE] A<k]

aF % Hayp £ auy U] ‘m~d g

0 0 b s .21 | peowg | puv ave) | £104 AR UM LEE 08 N 00 LBF 03 woox | ¢ Aup | gL



3 and 1904

th Atfantic, 190

(el

A

! Observations, N

ydrogiraphica

H;

116

g | en'm | 00e'r | . m _
g.8 | L6'% | 008'L _ _ .
ov | Srot | oos | |
g9 | 0821 | 00l _ _
-6 Fid Ll |
.11 | 6Fg 00¢ _ _ | m
8-zl £R1 o0t e A\ _
A 14 (i AN i
L H-ﬂ. m__N.. | u-_-_.u.m _”ua._..___..n ..h.n..._._.u. -.E._.“F-L HHHUun—
5T [i] 0 | = |G6T | 8]3Eey) {LELRLLUK | WMELT M BT oS0 | N LEL .LF e g | of S| L1
o.f £HIE one'L
[ E:“m 007" T _
S Dk s _
-6 FIG o0 :
1-01 182 o0k “
011 L1 00
0.1 | £8T | oo _
201 14 (i
0-51 a0 cF | e |
081 0 0 — 01 L3 UM A FE GFE [N 89 iR | Wwimg _ .“T_:.:._ al
| 1
B0-8E | 87.0F B 5B BRLE | 009'L _
10-85 | £5.0F | €961 | 88 | 9.8 CEUE | O0B'L | _ _
66. 10 | §7.0% | B9.6T | 1% & 6R8°T | 000'T { | _ “
G085 | £2.0% | 6061 05 g.q £0F°T | 008 _ _ _
06-L6 | Z8.9% | G561 48 2.8 L60°1 | 009 | [
0017 | 80-4% | 9161 FE o 15! 0or _ _ _
¥E-4% | £8-G% | E9.61| 2% 0al 008 07 | | [
9% RO.08 | L6.61 £R BAL BRI (iTi] X [
FE-LE | 80-0% | 2661 1E 0-81 14 05 " | oupEung | cawsaag [
._...q.-ﬂ.._” uﬁ. ._L._..-. r_”._._.____.n _.:._.._...._._._”Hﬁ..un._ﬂv .nv.......-._. B ..u_ﬁ ....._..h..__”_ o] |
L1095 | ®0-9% | 26.61 | 08 211 ] | 0 o 081 AV Apmorny | AQCHUN ML 98 GBT | N LT oEF| WEQ g &g | g1
"y, r i Ji* |
| ) ety ok B |
zunnuu__—ﬁ _ "RIAO I
. ] 1 .w_”w_..”_.._"..._n sdong, —_— -......_...“"_.—“__u.“ﬂ ;_”_L..“"_...__"._.. g A P apnginey | epnanaey "I R |

g ypda

(panuipnes) FOGT ‘SNOLLVANISIO)—[J[ V],




117

orth Atlantic, 1903 and 1904

Y

ions, J

! Observal

e

pedrogrraph

Hi

Gr el 000° 1 _
. | Lo POFT | 00R _
[ | #L LBO°L | 04
86 el 0ok _
7 .50 | o5g I . "
_ 681 | 881 001 _
2L L H .
_ el | ¢ | m | | | s | N i [ b :
| I E 0 — | 0.3 | apuap | Ceuig WHT | 'MR.LE| N E L8| UON | 63 LT
|
F.8 e ZLF _ _ _ _
| 88 | s8¢ | ofF _ _ _
| o.1r | 6¥% 08 [
| 1.2l a0 | 00@ _ | "
L&l | &80 oot | [
| OFL | 16 | 06 puvs | _ [
_ 4T o | o= e P [ _
" g05 | 0 0 owedfop| LEE | WD W) HUS AT M 28 L8R N LT .88 | e g ﬁb.:,_ e
| | | |
g9 | 1891 | 0% _
0.6 £OF | oo |
8.1 LG0T | 009 ” [ _
. ool | &8 ang .
_ ¥ S pog 008 _ |
_ FEL | 8RBT a0t | |
o8l | 18 0 _ [
051 af on “azon Cleas | ME |
| 061 0 0 MO 005 | ANUOE _ Ll Awey M LS0.25 | N .IG.68 | Mg (gL dr| oF
68-Ln | B0-G8 | SL.610 BE 8.1 LG0T 009 ‘[aye “
£4. 1% | 0£.08 | DL.GT | EF i3 13 Al ik puw | “
0315 | $6-5¢ | 0661 & | REL | 008 (0T pues auy |
50.1% [ 80-08 | 2661 | TF | SEI | §81 | 001 | Swemy _ |
_ _ _ &FL 16 05 009 . _ ! .
| 0-81 aF on EAUNERS [1uh ] “._.Hu.____..m | | .w..nwm.f.._“ |
60.97 | 90-98 | £LCE | oF | 060 | 0O 0 PRH | 0-05 | Sawop] _ WL | WA N | CMLEE0F| N 8T 60 | ureg |21 ANr ) 6
. _ 08 ZEE'E | 008'T _ _
_ b-g SHIT | 00S'T |
_ 1.F GRESL | 000°1 | _
-4 L60°L | 009 _ |
| .11 aFe 00 _ _
81 | £81 00t _ [ |
0¥ | 18 o | [ _
05T | oF on “ 7 | “ms _
81 0 0 e 0.61 | Hmong G o IO T O A ..E.__ wewg g Ay | 81



. Novth Atlantic. 1903 and 1904

Fr

ydrographical Observat

H,

1185

=
B

- oo

5
el R

o = T

o oo
fx BT [ el

O 00 =W - = K

|
| o8
90-B& | BR.U% I8
L6-15 | BE-UF It
L IR &0
GL-IT | LI.08 (- i
HE- I | 05-0% 811
TE-IE | 16-08 geel
fllf | .08
I NGO  8T.90 | S0.08 091
H-01
EROE | 2E0E | RLL0F k-1
1)
L] 1 BT oy,

g gy

(panipor) FOG1 SNOILYANISIO— [T LTV,

{ (] g |
aF GE “Aep e
&1 0l LT ugs g Fupsmats
0 0 = 0Fe | ‘doeng | caealy UL | MG GEE]| M BT UE
GEGE 009°1 _
002°% | DOF'T
GR3°T  000°1
OsE°L | 00S f
FlLd 0og _
6GF3 LU | _
EEL LU | |
16 (4 { _
1 0% |
81 01 [ -Apnog
] i o 0. 8% mafel  ang anng | CALTACAL | CMESLEE [N LEBL G BE
598 _
(i) |
00 _
LS [ |
g (1T [ |
£E (01T [ |
16 0 pHEE _ _
H L | ELLECR K] | | taupmpEuns
0 iy otueagey | REFE | CTHERD g HNCN MG CFE [N PG 08
|
094°% | 00K _
i LI |
aFT D06 [ {
Q=L LIS | |
G 00 _ "
(il noE | |
ang D0E
£81 a0l
16 LI ‘pueg
O oo ._.._.__ﬁ O o .h..h._”_,u._._.
0 0 ol o7z | Addown | cLpnogn | WEAAl A 1AL BT DT | UM LOT IR
a
WALPS | Csmmopiug
: ._“_Hﬂ_.:.,. .a.”_,.h._‘ T AR g mups | Capndae | CopEe

e g

LU

W

e Anp

N oog Sy | 88
of fpop | G5 |
_ |
|
[
[
e dmp | |
b= |
|

ey
o R e
jo ox [



119

ations, North Atlantic, 1903 and 1904

Hydrographical Obsert

- T [
i § 0% 1 . . _ _
Pl £OF1 (e
| =y LG0T | 00D _
| Lot Fl& Ok
w0l | TEL 0% _ _ _
121 g 0k . |
Bl a0 (it | [ |
141 g8l BT | _
Wil [ (G |
61 Gt gz | | "M'N
0-E5 1 il WOA) [[eas | CRULIS0nE [
L.e% i i} — 040 FAmd] | =g [ s |*An.00.68T) N .18 <BE| ‘Wed [ OF Amp | og
[ | { [ [
£.0 BER'T | 000°T _ _ _ "
1-t SOF°1 [E 1] _ _ _ _
5 RO | 009 [
B3 rig 0k | _ _
701 aer ¥ | _ _ _
LI g 0 | _ _ _
Pl aon ok | _
FHL | 0oL ” _ |
sl | 18 0
o8l o) T _ _ | [ _
on &1 il | e | | _
L¥g | ¢ 0 - | pog| — Wy I ey A B0 08 N R SFE| e ) _,ﬁ Amp | s
6085 | 92.08 | ge61 | E9 Be 00FT | [ “
%0.8% | 50.00 | S4BT £ 5.8 005" T [ .
00-8% | §5-50 | g0l | 19 i3 0 1 _ [
00.87%  FO-GE | SLGT 0 O LB 0= | " [
$8. 05 | 18.00 | BR.6T | 69 £ i+ [
gh.1o | 0Lcp |9l 89 &0l (T
0F- 5 | 46-C8 | 0661 219 Ll z [
28,00 | 2190 | 0008 | 9% Wl 001
o ! i
i Boe s IR “.L Ww ST [
4.1% ol “f[ Ao b pue ‘A “
gl.05 FLOD | PEOE N B .08 i - o.of | dsupyey Apuony sy My CAVBLLIE TN RO .08 | wewg | g dnp | 85
. F2 B 1 _
(1 00z _
L I
[ (8 iy
&0l O
il 0 _
[ bl 01 |




Hydrographical Observations, North Atlantic, 1903 and 1904

120

al-86 | 8596 80.61 @ 4L L& WE6 'S 009’ T | | |
#0-8% | 82-9%  BG.61 | FL g.2 0959°%  O0F'I [ |
O0-8E | ¥E-9E 9561 gL o CEL'E  00R°T | |
L0:85 | BRGE $0.61 &L 1.4 A8 000‘1 _
-84 | 8895 SR.601 12 g2 BAE'L LTES [
L8-Ig | 0098 0G-G6T | QL 9.6 0L | 00D |
6.0 | GB-SE  06.6T | g0 801 el 00k
ALAR | 6828 B6.61 0 w0 081 fag 00
£0-43 | 16-08 OL-08 | 4 Pl TRI 001 | CleaE | {
sHUE 12.0F I[E-0% | 00 7-01 16 05 A0 { [
26.95 | G0.88 | £E-08 | <o 008 ok 48 Laman “DUTENUNE aianlq “ |
FE.00 o088 $E05 0 o & oh ] 0 0:-F% b | Laveg _ WAL N | M OLFT N BL.08 mreg | g oy | g
|
EOF°T | 008 " . |
Lan't (g _
FLG 004 ( _
ELL 00% ( _ _
.1 iEH 00e | | { [
681 | 09% 00T _ _ _
g1 | e8T 001 _ _ _
g0l % 0g u.::.a.m e | _ |
GhL af (- woags pue . |
L% | 0 0 35| EUMAE SN ) (= M 8T.C1 N.5.38 wes | g Suy | ge
_ |
0-8 7 [
i _ _ _
bl |
Ik B} | |
i1 [ _ |
9.01 [ [
g1
_ 0-£1 _
201 k|
| 981 [
gL ._”...T...:.n uns | Zaad] _
[+ AN ‘o _
_ 0.47 ILI03E I WA CCHCML M LRF AT | UM LSO E6 | wreg | (g dop | Qo
; apliuneg ..,nutu____" ] «dmag ; ) = . i A .wn_._..
g d L e L0 : it 35 AMITA N, Py SprRneT | Copmpe] | canog i G
uf iadagg .

(pamuipues) FOGT ‘SNOILYAMASHO— T[] 2AYV],



908 and 1904 121

LA

North Atlint

HOS,

.

jdrographical Observat

H;

w &
at wt
i

e

S S

=
= g

b

G- FL
LI |
218
[0

L

05

0l
HelH
[.11T
-1t
.11
-1t
ll
L0
L |
4981
g1l
001
051
05
(hed
Hani

=
—
&

7 bt
e e e e R =
e

— i

W

P

il S
G o

i

BEE

pr T

Gl
(i
'L
£OF°1
[ |
LEOST
FLi
oEL
(2N
i
BT
Lii
o¥

gl

OFa'T
BOF T
A
260°T
Pl
i
il
LI
L1
Loh
Hag
Fie
£81
g

oF

g

51

LL

#E8'T |
SOF'L |
LG0T
6
2L
Y
a9
g8l

16

]

5" 1
0001
(G
il
(L
LG
LEH
L]
0og
LK
(1]}
0

ol

LIIES

1]

A

F-65

0-Fo

"M

*BIETIE
LR

1

‘A EEerp
2zl

WHT | ML0LTT | N BL.He | —  (gicEny | gg

WUON M LGLIT| N SL.BE| — |1 cPey| og
| |

“I+3s [
ENTTREG T |
3 aEda | |

A O UUMEOELI N SRR — 01 Tuy | g |



Hydrographical Observations, North Atlantic, 1903 and 1904

122

.50 | ®#0-9%

50. 80 | HE-GE

RSG5 | L0.08
....hu i |

BOF'T | 022
08%°T | 002
[ kg LN
[ ohl LI
1 GFg LI
1 0ag 00g
[ ] | L
ik i g
[-81 ok on R
o g1 0L P prn ~Hug
o i 0 Aaaxy Bugpeg  -posdog
Fli LTI
Bl L1]i] 4
BEG 00g
ane Q0%
H] | LITHN
L1 0G
oF L
=51 11 [aas
0 0 - 09T | Auieg —
T ) A LT
2060 98 O0E" L |
oR 0% T
afsl | B8 (14" T
0661 &9 (e
0006 oF L]
b £ 0oy
ag.a0 08 il
O 5 61 001
&1.08 Fx H
IT0m | AL L ung
ol ‘oo o
006 | 8L 1} — _”__w"ﬂ Apmeg BT |
TEDMRRP | CSTHORE] _
o [ ey —— pno | et]  ws | oon
uy gl

A NN
LR
DA
Huoayg

SN ELBL)
DEBRIL]

P

A ponunues) pOGT SNOLLYAHHSI—[]] @1aV],

MGET LR

"M ER LG

BT i |

LY

Y

PR

— of Fuy | of
- {0 - T
RLTTRT T
iy
wweE O g1 9y 58
| =dg
“1HFT RO | Bl LTS
Jo okg



}ocied 1904 123

Hydrographical Obscrvations, North Atlantic, 190

L1G-BE
| ShER
| G6F.50
_ e 90
| GF-DE

PO

&0 68 | E0.eE

ShR
L 1S
La-Ee
515
B3GR
L Ta

LI AR LA
068 [L%k
BR-67  BORE
£0.68 | GF8E
FE-BE  05.50
D0-8% | ¥R LB
BL-I% | 0.0

PR L

0O0-G5 | BE5E
be
o0 L
T

g0.97 | 2000

6755
B2 13
5E- 13
o l%
FI-15 | 80-9%
o0. 1% | ¥5.08
2198
| z0.08
tl-98

| OE-SE |

bi =
[
1&. 12
B0 OF

| BL08 |

1z (7
i

2618
FLI7
5515
.18
b2
8. 18
9% 12
£1gf. (4
G 00
o O
OF- 08

OF. 1%
ok 1
2518
1% 1%
2115
19 0%

5 06
108

A
T 08
£1-0%
15 06

el i

b, 00
el
LR
05 61
LA
W O
BL0E
LEAL

LHA|
i |
el
PRl
el
e

Il

0zl
611
BT
nr
alt
GIL
FIT
gl
oll
it
[1]

0l
w01
ol
i
SOl
Fol
£01

ol

Lol
00l
Hi
Bk

Li

ag
6
b
T
o

Eol =4

-
L]

e @ 3
LN T -] el = el W R
e R

=
=)

gie
£l
s
uf
¥l
i

219
[
L5F
sk
)
E
i

L

[ 1A
007
{4
(118

L

(1
i 118
(]
(L1 1H
4E
L1
(ki
0T
04

[

LA
(i
LI
(1}
0oL
0%
i
01

o

ki
0oE
(%

0L
0L
0z
o1
]

-ty
a0
Al EE
“galli] s
-.:s

sME | 088

"D
e

sajyal

Sumendy (.98

A e
s[jats
sty
SO 3y
88V | 0.9%

my

.__“”_._..__-...._.t
@ __u.._.m._

B QLT

)

..__”_“._u.u
Ay

aw) | Cazanag T\

AWK
UGS PUE | 03 Ay £
aruy £aay meaR) Sy

Sy pre

any ._Ew..__. i Ut Y
]
LU TR ES
ELg U
g AR

TMOEE

AL LY BF

M AE T

M SR8

B JEG OR

"N UGk 58 oy g oo

MO0 DE

N /G 98

i u.r.mn

we g |en Sny

urd ges

yanp
o) WA | [E Sy

neE gL
o1 g | rp Sy

wmwa (g1 Sey

of

FE

A

ab

¥



SN
e ek — e
Ll N ]

#ﬁ-g

B

B 20 A0 D
o e o )
1 pi el =i i o e

— e e

)
(i}

“aplires

‘0 d B | iy

124 Hydrographical Observations, Norvth Atlantic, 1903 and 1904

s

(paiuimos) FOG1 SNOILY AMESHIO— T

GER'T | O00°L
E9F'T | 008
L80°T | 009
o8l | 00F
Lag 0%
B4T 0ot AN
LG 08 1G] [|amE
0 0 = G.5% | Aawol
0763 | 0091
LIB'E | 0081
G6E3°T | 000°L
088°0 | 002
FLG (0
et (1713
L1 Y (1
HoE (M
BRI (1]
16 (i
0 1] = 0. 97 —
|l
q's
._Hn_-._" ._”_..._._____&
= 055 | Huong
005
0%
Fa ook
s 00
nag (0
E81 oot Az wos
LU LI 090 | e Py
e
WM CAERA
SELY I B nag
Jo sy 1y
ny fpdog |

ki bl AMCNM
e apeg ey
AN
1Ay
HS moy
g WA
g K
EATTED ) LT
ATV

M LE 0T

“MED 0T

M LD 6

g L |

R
NFL AR oy woont o Huy | gr

il ¥
o]
W Ig.ng | v grcfoy | g
NLE98  — g Fov| gp
(1§

N LEL 0B 0] MoaaT | g cHny 0F

PRI =] e




125

North Atlantic, 1903 and 1904

A,

[ Observat,

et

i

ol

Hydrog

TL-8%
PR
08.92

| BG-HE

FO.55
G Le
0f- 15
OF-Lr
Gl 15
Ll-Le
Ly

FRHR

0558 | DU-G1
BE-G8 RY-G1
£5-05 ) TLO08
ql-98 1008
B8-08  08-61
18-08 | OL-0&
0k 85 | B6G1
| BE-61L

B85 | L1
SL-8% | 1008
|

GET
HEL
8T

SRl
TEL
e |
il
£
(L4}
Gl
x|

— e

PO~ VUNARS OTOoDFOR
= — - R Rl
P g

"

B0 e e g e

[
.

T RD AT e T 00D D D D e
S e RS D = e

-

-
= W
——

P11
811
85l

. T
=
=

!D':‘I-I:--Iﬂﬂeﬂ
P e e 1
] o -

?'.\Iml‘-‘cl"l'.'ll—
Mmoo o=
Tl o = = -

FLi
ofl
L EH
Big
£l
1
L1

E£L0°E
SFD°L
0EST
LG
e
£l

i

o0%
LR
00F |
005
ool |
05

000°T _

004G
OF
nog
(i

ao't |
n0E‘T
00E°1
a0t
il
04
ik
iliH
a0l

04
on

0001
(ks
04
il
LTl
001

004G
O0E
00g
Noe
LU
LI

oottt
006

L
004
00%
0ot
fi

0- 07

61

085

F0F

L.04

1

e
Lawag]

s
Aumg |

ey

|
|
LT | _

Aililonga
FELYY

|
“Aillongy {

Afpenbs - HN'N | CMCEFLOL N TO oS

enbs
WAPPE
CqiEqe CAE

e WAT M AL TN 0L o 1F

b HEK | MBS TN B OF

NN
[T
g

Ly fens  [CA) ST .00 (N BE 68

i}

Anoeays
— THNCN UALELGBL| M BE BB

ERER LU “AgaaA)
A 15y
LAPROLD | CHUNUND MBS LTTIUN 8Y o8

‘000

sl g

MR L

RE A |

T ]

L0 AT

a “pdag

g “ydog

Fadag

g ulag

1 ‘plog

82 ‘Suy

Fa

g5

[ 44



a5 F GER'T | 000°T | .
g1 gob'l | 008 .
-+ 66 LE0T | 009
= 001 ZfL O0F
= 0.0 | p9E ik
& 601 | €8I 001
i~ 811 1 0g
= .51 aF on |[RmE S
= g1 0 0 iuong et “ged | M 01.6 [N E0.Lr we |1f deg | g
whu P01 b L LY
= 401 TEL 0oF
o 501 BEG 008
i g.01 098 00%
m N 281 il .ﬁ.m_.:.q__»
= g.al 14 it ’ i s Oy r .
= B81 |0 0 Aoy — o) HCN N CMLOZ .00 N 6F 0F mooy op adem g
—
e o CFLT
L8 oG1'n
= o f 678 T
= 6.4 £OF'T
- S il
- %01 | zEL
. 0 L1 ane _
- 711 281
= 811 [ ‘UL a1
= 091 uf ‘[lams | uar ¢ any
= 0-61 | 0 favoy | WYV | CHNN | M.29.6 15
g g8 A
S B 6 61T
= 6-F GER'T
0L £0F'L
= 6 Lo T “waop
S e.01 | 7EL Surdp
-.l-ru 3 g v.-. .....h |
,.u.,.....: g. “." “_....w ::.”_____._._ ._fm___.._,_“___._..,. u
”f..-.. 0.Gl | L A ATEI] .
by 61 0 Koy - HINCN | TMLBT 0T e a4
H,h o ]
B Crime Sl e a o - =y e} all
.-mr WO CRUERMINg
H. | ep " | I ._._.._H._ﬂ__n .‘_n...u_”u._.ﬁ g2 ] R RETT PALL A apey o] “aprgpery AR R |
iaf 1] : {
o o et _:._zan_“__ TOGT fz_......_.__....._.“__uu.n,.n,. TIT ATV,



Hydrographical Observations, North Atlantic, 1903 and 1904 12

ANALYSES OF (GAS BAMPLES, 1904,

TABLE IV.

’ Depth in
Btation. | = " Kpee. | Opoe
Fathoms. | Metres,

{1} {2} 4] {4y | [5)]
2 1,200 2,195 14-25 580
o 100 153 1252 573

Lo 014 12491 455
700 1,250 1587 4495
100k 1,829 1404 505
1,40H) 2,045 1448 sl
1,570 2871 14-4% 5T
8 100 153 12-41 55l
200 B 12-24 aad
400 7o 1240 145
GO0 1,005 1294 429
L 1,646 — il
1,200 1,529 [19-79] [787]
41 10 15 [ gsta] 14
1) 153 11463 144
150 204 11-76 454
200 s | 1209 452
260 457 1187 416G
=L a4 11-84 411
G i} B | 1184 4401
4% 25 At —_ -
bl a1 1206 40T
100 1= 1213 4=
) A 11497 A
L o449 11849 410
400 782 11494 345
L 014 — :
44 1] Lt ]
S0y a1 - -
L 1835 1175 A0
200 | G 11'52 4148
B LT T H 1156 H
S Taz 1155 354
LT 1,097 11'52 472
T00 | 1,280 1217 | 885
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SWB0 (7)) 125 04
GEBE (M) 125 104
5405 (7)) 125 —
473 215 150
4854 1500
—- 152 105
8705 (7)) 128 10
HTa 125 10rl
Sl | ) 1irl
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5382 125 105
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V.—HYDROGRAPHICAL OBSERVATIONS, SHETLAND
TO NORWAY, 1907.
STATION S, ﬁrf,-—-."':i'irti,'llﬂk'r 1, 1907 {{rr'nff.f.wq'.ﬂ'{'ﬂ.

Lat. 60° 4" N, |.m|;_7. 0° 33 E. ”t']rﬂl of the station, 120 metres.

Metres. £ ] P o Remarks.
115 7003 3535 277% | Time, 1.15 to 2 p.m. Strong wind,
100 707 " 2771 NW.: force, 5. Air temperature:
=i T57 35:30 264 dry bulb, 7-0° C. ; wet bulb, 6:9° C.
i 758 & &7-54 Hail at 11.50 a.m.  Corrected baro-
0 599 = a7 45 meter, T671.
30 184S Hac] b i |
20) . oy 26-78
10 = S4-96 2676
0 10-585 3503 | 26085

t = Temperature in C.

S/ 5o = Salinity in °f

|'1|I,|"
a,= Density in sifu referred to pure water of + 4° (.

Srarion Se. T.—August 28, 1907 (Goldsecker).

Lat. 617 06" N., Long. 2° 01" E. Depth of the station, 131 metres.

M ebres, ! e i HKemarks,

125 719 3530 2765 Time, 5.25 to 6.55 p.m. Wind S.8.W.;

100 774 3595 2-h5 force, 2. Air temperature: dry
S 5010 - 27:51 bulb, 11:2* C.: wet bulb, 97° C.
(HE S 25 oy 45 Barometer (corrected), TG54,
40} 99 H 5 2rEl |
30 10-91 S4-88 2572
N} 1154 34-58 20741
10 11:50 2444 2550

0 11:G3 G458 26:17

150
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Lat. 1°

Metres

570
SN
250
SN
150
100
ball]
G0
4
30
=0
10

125

Fatlomis,

15
25
511
0
50

-

=2

Starox Se. 8.— August 28, 1907 (Goldseeker).

54
580
a5
598
782
718
{1’58
T1%
b 1
e
11-12
1125
il

=rarox 1,

LR
-0
14000
99
-5
e
e

3512

4503

50w
3508
3455
S4:65
40443
3305
Sk
S
S505*

30° N, Long. 5° 03 E.

270V
R 1
2701
BTN
a7 50
Rl ]
@0y
o914
2385
20022
2550
2550
R 1]

Depth of the station, 375 metres.

Bemarks.

Shight swell, Sunshine, Tine, 7,50 a.m.
to 12 poon, Wind 5.W. ; foree, 1.
Air temperature {||'_1.' hulb, 120° (., -
weet  bulb,  11-4 (. Barometer
(corrected), TGS'S,

* These salinities were redetermined,

September 21, 1907 (Silver Helle).

Lat. GO° 59° N., Long. 047" L.

L

35:28
3528
3528
93592
3550
435421

3598

2319
27-19
2719
2724
Q724
97-98
2748

Bemarks.

Thermometer used ;0. Hicks, No.
00,128, Wind N, stronge breere ;
h{".'l'l."p' swell : weather hlm'-'-'ﬂ‘_}' il
very .h||=.|:|||_'n', Time, T a,m, to 5.830
a0,
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Fathoms.

]
5
10
)
11
iy
)]
0

b i
I
Ui
06

6 .

-0
-3
1)

Srariox 6.—September 21, 1907 (Sifver Belle).

Lat. 61° 5’ N., Long. 2° O/ E.

il

3521
HHR |
Hh|
H
$5401
d5:921
g5-21

3519

2734
a7-21
2721
a2l
2721
22l
2741
2729

Lat. 61° 31" M., Long. 8° 4' .

Fathaoms,

0
3
110
a0
511
41)
(HY
Sl
100
120
140
160
150
200

-5
)43
g-0)
-1
06

91
86

Qo

3487
4501
Sa-01
S50
3541
35-50
S e T
S50
S0-88

45-28
55-10
S350
B350

20504
2712
2715
2735
2756
2755
241
2745
2748

2748
2744
o)

2764

Remarks.

Strong  breeze N. heavy swell from
NANW.: weather squally and
showery.  "Time, afterncon, 2 p.m.
Air temperature, G-0° C.

Al 50 fathoms the observation was
repeated three times, always with the
same result,

Srarox 5. —September 23, 1907 (Silver Belle).
Depth of the station, 210 fathoms.

Renmrks.

Wind variable.  Weather, drizzle.
Sea very choppy.  Nature of bottom,
fing sand.  Number of thermometer,
106,206,  Time, alternoon.  Air
temperature, 5107 C.
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Starion d.—September 22, 1907 (Sifver Belle).

Lat. 61° 82 N., Long. 37 44" L,

Fathoms. ! LT T, Remarks.
0 110 $e-98 8 Weather showery and cold, blowing
b1 10:9 3-8 DTV strong and backing NW. to W, ;
10 1% $2-58 2477 variable, rain later. T'ime, after-
20 108 3569 2551 noon.  Air temperature, 7°0% C.
) 10-4 BRI 2000
0 g G005 2713
i fi- 4858 b
bl T 535106 744
T Th 3519 750
120 T 4514 2755
1400 T HE B or-55
Srarion 5.—September 22, 1907 (Siver Belle).
Lak. 61° 15° N., Long. 4° 9" K.
Fathoms. £ e (P08 i, Remarksa.
i 104 Ha2-a5 240M
b} 11-2 3225 240 Wind N.N.W.: light, long swell.
10 112 SELG e Time, morning, 5 am.  Air tem-
| 117 A il 2470 perature, 6°5° C.
Bl 1000 3380 20s
) 10-0 38T 2687
(1] 90 3512 @793
batl] g 3512 L RH
100 i) b TR 2748
14403 G 3501 27-49
140 G0 55001 2751
140 G4 So 10 759

1850 g BHE 2756



PLANKTON, *SILVER BELLE,; SEPTEMBER, 1907, SHETLAND TO NORWAY.

Crosixe-Ner.

- —_—- —aice T T e

Frarios 1L Srarion 111 J Bravios 1V, BraTion V.

g
£ |
=

ARTEN,

0 Fadon,

A Faden.
3 Faden

ne
¢
o

1 Frelon.

10} Fades.
20 Faden. |
100 Fadon,

130 Fasde,

L
(i

| 20 Faden. |
100 Fadon.

Neecd il i, | |

{ 5 1
' I
- - 1 I |
Hexacontinm  entacanthinm  (Jor- [ | [
— w e — — | f— — - — -
| |
1
[
I

o

Sensen) o
IProtocystis Iirllﬁltll.lll {Haeckel) .| =— — | x | x
. Rhizoplegnm

0
F

siarcn lie 1.I|:r'rg|;:|t$r|:} ey | e ] T = = =

Braoso, |
4. Cyphonautes ... - -

Ciedeatteroto.
5. Aglantha digitalis (0. F. Miller)) ... — | ] =
5. Arachnactis albida (M. Sars) e | R e [
7. Diphyes truncats (M. Sars) . e | e e e
& lenrobrachia pilews (Flem) ... = L=

|

|
Perunies (sens. gener. ). [ | |
0, Annelida larva =0 = =t !
10, Sagitta IJiJmm-l:lta (Quoy and Gaim) | p | — =] El [ | ] =
11. Tomopteris helgolandiea{Greof) ... — | — | — | — | ¢ | — | —| = | —

lr!-'-
|
-

|

|

|

o

=

|
-
=

i |
I

| =
|i=

=i

Copepodi, |
12, Acartiz clansi {Gieshr)
it longiremis ( Lilliels) ... B | e
14, Aetidens armatus (Boeck) .. o [
15, Calanus finmarchicus (CGonm) e | r
18: . 4 hyperborens { Kriver) = |
17. Centropages typieus | Kroyer) =
18. Euchaeta norvegies {Bocek) ... e
19, Gaidins brevispinus [G. Q. Sars) 4| [
20y, s temnispinus {G. O, Sars) ... == - E| e L
21. Metridia longa (Lubbock) ... B, | [l e
R lweens | Boeck) -
23, Microcalanus pugiliug (G, O, Sars) ...
24, Mivrosetella norvegica (Boeck) 4
25, Oithona plumifera {Baird) ...
A similis {Clans)
27, Onews mediterranea (Claus)
25, Peendocalanus elongatus ( Boeck)
29, Rluncalanus nasutus (Gieshr)
i Seolecithrix minor (Boady) ...
31. Temorn longicornis (O, F. Miller) ... | _ | — | — | —_ | r ol

I

|
&
I
=
|
I

| =] =+ |

i | ]|
|
i [y
|
I
| (B

o
|
-—.-—.I!

il ] e S N et et i

—.—e+1|-|+|
|
L]

[ i (S R - [

[ b 2 s e B i e ] 8 e

.

+

|

Lo
| el |||
T R A ] |

Craestarcee [citer, ). |

32, Conghoecia sp.... o [ I ol | e
33 Evadne Normani (Lillieborg) = = | e === r
[
| |
| [
|
I

-
|
| @]

#4. Nyetiphanes norvegica (Sars)
A5, Poagiirusg [(fLoca) o S | ;

36. Parathemisto oblivia ( Krover) Rl s ] R I e sl
37. Thysanocssa longieandata [Kriyer)... T £
38, 7 neglecta (Kriver) i Bl WP L] e MO BT

Molfiwsen.

0, Gasteropoda larva ... o oo |t Sl N ey
40, Lamellibranchiata larva g e
41. Limacina retroversa (Flem.}... | e |

1 1 5

= ) EA
|

| ===

1
EH-!-

|

Prochordato. | | |
42. Doliolum tritonis ... .. I =l I
43, Oikopleura sp.... st ey | 3 | B

Il

] [ [

-
-

— | —
+

I
1
1
|
|
i

_|:|-'
|

| | Kl |

Planktonet viser em avgjort sydlig karakter, kum i de dypeste priver fra Station 111 & Station V., tyder
forckomsten av Caliwns hyperborens & Meteidia fonge paa en tilblanding av koldt vand (arktisk tilblanding .
Former som fhincolonies nosutus & Avacknactis albido tyder paa vand av en hinre temperator, likesom fore-
komsten av Oueser swediterranee Doliofum fritenis paa Station 111 & Station 11, viscer 1 retning mat, at der
her er en tilblanding av neget utpraget, varmers atlantisk plankton,

Lizgende kryids { « ) betegner at arten forekom, uten ot man kan dimme om dens hyppighet paa grond ay
netdukens for grovmaskete konstruktion.

——— e

154
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ANMAIKNINGAR.

=xmrr. No.o 1.

1. Djupen pa stationerna L., 1L, IV. & V. uttagna ur Nordsjikortet.

2. Skalan enl. Bulletinen, men firdubilad (i enlighet wmed hoad jag. fick gira
pit Centralbigran i K.).

S, Afstinden mellan stationerna :

ILand II. ... U {4
II. ., IIL. ... e 417
ImL. ., IV. ... e 19
B o s e

V. till lJand ... e 1%

b Firefaller egendomligt all observationerna pa stationerna II. & IV, iiro
verkstiillda, samma dag, biigge pa eftermiddagen,  Afstindet mellan dessa bada
stationer ai 1 det niiimaste GOV,

Sxrrr. Mo, 2.

1. Djupen Se. G, Se. T 6 Se. 8 enligt Nordsjikortet.
@ Samuma skala som Neo, 1.
&, Afstanden mellan stationerna
Sc. G and Se. ¥ .. e B
Be M o iBeB e D8
I. Enligt uppgiften skulle S, Foo i ytan pa Sc. 8 vara 31°85.  Della i viil
felskrifning for B34:35.
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TEMFERATURE. 1903. SECTION 1.
F3 2 F9 Sclgs Sc15#

i — o
™ a

A _____.——"""'—-——-'"'"—-'-'-:;‘ 3
\ —
Tk - Wyville-
Thamson
Riﬂ"gf
SALINITY, 1903. SECTION I.
F3 355 356 F9a3s6 355 354 Scl9t _3535c15%
353
382
351
350
25
B5 3
e
F',u!:-aiff l - Wywille-
Thomson 350
Ridge
354 354

15






1:340

TEMPERATURE, 1903. SECTION II.
_F4 iz F9 Sc 194 i Scl5a
Wyvifle- ) e
Foehams : Th-:msfm \
£ Rrdge ] -
SALINITY, 1903. SECTION I
k4 356 _ F9 356 ass5 354 5¢194 353 ___SelsA
/ 353
355 g2
351
3L

0o

Fathams [ -~~~

Wyville- 7350
Thomson
Ridge

18—2
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TEMPERATURE.1903. SECTION IV .

Fr7 He F& Fa
1° PR e
EY 1o

@
]
Fathorms

SALINITY,1903. SECTION I¥ .

F7 F8 355 e F9
s
354
355
253
35z
_--_-_-_'_"'—-—‘_______‘_-_ A5
353
— 352
a5 F
&G a6
Fathoms ~

14
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TEMPERATURE .1903. SECTION'V.
EI5 : EI6

13* 15
2" jae
il e

o oe
9“ 59

a8 8

&S00 - —

6o p—
5 Lo
4% 3
1000 — —
3° 39
TS0
Fathoms = — —

192
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SALINITY,1903. SECTION V.

EIS 356 El&
H.I".l‘ﬂ'ep 35-5
355
355 i
35 4 35+
500= = -

353

a%-3
—l A2

1000 350 L—

a5y

357

1500
Fathoms







_p Swoy1ey
oass

= (RO

«E £

N3 213 €13 #13 513
TA NOIL1D3S €061 JdNIvidddiNg.L



_.




| swoyzey F
o005
SETT Biow
E°50
55E zgE
S5E ..!./
EFE
ﬂ e |_w.._h_u.
L]
% 11
=
a
LL ]
o
§ 5

s3e% 73 o5 83 63 GIEREESTE IR F GEEERE] CIE
'TA NOI1L23S €061 'ALINITVS






ocoge
-m-
i Y
7.E
ﬂw \)|\ /
e T Y ]
o
f 1 =¥
— -?w
sl

g = = = =00%

0Z 6l gl £ a] ]| ¥l g2 210 o B 8 Fi gisis 4 £ Z | uoijelg

s3y
0zv aNYI3HI
‘I NOILO3S %061 'FHNIVIIJNTL

w3

20






Sy pey

rlalilg
T B
E-5E
e ]
g ——
mhql’/’l""l/l/l/':l
ESE
g w.5E
-1
£ i 5 =
&5
G8F
= / :
— -y &.5E R 5E
02 &l | £ a1 5l Fl 1 [ I | i} 6 g i b | 5 14 £ il | L
Z u _u_u”_..m
) ) DL EET
I NOILJD3S "#061 ALINITVS






159

IH—
i LT
\ GRS s e
._.K_. \

-

005

Fal e .11\1\..\1\//( i

o
Py -
v e 2F W OF 66 Ot I 9 S  BF ¢f i€ 0c 6z 82 2z 9 sz bz £ 3z unec

redeg

THeaqin rrapep
“IT NOILD3S FO6I "HINIVIIdJINAL






161

&2.8r
&L

Swoy3ey

—— = e o —

E.5E _u.n__m.‘ ﬂ
R
5.5
9-5E,
£5E
&.5E,
&.5F,
08¢ . r -
E-FF
o frr.. = 5E
§-5F
2.9€
; £.58
- =-00%

&-56

03¢

mw N¢ = Il|||l|l|-|-|l||.|..|
It .
oF 6t 8 L& 98 SE £ £E€ Iz 0t 62 g2 £2 mmmuh S2 2 E2 £ uoneg
TERIqL BIAPE)

redeg
"I NOILD3S ~"#061 "ALINITVS






163

TEMPERATURE, 1904. SECTION III.
Stations 59 56 57 56 55 54 - 53 5
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SALINITY,1904:. SECTION V.
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TEMPERATURE, 1905. SECTION II.
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TEMPERATURE OBSERVATIONS
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TEMPERATURE OBSERVATIONS
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[.—FISHES.
By E. W. L. Howr axp I. W. Bruxe.

1. Himaxrovornvs Rukisnarori, Liitken.

Plates I and 11,

Tue genus Himaniolophus, Rheinhardt, may be characterized as
follows :

Ceratiider of stout and somewhat (_'{lll'll]l_‘l_"ﬁﬁl.‘{l form, with r{']:l’[i\'(-l_‘i.'
enormous heads and minute eyes. Spinous dorsal vepresented by a
single stout, club-like tentacle, folding backwards into a groove, and
hearing at its tip two short digitiform processes and numerous simple
or branching thong-like appendages.  Soft dorsal and anal fins, short,
only separated by a short interval from the ecaudal.  Epidermis thick
ﬂl"l r“.“_{{lﬁej “'i”‘l Hl,'.q';lr.ti_’ri_"l[ ]l{l"}' I}]:ttl‘ﬁ., l,‘:,l{‘h “'ith H ! 1"“[';_""”‘\' t'it'{‘.llhll'
hase and short central spine ; similar but smaller plates thickly
scattered over the dorsal tentacle,

This genus was originally founded by Rheinhardt (1857) for the
reception of a fish nearly 2 feet in length, found in 15833, cast up
upon the coast of Greenland after a heavy storm.  This specimen had
heen partially eaten by gulls and ervows, and was half decomposed
before it came into the hands of Rheinhardt, who deservibed it as
Himantolophus  grenlondicns.  Only the elub-like tentacle of this
specimen appears to have heen preserved.

A second specimen, 40 centimetres long, was picked up dead,
floating at the surface of the sea oft’ the south coast of Greenland at
the end of 1576, and exhaustively described by Liitken (1878) as the
tvpe of anew species, H. Rheinhardti. This species appeared to differ

195 25—
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from that deseribed by Rheinhardt (1837) in having a comparatively
deeper body, fewer thong-like appendages to the tentacle, and five rays
in the soft dorsal, and seventeen in the pectoral fin, as against nine and
twelve mentioned by Rheinhardt.

Gill (1878), on the strength of these differences, proposed to refer
Liitken's species to a separate genus, Corgnolophus, but his proposal
has never found any favour outside the United States.

A third specimen, 20°7 centimetres long, was captured off’ the coast
of the Westman Isles, near Iceland, in 1886, and examined by Liitken
(18587), who identified it as a voung example of £. Rheinhardti.

A fourth specimen, 41 centimetres long, was captured alive in a
trawl in 80 to 90 fathoms of water, fourteen miles from Nazareth on
the west coast of Portugal (a short distance north of the Burlings) in
1592, and was examined and deseribed by Girard (1895).  This fish
had lost its tentacle (cut offt by the captors) before it came into
Girard’s hands, but was otherwise in good condition, and appears to
have very closely resembled Liitken's larger example and that next
described.  Girard suggested that H. grenlandicus and H. Rheinhardti
might well be synonyms for the same species, a question to which we
will revert later.

The fifth known example of this remarkable genus was ecaptured
by the Sifver Belle in Mareh, 1906, while trawling in 20 to 25 fathoms
of water close to the east of Gibraltar. This specimen is smaller
than Liitken's first specimen or Girard’s, but agrees with them in all
essential particulars. It is unfortunately somewhat distorted from
being preserved in too small a receptacle.

The history of the genus may be completed by adding that Liitken
tentatively referred to it some very voung specimens taken at the
surface of the South Atlantic ; but the generic identity of these
specimens is open to so much doubt that we leave them out of con-
sideration in discussing the probable habits and habitat of these fishes.

A brief deseription of the specimen taken by the Silver Belle
follows :

Form stout and somewhat compressed ; greatest depth of body
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some way in front of pectorals, and (including the loose skin of the
belly, the original contour of which eannot now be ascertained) about
three-quarters of total length, exclusive of mandible and caudal fin ;
depth of candal peduncle about one-fifth of greatest depth of body.

Head very large and stout; its length (measured from end of
premaxilla to branchial opening) about five-eighths of total length
(measured as above), and equal to its depth at parietal spines. Eye
minute, about twenty-four times in head, and five times in preorbital
length. Greatest width of head between extremities of jaws, some-
what more than half its length, and about one and a half times the
distance between the parietal spines.  Distance between eves about
one and a half times preorbital length.,

Tentacle club-shaped ; length of its stem equal to length of its
longest filament, and about twice distance hetween parietal spines ;
digitiform processes less than one-fifth of length of stem. Thong-
like filaments, nine in munber,

Soft dorsal fin with five rays, orviginating about four-fifths of the
distance from end of premaxilla to origin of caudal.  Anal with
four rays originating six-sevenths of the distance from end of pre-
maxilla to origin of candal. Pectoral with fourteen rayvs,

Teeth hinged and of varving size, in two to four regular rows.

Colour uniform black ; membranes of unpaired fins dead white.
Tentacle black, paler at its tip and on basal parts of digitiform pro-
cesses.  Upper parts of digitiform processes and thong-like filaments
black, with white tips.

Extreme length, 365 millimetres.

The principal measurements of this specimen are as follows ;

Millimetres.
Fxtreme leneth (including mandible and candal tin) ... 365
Leneth (exeluding mandible, but ineluding eandal fin) - 347

. (exeluding mandible and candal fin) ... 985
Front of snout to branchial opening ... 169
origin of dorsal fin ... 995

anal fin 93y

ay v 53
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Millimetres.
Greatest depth of body (including loose skin of belly)' 219
Depth of head at parietal spine (exelusive of loose skin

uf]H—:“}-‘\] e 170
Depth of candal peduncle e
Length of snout to front of eye ... By
Longitudinal diameter of eve ... 7
Width of head at mouth {outside jaws)... e a2

. o between parietal spines ... (i

3 .+ between nostrils... Syt el
Length of stem of tentacle . e - 124
digitiform processes ... e )

4 thong-like appendages iz sl

The present oceurrence serves to materially extend the recorded
horizontal range of H. Rheinhardti, but, unfortunately, adds nothing to
our knowledge of its normal habitat.

The species is only known from isolated specimens taken in coastal
waters or cast up upon the shore at widely scattered localities in the
North-Fast Atlantie. It is inconceivable that our records could be so
scanty were a fish of so striking and singular an appearance a normal
denizen of shallow water in the East Atlantic.

The well-defined Pediculate family of Ceratiida, to which Himan-
tolophus belongs, and of which it appears to comprise by far the
largest species at present known, had until lately, by the general con-
sensus of ichthvologists, been regarded, at any rate when adult, as
confined to very deep water, and its members have been termed by
Giinther and other authors following him ¢ Bathyhbial sea-devils.”

As already stated, Liitken obtained very small specimens of some
Ceratiids from the surface of the South Atlantic, and more recently
Dr. Brauer (1902) has stated that the Faldivia expedition ‘ has shown
with certainty in the case of all Ceratiide taken that they do not live
on the bottom of the sea, as was hitherto almost generally assumed,

! These measurements will be found not to correspond with the dimensions

shown in the figure, in which the loose skin is represented in the moderately
distended condition apparently normal in life.
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but are pelagic.” The exact records of captures of Ceratiids by the
Paldivia arve given by Dr. Braner (1906), and although these records
do not include Himantolophius, we vegard his statement as probably
referable to that oenus also on account of the anatomical ]u-{'u“;ll‘itiﬂs
below noted, which Himantolophus shaves with most Ceratiids, and
as being perfectly consistent with all that is certainly known of
the members of this obseure genus.  Accordingly, with the greatest
respect for many earlier authors, we are unable to regard Himanfolo-
phas as a bathybial form, and prefer to consider it as a pelagie fish
normally living, perhaps not actually at the surface, but at any rate in
the upper strata of the ocean.

Our reasons for advancing this view are briefly as follows :

1. The apparently healthy condition of Dr. Wolfenden's specimen
when taken in shallow water.

2. The somewhat compressed form, normally - formed pectorals,
and absence of ventrals, which contrast strongly with the {Il-|:rv.-¢.~;w{
form and  geniculated pectorals of the allied but bhottom-living
Lopliide.  The loose skin of the abdomen strongly suggzests a cor-
relation with a belly eapable of heing distended with air and acting
as a tloat, as in some pelagic Anfennariide.

3. The known records, which are perfectly consistent with the
view that we have to deal with a pelagie Atlantie fish oceasionally
carried shorewards by the easterly and northerly Atlantic drift.
Such an eastward or northward wandering of a pelagic species of the
Western Atlantic may be paralleled by the record from the Norwegian
coast of a specimen of Antennarivs histrin, and by the arrival, on at
least two occasions, of shoals of Lirws perciformis following drifting
timber or \l'l“{'{:]c:lgn- on the Ivish coast.

The impossibility of preserving Rheibardt’s original  speeimen
makes the task of discussing the question of its specific identity
with the subsequently deseribed specimens diffienlt,  Girvard (18935
seems to have regavded all recorded specimens as referable to the
same species, and  there is mueh to be said i favour of this

VIEY.
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The differences stated to exist between F. orenlandicus and
H. Rheinhardti ave briefly as follows :

. The considerably deeper body in the latter species. To this
we can attach but little importance, as the degree of distension of the
loose skin of the belly is a very material factor, and Rheinhardt's
specimen was half decomposed.

2. The dorsal fin rays, stated by Rheinhardt to have been nine, and
five in all other examples. Girard points out that the four posterior
bifid rays might well have been reckoned as two each by Rheinhardt in
a damaged specimen,

3. The pectoral rays, stated by Rheinhardt to have heen twelve in
his example, and by Liitken and Girard to be seventeen in theirs ; in
Dr. Waolfenden's specimen the number is thirteen. Even apart from
this recorded range and the bad state of Rheinhardt’s specimen, we are
not melined to attach much importance to this difference.

4. The number of tentacular appendages—eleven in Rheinhardt's
specimen, and eight and seven respeetively in Liitken's.  Girard’s
example had lost its tentacle ; Dr. Wolfenden's has nine such appen-
dages. It seems to us that the exact number of these appendages
eannot under the cireumstances he regarded as a specifie character.

[t must be remembered that the reference of all known specimens
to a single species, however probably correct, rests upon inference
alone ; and it seems better to us to retain Liitken's name for the
specimens with five rays in the soft dorsal, and with a body whose
depth is contained one and a half times or less in its length (with-
out candal fin or mandible), while confining Rheinhardt's 7. gren-
landicus to specimens (should any be found) with nine rays in the soft

dorsal, and with a body whose depth is contained more than twice in
its length.
RerenrexcEs.

Braver (1902), Zool. dnzeig., xxv., No. GGH.

Braver (1906), ¢ Veldivia Deep-Sea Fishes,

Gill (1878), Proc. U.S. Nat. Mus., 1878, 219.

Girard (1893), Boulet. Socied. Geger. Lishoa, Ser. 11, No. .

Litken (1878), & D. Vid. Selsk Skr., 5th Ser., xi. 320,

Listken (1887), K. D. Vid. Selsk. Skr., 6th Ser., iv. 325.

Rheinhardt (1837), & D, Vid. Selsk. Afhand., T4.
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2, BuaTINA AcunLkEara, Cuvier.
Plate IV,

Noaculeata (K. Dumeril, M55, 1804), Cuvier, * Le Regne Animal,’
nd edit., ii. 394 (1829).

S. fimbriata,! Miiller and Henle, * Plagiostomen,” 101 and 192 (1859)

thina qewleatn! Aug. Dumeril ¢ [ehth. Générale,” 1. 465 (1565).

Our friend Mr. €. T. Regan has suggested to us that a hzure
and deseription of the specimen taken by the Silver Belle might
prove useful, as the species appears to be little known and constantly
confused with the common 8. angelus or with Bonaparte’s S, oewlala,
and we are unaware of any extant figure heyond the sketeh of the
front part of the head given by Miiller and Henle (loc. cit., sub. nom.
N. fimbriata).

In this specimen, which is 36+5 centimetres long (excluding lobes
of candal fin), the greatest breadth across pectorals is contained just
over two and a half times, the ereatest hreadth across ventrals rather
more than three and a half times, and tlu-. lenoth to the anus a little
over twice in the total length.  Depth of body at origin of ventrals
Four-fifths of its breadth, and at origin nl its dorsal hive-sixths of its
hreadth,

'I.‘I"" ]t‘":_':t-h ilr i.l".’ Il{':"l Lo t]“.' Iil'!"-t :ﬂ‘:i” ”IJl'i]i"?_’: i.."'- i'l)]lrilii]l"l tl]l'["i'-
times in the length to anus, and about one and a half tonmes moats own
areatest breadth.  The snont is very blunt, and the distance from its
anterior point to the level of the spiracles is equal to the distance
hetween the spiracles or to the interorbital width.  The longitudinal
diameter of the eves is a little sreater than their distance from the
level of the anterior point of the snout, and more than one-thivd of
the interorbital width,

The anterior narial flaps are each divided mto two fringed processes,
with a third small and ilwuna-:.]ii:'unlln-; distal process, and the posterior

' These descriptions appear to refer to the present species only.  We can find
no other deseription in which this species is not confused with cither 8. angelus or

the N, acidafa of ]ILHIJIINH'I.L'.

206
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narial flaps are divided into a larger proximal and smaller distal
fringed process.  From the nostrils a skinny flap extends along the
sides of the head, and is broadened opposite the corners of the mouth
imto two rounded processes,

The pectoral and ventral fins have slightly convex anterior margins
very slightly coneave outer margins, and are pointed posteriorly. The
claspers are very small.  The dorsal fins are subequal in size, and the
lower lobe of the eaudal fin is the longer.

The spines on the head are small but sharp ; they form orbital
series of five, the first and last spines of each series being respectively
in front and behind the orbit : two spines occur on each side of the
snout mternal to the nostrils.  There is a vertebral series of compara-
tively large and sharp backwardly dirvected spines—twenty-six hetween
the pectoral girdle and the first dorsal fin, three and two small lateral
spines between the dorsal fins, and three small spines behind the
second dorsal fin, The dermal covering as a whole is rough, but
without any very conspicuous asperities.

Colour impossible to ascertain, but apparently greenish-grey in
life, with small faint darker spots on the fins and sides of the head and
tail dorsally, and dead white ventrally.

Length, 36-5 centimetres' (ineluding lower lobe of caudal, 358 centi-
metres ).  Probably attains a far larger size.

Locality, Mediterranean, off Malaga, 300 fathoms. Previously
recorded from the Mediterranean.

It is probable that the characters of S. acwleata undergo some
change with growth ; but the specimen deseribed above is easily
distinguished from S. angelus of comparable size by the difference in
the dermal armature. The general dorsal surface is much rougher
in 8. angelus by reason of the larger size of the asperities, which are
pointed and closely set, while the spines of the head and back are not
very much larger than the surrounding asperities at any period of life.
In a S, angelus of 240 millimetres, presumably new-born, the spines of

' The specimen is somewhat distorted by careless preservation, and may in life
have been a few millimetres longer or shorter.
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the middle line in front of the first dorsal are more conspicnous than in
older specimens.  They are about thirty-six in number, and relatively a
cood deal smaller than in 8. aeuleata of 5365 millimetres. In S, angelus
of 375 millimetres these spines ave velatively smaller than in the younger
stage, hardly conspicuons, and verv much smaller than in our S. aculeatn,
which is of practically the same length.  [Head spines can be detected
in S, angelvs of 240 and 565 millimetres, but grade insensibly into the
surronnding asperities.  The nasal flaps ave probably variable in both
F!l{‘.{fi{fﬁ?"i]ll II{"L]H 1 H:Ilrﬁ_' I‘_';”ili_lf Flil'{l[ﬁtillﬂ,'tiillh :{!]]rlllﬂl]:‘.' t.lll,"\‘ S0 to
he tucked away out of sight. S, angelvs, at 365 millimetres, is somewhat
more massive in appearance than S. acwleata, and differs a little in
some of its proportions, The width across the pectorals is contained
less than twice, across the ventrals about three and a half times in the
total length ; the length of the head is less by about one-third than
its greatest width, and oceupies about one-third of the distance between
snout and anus, The eve is smaller than in S. aculeatn,! its length
being equal to distances separating it from the spivacle and from the
anterior margin of the head divectly in front of it, and is only about
one-fourth of the interorbital width. The latter is equal to the distance
from the snout to a line joining the spivacles, but is a little less than
the distance between the :-'.Elir:l.:'h-:-e, The hind margins of the peetorals
are broadly rounded in S. engelus, not more or less pointed, as in
S, aculeala.
We are not acqnainted with larger specimens of S, aculeata,

' We are not in a position to afiom or deny the specific distinction of
Bonaparte’s 8. oculafa from 8. angefus.  The tormer species is sald by him to have
the eve larger than in his 8. angvlis, from which it does not otherwise appear to
differ in any important respect of which the author took note. It appears to have
lacked both the vertebral spinulation and pointed pectorvals of 8. aculeata,
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3. Last or Fisues raxes sy Dir. R N, Worrespex 18 Deer Waren
IN THE NEIGHBOURHOOD OF THE STRAITS OF (IBRALTAR,

We have already discussed the most interesting outcome, ichthyo-
logically, of Dr. R. N. Wolfenden's early spring cruise in the Silver
Befl in the neichbourhood of the Straits of Gibraltar. The few other
fishes eaptured in shallow water are of no particular interest, but it
seems worth while to put on record those taken in deeper water, as
such a list may be of interest to future workers in the same region.

We have added a few notes on some of the more interesting species,
and for the purposes of this paper have treated the hauls made in the

Atlantic and Mediterranean separately.

A, MEDITERRANEAN.
Four [lt‘[‘!!-'l-‘n‘.'lf(‘l‘ hauls were made on the Mediterranean side of the

Straits of Gibraltar, as follows :

1. February 7, 1906, O Cape Baba, Movoceo - - 3500 fathoms
2. =2 L [ OHF Malaga . . - 500

B s N OfF Malaga - - a80-500

4, R [ e OF Marbella . . 1

'
The following species were captured :
SCY LLITD.E.
Pristivens melanostomus, Baf. . Station 2.
SQUATINID.E.
Syuatina aceleata, Cuvier - - Station 2.
Rann.r
Baia oxyrhynchus, L. Bonaparte s Station 2.
STOMIATITLE.
Stomias o, Risso - - - - Stations 1 and 4,
Gonostoma microdon (2), Gthr, - . Station 4,
The specimen is too damaged for certain identification.
SCOPELIDUE,

Seopelis glacialis, Rheinhardt - - Station 4.
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The capture of examples of this species, 20 to 39 millimetres long
(without candal fin), considerably extends its known horizontal range,
which did not |r|’v\'in11:—‘.l}' melude the Mediterranean, .Uﬂmllgh full
records of the temperatures of the strata in which this species has
oceurred are not available, its range with vegard to latitude appears
to be worthy of remark, and is nearly, if not quite, as wide as that of
the pelagic Schizopod Meganyetiphanes norvegica.  The specimens
are damaged, but there seems no doubt of their specific identity.
Fragments of a smaller Scopelies from Station 4 and a badly damaged
specimen from Station 1 are not improbably referable to the same
species,
Macrusin.g,

Muacrvrws caelorhynclins, Risso - . Stations 2 and 3.

(FADIDLY.

Molva elongata, Risso s - - Station 3.
Phyeis Wennivides, Briinn - - Station 5.

Carroin.r,
Capros aper, L. - - - - Stations 5 and 4.
Also taken in shallow water oft Malaga, where its vertical range
appears to extend at least from 40 to 300 fathoms, Probably, as
in the English Channel and in the Mediterranean off Marseilles, it
also ranges into soundings of considerably less than 10 fathoms.
TricLinE.
Peristedion cataphractum, L. - - Station 3.
|I.IWIH' twao ."ilfl{'ﬂ'i.”]{"“?"i L‘IEH’II Ell]]"’“t" '.“‘ |:|lII I'lh'll{II Hﬂll Ir{"lll:'l_ll_’. t][{' fl)l'l]'ﬂ_"l'
having the longest filament of the spinous dorsal extending nearly to
the end of the base of the second dorsal, while in the latter it only
reaches the origin of the fifth ray of that fin.  The greater conver-
cence of the rvostral spatulie in the male appears to be an individual
r':ll_lll"l‘ i-h.'ll! H | H[".‘[l'l:l! 1'Ii:l]'=ll'ti'|'.
Lormmne.

Loplius budegassa, H]Iinnlrl . Station 2,
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B. ATLANTIC.

Ten hauls were made in deep water, eight of them off the south
coast of Portugal, and two of them to the west of Cape Spartel :

1. March 19, 1906,  Off Cape St. Vincent . . - S00 fathoms
a, sl T'wenty miles south by cast of Cape St.
Vincent - - c - 2G6-250
5. L e T'wenty-two miles south-south-east of
Lagos Bay - - . - 39,
el West-south-west of Cape St. Mary - 321560 =
5. - M, l‘}ightm:]l miles south-east half south of
Cape 3t. Mary - - - 350 b
ii. L T'wenty-six miles south-east (or south-east
by south) of Cape St. Mary - - 308
T e e e South-east of Cape St. Mary : : 200
8, s South-south-east of Cape St. Mary . ST
9. April 4, ,, Forty-six miles west of Cape Spartel . 417,
0. ., 5 Thirty-one miles west-south-west of Cape
Spartel - - - - 187-200

The following species were captured :

SQUALIDUE,

Spinax niger, L. - . - - Station G,
Ratina.

Ruain clavata, 1., - - - - Station 7,

taia, sp. - : - - - Station §.

This is a very small ray, measuring 35 millimetres across the disk,
and 74 millimetres in total length. The umbilical sae, however, has com-
pletely disappeared.  The disk is broadly rounded at its lateral edges
and in front. The tip of the rostrum appears as a minute papilla in a
slight resilient depression of the anterior contour. There is a slight
incurvature of the margins opposite the eves, separating anterior and
lateral prominences of the generval outline. The shape of the disk,
therefore, approaches that of Donaparte’s tigure of R. radula,' but the
latter has the anterior margin more truncate and the lateral margins
less rounded.

1 ¢ Teon. Fauna Ital.. iii., Pese.
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The eyes are relatively large, about as long as the width of the
interorbital space, and about two and a half in the preoral length.
There 1s a spine in front of, and a group of three spines behind, each
eye. On the shoulder region are two spines in the middle line and
one on either side, A median row of spines extends from behind the
shoulder to the first dorsal fin. The whole of the dorsal surface of
disk and tail is set with small asperities. The ventral surface is smooth.

The dorsal surface is brown, speckled with larger and smaller
black spots.  On the tail such larger spots form several more or less
definite transverse bands.  There is a pale spot on each side, just
external to the bhranchial l'{*}_{'im] and up'm:ﬁilu to the anterior .‘-il]it'l{" of
the shoulder region.

The teeth arve relatively large, few in number, and obtuse.

The specimen appears from its small size, and from the absence of
any trace of the umbilical sac, to belong to a very small species. Its
characters, however, are too juvenile to be of much good for specific

determination without l.'ﬂll'!!"!:ll'j:-‘d]ll with a series of older :-at:u;_;'i::-'.,

NARCOBATID.E.

Torpedo nobilinna, Bonaparte - - =tation 10,

CHIM ERITLE,

Chimeera monstrosa, L., - - . Station 6,

STOMIATID.E.
Chawliodus Sloani, Bl and Seb, - Station 1.

An almost perfect specimen, 116 millimetres in length, unfortunately
distorted by carveless bottling.  There is a thin, colonrless epidermis,
similar to that of Stemias, more ov less stripped off as a continuous
membrane : the |Ir|(h-t'3}'in:_-; seales have an {||u||l':-.u'l'llt lustre, while the
hody pigment is dark brown or black. The dorsal filament extends
nearly to the adipose fin,

ANGUILLID.E.
Conger vulgaris, Cuvier - . - Station .
This record, 417 fathoms, is the deepest of which we are aware

for an adult of this species.
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MacRURID.E,
Muaecruwrns celorhynchus, Risso - Stations 2,4 and 9,
M. levis, Lowe - - - Ntations 5 and 6.
M. eequalis, Gthr, - - - Stations 2 and 9.
(rADIDLE,

Merluecius vidgaris, Cuvier - Station 10.

Phlyeis blennioides, Briinn - Station 3.
Mora mediterranea, Risso - Station 9.
Giadus argentens, Guich - - Stations 5, 6, and 10.

Berycine.
Trachichthys mediterraneus, C. and V. - Station 9.
ACROPOMATIDE,
j-_,'lu,f;mu.r.f.w ( Poneatom H.t':]- telescopus, Risso - Station 9.

SPARIDE,

Denter macrophthalmus, Bloch - - Station 1.
Pagellus centrodontus, Delaroche - - Station 4.

This obhservation extends the known vertical range of the conmon

sea-bream to at least 320 fathoms.

PLEURONECTID.E.
Zeugoplerus Bosci, Risso - Stations 3, 6, and 10.

The Zeugopteri taken hy the Silver Belle do not all possess the
black spots on the dorsal and anal fins usually found in this species,
but have the shape of Z. Bosci rather than of Z. megastoma. Specimens
from the Bay of Biscay, rezarded by one of us as Z. megastoma, had the
shape of shallow-water vepresentatives of that species. In the Irish
deep-water collections the unspotted examples arve shaped similarly to
shallow-water Z. megastoma, and the spotted examples show some
distinetion in shape from South European Z. Bosci. 1f the two
species are really distinet, their definition requires more care than has
heen hitherto bestowed upon it

Sotea profundicela, Vaill - - Station 8.
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Fishes

SCORPENIDE,

24

Seor i dactyloptera, Delaroche - Stations 4, 5, 6, and 9.

S. serofa, L. - - : - - Station 10.

The larger of the two specimens, 260 millimetres in length, belongs

T Ig““‘[".‘i e, f.l'lf:li".'ﬁ'r.r_

Lorann.e,

Lopliius birdegassa, Spinola - Stations 5 and 6,

The :-'-!bl'{'il'r-'- is, therefore, not .'ll:'tu:lll}‘ confined to the

ranein.

EXPLANATION OF THE PLATES.

Prare 1.
.Irf;iHHHrrJ!r.l_lf.l.ﬁJ'I.'; ftheinfardti,
Lateral view - ; . . : i S
Prare 11,
fffmrun’u!’n_lufmx Rheinlardis,
Anterior view : : : : : S R
Tentacle - : "~|If_{|l”'|. I'Ilﬂg:llllﬁl'-l].

Prare 1.

.'\'rpfrr.fhrr: Aewleala - - K.

Mediter-



[I. AMPHIPODA AND ISOPODA, WITH DESCRIPTIONS
OF TWO NEW SPECIES.

By W. M. Tarrersarn, M.Sc.

Durixe the examination of a small ecollection of Amphipoda and
Iﬁ{:lli}[lil "1:1{'{' .I'Il"h' ]ll‘, 1"‘“}""]"1["” i" [.]IE," CONnEsae l_'ll'. \'ﬂ_riﬂilﬂ [!,]'uiﬁ{_'ﬁ i"
the eastern part of the Atlantie, between the Faeroe Islands and the
Azores, the two new species here deseribed were met with. They
are both deep-water forms of great interest, the Amphipod of true
bottom-haunting habits, the Isopod more probably belonging to the
hathvpelagie fauna of the ocean,

In addition to these new forms, several interesting species, which,
however, do not call for more than brief notice here, were found in
the collection.  Among the Amphipoda may be mentioned a remark-
:1]&]1\' hine :-'-[:4.*1‘i|a1l.'*11 of Mimonectes Lm'f’Hf,' Bovallius : two l:'}i:llll]]lli'h'- of
Lycaopsis Lindbergi* Bovallius, a species not taken again sinee its
deseription by Bovallins in 1859% 3 Kativs obesus,* Chevreux, recently
deseribed® from the colleetions of the Prince of Monaco, and since
rediscovered in deep water off the west coast of Ireland®; and a
maghificent  specimen of (Fdiceros saginatus,’” Kriyer, measuring
26 millimetres, a length 6 millimetres in excess of that given for the
species by G. O, Sars in his work on the * Amphipoda of Norway.’
Among the more noteworthy of the Isopoda may be noticed Areturella

L Lat. 43° 57" N., Long. 10° 19" W., September 8, 1904, open net, 4 fathoms.

* Lat, 45° 6" N, Long, 18% 14" W, July 29, 1904, open net, 5 fathoms,

i Rih, K. Svensk. Vet. Akad. Hand., Bd. 11, No. 16, Stockholm, 1887,

i Lat, 44° 5" N, Long, 20° 34" W, 1904, surface.

5 full, Mus. Océan, Monaco, Mo, 55, 1905,

% Tattersall, * Fisheries, Ireland, Sci. Invest.,” 1905, iv. (1906),

" Lat. 59° 18" N,, Long. 8% 50° W., 1903, 460 fathoms, closmg-net.
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Amplipoda and Isopoda 211
dilatate,) (v, O, Sars ; Cirolana Hanseni,” Bonnier (both recent additions
to the DBritish and Ivish fauna) ; Metamunna fypica,® Tattersall, a
recently deseribed? form from the west coast of TIreland ; and
Euryeope lativostris,® G, O, Sars, from two new DBritish loecalities,

I am greatly indebted to Dr. Wolfenden for entrusting this collee-
tion to my charge, and have much pleasure in associating his name

with one of the new :-L;}{-('.i[':-; here deseribed.

ANMPHIPODA.

Family, Lysianassipge Genws, Axoxvx, Kriver.

Axoxvx Worrexpext, sp. nov.  (Plate IV, Figs. 1-17.)

Locality.—Lat. 39° 53' N., Long. 26° 32" W., 1904. Dredee,
GOO-700 fathoms.

Body moderately slender and slightly compressed laterally ; com-
bined length of the metasome and urosome slightly greater than that
of the cephalon and mesosome.

Cepliilon shorter than the first secment of the mesosome ; rostrum
almost obsolete ; lateral lobes not prominent, the marein of the head
between the hases of the HIIl]{"l'il}l' and inferior antenne |1l;_-i|1;,1'? in fact,
practically straight.

First segment of the mesosome longer than any of the remainder ;
thivd, fourth, and fifth segments, subequal in length, slightly shorter
than the second, and a little longer than the subeqgual sixth and seventh
segments 3 coxal plates more or less closely resembling those of the

l![.lll_"l_' :-1]1('{15115 of the renus,

U Pwenty-five miles north-north-west of Butt of Lewis, August 16, 1902, S0
fathoms,

* Lat. 89° 53 N,, Long. 26° 32" W, 1904, 600-700 fathoms, dredge.

* Twenty - five and forty-five wmiles north - north - west of Butt of Lewis,
Augrusk 16, 1902, 80 and 110 Fathoms.

t ¢ Fisheries, Ireland, Sei. Invest.,” 1904, 1. (1905).

& 'l"lk'l.':lll;}'-:-il.'\'l.ﬂl miles north-north-west of Rona, August 15, 1902 120 fathoms :
twenty-five miles north-north-west of Butt of Lewis, August 16, 1902, 80 fathoms.

™Y Lo
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Third segment of the metasome (Plate 1V, Fig. 1), with the
posterior lateral angle obtusely rounded.

Eyes apparently quite absent.

Superior antenna (Plate VI, Fig. 3) about equal in length to the
head and the first two segments of the mesosome combined ; pedunele
rather stout, equal in length to the head, first joint longer than the
remaining two taken TEJ.'_-','I‘“IR‘I’ - ﬂil;_';i'”l!l]l Ill':ll'l_'h' three times as ]:JI]}__?: as
the peduncle, composed of thirteen joints—the first joint equal in
length to two-sevenths of the whole flazellum, and bearing two rows
of sensory setie ; accessory flagellum about half the length of the
main flagellum, composed of six joints, the first of which is slightly
longer than one-thivd of the whole accessory flagellum.  There is a
single rather prominent and strong seta at the lower distal corner of
the first joint of the main Hagellum.

Inferior antenna (Plate 1V, Fig. 4) extending to about the level
of the tip of the superior, and, therefore, as a whole, somewhat longer
than the latter ; rather slender; peduncle armed with a few scattered
setie, and having the fifth joint longer than the fourth ; flagellum
{_"t!ll:l,.l [l] .I.L'“._u't.ll to '-}I[_' ili'lllllll'll'.‘ l'l]lll]l{‘ﬁel} l‘ll: HL"‘['HLL"[‘H :l{lil]t.!i..

Epistome (Plate 1V., Fiz. 2) remarkably '|1I‘ul11it|l_*l|t., Ill‘l}jl_"l_'tilll,'-_{
almost entively in front of the head (Plate IV., Fig. 2), as a large
compressed, linguiform, rounded lobe, overhanging the anterior lip in
front.

Mandibles (Plate 1V., Figs. 5 and 6) robust ; cutting edge with a
single small spine at the internal extremity, and a small tooth at the
other end, otherwise smooth ; molar process well developed ; hetween
the latter and the cutting edge there is a row of setw, among which are
to be found three or four strong simple spines ; palp elongate and
slender, arising at about the same level as the molar tuberele ; third
joint only half the length of the second, and bearing about fourteen
long simple setae, while the second joint has about eleven setae on the
distal part of its inner margin ; the left mandible bears, in addition,
near to the cutting edge, a short, stout, blunt, and slightly recurved

cylindrical spine.
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First maxville (Plate IV, Fig. 7) with the inner plate much shorter
than the outer, and armed at its apex with two plumose seta, the outer
of which is remarkably stout and very densely hirsute ; outer plate
armed at the apex with eleven strong spines, seven of which arve longer
and stouter than the rest, and bear numerouns small spinules, the remain-
ing four expanding somewhat towards the tip, which hears few rather
coarse teeth ; palp, two-jointed, extending slightly bevond the apex of
the outer ]||:1h', the second joint uxlm]ul]n.u: somewhat towards the
extremity, which is armed with eight short, stout, distinetly articulated
spines, in addition to a small tooth at the inner distal corner, its inner
margin, at some distance from the apex, bearing two slender teeth.

Second maxille (Plate IV., Fig. 8) with both plates rather broad,
the inner rather shorter than the outer, their apices armed with a row
of strong ]ﬂlllllu:ﬂ: setae and mumerous fine hairs,

Muarillipedes (Plate 1V, Fig. 9) with the inner lobe very well
developed, quadrangular in shape, its inner margin armed with six long
setae, a single small spine and a few short setie present on its inner
corner ; outer lohe |=1|‘:__{'{' andl (‘xlmllllulh reaching to the distal end of
the second joint of the palp, its inner border finely erenulated through-
out ; palp well developed and rather stout, four-jointed, with numerous
setie on its mner edge,

First pnathopods (Plate IV, Fig. 10) moderately robust and distinetly
subehelate ; basal joint about as long as the remainder of the limb, and
:II'":II."I..I. “'itli [ERARNY LR R Hl"l_:-l" il it"'! .'.I"tl,‘l'i_{ll' i'lll]l"l]i.‘l,' = l,".:,l'l_'lll]!'i- |“I|I"_'.'l'|_" tll:l“
the propodus, and somewhat expanded, armed with numerous long
setae on its inner edge; propodus quadrangular in shape, narrowing
very slightly towards the nail, the palmar edge shehtly and finely
serrated and bearing two long prominent spines on the corner, as well
as a few long setae 3 nail longer than the palmar edge, with a small
Hl'('l]'"l:""}' hEIiJll! M1 it'-; ilI]'Il_'I I”:l.'l':‘_:'ill,

Second gualhopods (Plate IV, Fig. 11) longer than the first, very
slender ; carpus longer than the propodus ; the latter, with the nail,
forms a minute chelate extremity to the limb ; both propodus and

carpus with the usual fringe of fine haivs on both margins, and numerons
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long setee on the inner edge only, and also at the extremity of the
propodus.

Third and fowrth pairs of legs (Plate IV., Fig. 12) of similar
structure, rather slender; basal joint about equal in length to the
two sueceeding joints combined ;: merus longer than either the carpus
or propodus ; latter longer than the ecarpus ; nail rather more than one
quarter of the length of the propodus ; the whole limbs armed with
numerous long and short setae on their posterior margins, but no
spines.

Seventh pair of legs (Plate IV, Fig. 13) long and slender ; basal
Joint greatly expanded, longer than wide, with a row of short slender
spines on its anterior border ; carpus about one and a half times as
long as the merus ; propodus equal in length to, but narrower than,
the carpus ; nail rather more than one-quarter of the length of the
propodus ; the last three joints with a row of slender, short spines,
and numerous setee on their antervior border.

First pair of wropods (Plate IV, Fig. 14) with the peduncle longer
than the subequal rami, and bearing a raised ridge, armed with short
spines.

Second pair of wropods (Plate IV, Fig. 15) having the rami sub-
equal in length to each other and to the peduncle ; the inner ramus
with a marked constriction near the tip.

Third paiv of wropods (Plate IV, Fig. 16) with the peduncle shorter
than either ramus ; inner ramus very slightly shorter than the outer,
both edges minutely pectinate, the inner edge with six spines and the
outer edge with four ; outer ramus with a small terminal joint, the
inner edge minutely peetinate, and bearing a row of very short spines,
the outer edge with a single spine at the extremity of the basal joint,
and one about halfway along its length.

Telson (Plate IV, Fig. 17) about one and a half times as long as
broad, deeply cleft for one-half of its length ; the apices of the lobes
of the cleft bear a small spine and two short seta ; there is a single
spine on the dorsal surface of each lobe about the centre of the whole

length of the telson.
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Length of the single specimen, a female with incubatory lamell:,
and therefore presumably sexually mature, 95 millimetres from the
anterior border of the head to the tip of the telson.

The generie position of this species is at present a matter of some
doubt. T am unable to :-Lilg-:l.]i with I'L-rl:liut_\' as to the structure of the
branchial vesicles, and failing precision on this point, the species is
provisionally referred to the genus Anonyar, to which it, at any rate,
seems most closely allied. It differs from all the other species of the
cenus in its less compact and more slender form, in the absence of
eves, in the want of distinetly forwardly projecting lateral lobes to the
head, in the very prominent and projecting epistomal plate, and in the
rounded epimera of the third segment of the metasome. The form of
the head closely resembles that seen in the genus Cyelocaris, but the
structure of the fivst gnathopods is quite suflicient to exclude it from
that genus.  The latter character would also seem to separate it from
the genus Tmetonya' ( = Hoplony.r, G. O, Sars), to which, however, its
mouth ]I:Il‘th-'u monre ﬂ]u:-:f'i}-‘ :I|:|r1'uxfm:ttq;' than t'||l_'l1_;' do to those of
Anonyr, though the differences from either zenus are at most slight.
It would be hazardous to define a new genus for its reception in the
absence of definite information on the structure of the branchial
vesicles.  In the meantime it appears to be distinet, specifically, from
all known species of either of the three genera, dwonyr, Tmetonyr,

or rI:-FJI'{'JiI'H'H.f'.I‘-.\‘, ’I.Ill:' H!!L'{‘Iil.‘.‘-i i.‘-i ]]:Illll_"l]: IlII I]i.ll.ll:]lil‘ ol il‘u l].i.‘-i('l]-"n.'l_"l’{_"l',

I."H]]JIHI,A.
Family, Jaivr.
Glenits, XEXUREGA, nov.

The mouth parts in the single specimen of this new genus available
were not disseeted, and, in the absence of information on this point,
the new genus may bhe defined as follows :

Body depressed, with the cephalon very small, and the metasome
distinetly narrower than the mesosome

! See Stebbing, ¢ Das Tierreich,” 21 Lict,, Amphipoda, i., Gammaridea, 1906, p. 75.
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Fiyes absent.

Superior antenne with a three-jointed peduncele.

Inferior autenne with a fine-jointed peduncle, flagellum greatly
elongated and many-jointed.

First three pairs of legs with the propodus smooth, eylindrical, not
expanded ; dactylus extremely strong, hooked, sharply enrved in the
centre, and terminating in a darkened, very sharp point.

Last four pairs of legs moderately slender, successively inereasing
in length, ischinm provided with a posterior lobe ; daetylus hook-
shaped.

Pleopods consisting throughout of a pair of broad lamella, provided
with setw all round.

Telson very small, leaving the pleopods quite uncovered, lingui-
form in shape, unarmed.

Uropods uniramous, consisting of short basal joint articulated
ventrally to the telson, and a terminal very long, stout spinous seta,
provided with numerous fine plumose seta.

This remarkable new genus anteriorly resembles the genus
Syseenws, Havger 3 but the form of the telson, the uncovered pleopods,
and the unique and rather anomalous form of the uropods at onece
separates it from all other known members, not only of the family
Aveidie, but of the whole tribe Flabellifera.

XENUREGA PriLocEra, gen. ef sp. nov.

Locality.—Lat. 36° 18" N, Long. 23° 53" W., June, 1904. Closing-
net, 400 fathoms.

Body (Plate V., Fig. 1) rather slender and slightly depressed,
about four times as long as the greatest width of the mesosome ;
cephalon very small and triangular in shape, much narvower than the
first sezment of the mesosome ; metasome rather more than one-thicd
of the total length of the body, much narrower than the mesosome,
the segments successively narrowing towards the posterior end.

Mesosome (Plate V., Fig. 1) with the first segment larger than

any of the succeeding ones, the remaining ones more or less subequal
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in length, but the posterior two narrower than any of the pw-:-uiiing_': :
coxal plates well developed on all segments; those of the fivst segment
apparently fused to the segment anteriorly, but free posteriorly.

Metasome (Plate V., Fig, 1) with the epimeral plates well
developed, slightly produced posteriorly, with their hinder margins
hroadly emarginate.

Liyes abszent.,

Superior antenne (Plate V., Figs. 1 and 2} not longer than the
eephalon plus the first segment of the mesosome ; peduncle three-
jointed, the last joint the longest ; flagellum slightly longer than the
peduncle, and composed of eight joints.

Inferior antenne (Plate V., Figs. 1 and 2) about 22 millimetres in
length, longer than the body and very slender ; peduncle five-jointed,
the last joint the longest ; flagellum composed of more than seventy
joints ; last two joints of the pedunele and the proximal half of the
Hagellum ornamented profusely with numerons very long, delicate
plumose setae.

Mouth parts not examined, but judging From other charvacters of
the species, probably elosely resembling those of the genus Syscenns.

IFirst three p-r.r.:.r'.'; f_J,l'" leas {|"'].'|tt* ¥, I"i_:_'!', J] {‘H]H|I:ll':l,li'l.'l,‘II\.' short
and very strong and stout, unarmed ; carpus quite small ; propodus
evlindrieal, not expanded ;  dactyvlus  remarkably strong, hooked,
sharply curved at the centre, tip very sharp and darkened in
colonr.

Fowrth pevir of tegs (Plate V., Fig. 5) moderately slender ; ischinm
'u.‘ith itﬁ outer distal corner ]n'mfnr{-d irrln i |nhl_= 1.=*x;t=-r1f|ill_1:‘ ulum:-:t to
the centre of the merus and armed with four stout spines, a similar
spine on its imner distal corner ; merus longer and stouter than the
'l:':'ll"'l“l:'\::I “n'itll tw o :1"!1 onne ﬁlfil""?‘- LR it.‘i Oonter :l"fl il“""l" [li.“-l:ll COrners
I‘l'r-':-'[ll!"ti"-".‘ll‘t' ;ocarpus with twao small :'-'Irilll'.‘-'- on its inner l;"l.l_‘_",'i." and two
!;II':_‘;('I" ."'-Il]"l":‘"l L] i!""h i|||||,"|lI [Iiﬁl[ll COrneL” § I]I_'il'lHH]_llH Iil'l'll'_:.' :ll]ll. Iarrosy,
equal in length to the carpus and merus combined, armed with four
small spines on its inner edge ; dactylus moderately stout and slightly
curved 3 a few long, fine plumose setae on the inner edges of the
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ischinm, merus, and ecarpus, similar to those on the inferior
antenna:,

Fifth to seventh pairs of legs similar in structure to the fourth, but
successively longer, so that the seventh pair of legs extend consider-
ably beyond the telson and up to about the level of the posterior
margin of the pleopods ; fifth pair of legs with the propodus slightly
less than the merus and earpus combined, and the latter longer than
the merus ; sixth pair of legs with the carpus one and a half times as
long as the merus, and only one-seventh less than the propodus ;
seventh pair of legs with the ecarpus but very little less than the
propodus, and still one and a half times as long as the merus.

Pleapods wholly uncovered by the telson, with the lamelle of all
five pairs narrowly oval in shape, and all setose on both margins,
including the inner lamellae of the first pair.

Telson (Plate V., Fig. 1) quite small, little more than twice as
long as the last segment of the metasome, and about as broad at its
base as long, linguiform in shape, truncate at the apex, its margins
suddenly narrowing at about one-third of the length of the whole
Et'l:-mn, unarimed.

Uropods (Plate V., Fig. 1) uniramous, consisting of a single
basal joint articulated ventrally to the telson, and about two-thirds as
long as the latter, and a terminal very stout and very long stift
spinous seta, 11 millimetres in length, and ornamented along the
posterior three-quarters of its length with numerous long fine plumose
setae.

Length of the single specimen, 18 millimetres from the head to
the tip of the telson, 29 millimetres from the head to the tip of the
uropods ; inferior antennw, 22 millimetres long.

[ am unable to determine the sex of the tyvpe specimen. No
incubatory lamelle could be detected, nor, on the other hand, could
any trace of appendage he found on the inner lamellw of the second
pleapod.

The structure of the telson and uropods, and the exceedingly long

inferior antennae, with its beautiful decoration of delicate plumose setae,
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at once distinguish this species from all other Isopoda.  The specimen
was eaught in a closing-net lowered to 400 fathoms, at a depth of
over 1,000 fathoms, and the species is therefore presuwmably bathy-
pelagie in habitat.

EXPLANATION OF THE PLATES.
Prare IV,
Anonge Waolfendeni, sp. nov,

Fig. 1.—Posterior lateral angle of the third segment of the metasome,

2.—Epistomal plate, with outline of the head to show amount of
prajection,

»  S.—Superior antenna.

v do—Inferior antenna.
w  A.—0bligue inside view of right mandible.
»»  G.—Mandibular palp.
o 1—First maxilla,
»w  B.—3Second maxilla.
0. —Maxillipede,

—

» 10, —First gnathopod.
» 11l.—Second gnathopod.
w 12.—Fourth leg.
»  15.—Seventh leg,
14, —First wropod.
1 [
s 15.—Second uropod.
»  16.—Third uropod.
o 1T.—Telson.
Prare Y.
Nenurayga piidocera, gen, et sp. nov,
Fig. 1.—Daorsal view of whole animal.
» 2. —Peduncle of superior antenna.
v So—Deduncle of inferior antenna,
s+ —First les.
= 5.—Fourth ]l.‘g,



[II.—PYROSOMA SPINOSUM, HERDMAN.
By Geonce P. Faneax, B.A.

Turoven the kinduess of Dr. Wolfenden, I have had an opportunity
of examining two specimens of Pyrosoma, which had been taken by
his vacht, the Silver Befle, in Febrnary, 1906, off Cape St. Mary,
Portugal, at a depth of 200 fathoms.

Both of these :tln|mr{rnt|y bhelong to Pyrosoma spinoswm, which was
deseribed by Herdman in 1888, from fragments of specimens taken by
the Challenger in the South Atlantie.

These specimens, like those taken by the Challenger, were eaptured
in the trawl, though possibly during the ascent of the net, and lead
one to suspect that the species lives at or near the bottom in deep
water, a fact which would account for the comparatively few records

—viz., two from the Challenger (Herdman, 1888), one from the

Tilisman (Pervier, 1886), and one—a very voung colony—from the
Helga (Farran, 1906).  The two colonies were approximately equal in
size ; they were preserved in formaling and were in excellent condition.
The one figured, from which the measurements were taken, measured
85 centimetres in length by 19 eentimetres in circumference, hut was
':1]i:1!}|l‘ IPII i C-{l":‘ij.lll.‘!'ililli_'! amonnt 1.|£ EXT{:IIHiUI] “’ir]lﬂ‘“t I"ﬂll!,l'l_l'f_‘. l‘]_"I]_i'.‘
walls were 6 millimetres in thickness throughout the greater part of
their h-nglht but thickened {'urmitk*t':nm}' at the elosed ventral (_lud, and
thinning away round the common cloacal aperture.  The whole colony
was tapered gradually to the closed end, which was rounded off bluntly.
The open end had an irregular aperture of almost the full width of
the colony, Its edges did not show any trace of lips or diaphragm,
220
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but were thinned away and slichtly contracted, the zooids being
continued to the extreme margin, The substance of the test is
celatinous and rather firm to the touch, but easily torn. It is alinost
colourless, but the whole colony has a reddish tinge, due mainly to the
colour in the stomach and intestine of the zooids.

r]‘.Ill:' ”".II;"]:" Hlll‘i':H‘E' {If f-]]{' {J'}].{.Ill‘lr iﬁ {'l]"l.'f’l"i,"l] ‘L\'i'll .""\nlllll'll"':I| ."«.ll.:'l,l'l'll 5];["','!"5..
each spine being situated ventrally to the oral aperture of an aseidio-
zooid, and sloping towards it.  The spines are keeled ventrally and
laterally, and are about 1 millimetre in height.  The inner surface
of the colony, as mentioned by Herdman, is smooth and glistening,

The ascidiozoouds are scattered closely through the test in no
apparent order, the old and young being irvegularly mixed together.
They are very readily detached from the test, a considerable number
falling out, through the internal aperture, every time the specimen
was handled.

The general appearance of the individual ascidiozooid is best
explained in  the accompanyving figure, drawn from a  full-sized
individual.  The prebranchial space is very small, but varies with the
amount of contraction. The cloacal space is small in full-grown
idividuals, but in voung zooids is considerably elongate, forming
almost one-thivd of the total length.

The oral aperture is usually very much contracted, and sometimes
apparently completely closed. It is fringed by a cirele of tentacles,
about sixteen in number, irvegular both in shape and size, and a single
long ventral tentacle rising from a eushion-like base.  The ventral
tentacle is usually held vertically, projecting slightly from the mouth
opening, and is exeluded when the mouth s completely elosed.  The
other tentacles are Tolded mwards.

The atrial opening is not civeular, as is usual in Pyrosoma, but
pear-shaped, rounded above, and with the sides of the opening approxi-
mating for some distance below hefore they unite.  This peculiar
arrangement  seems to be due to the absence of musele-fibres on
the ventral side of the opening, which allows the atriopore to split

ventrally.  The pear-shaped opening was, however, found in zooids
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of only 2 millimetres in length, which had not penetrated the inner
wall of the test.

The musculature of the oral opening consists of a well-developed
sphincter, outside which run several more or less completely cirenlar
musele fibres.  The atrial opening is not closed by a sphineter, but by
a horseshoe-shaped band of musecle, thinning away at each end.

The atrial musele is placed much farther forward than is usual,
lying across the centre of the branchial sac. It consists on either side
of a hollow fusiform band, split externally for the greater part of its
length. It is much longer and more slender proportionately in the
voung than in the old ascidiozooids. It lies in the thickness of the
body-wall. There are also two transverse musele bands situated in
front of the branchial sac.  The most anterior is situated between the
L*111|u-.~;t.lx'|(- and the mouth u]u'niu}_';, and consists of a broad transverse
ventral band of musele, whose ends break up into fine branches in the
lateral body-wall.  The other band is similar and similarly branched,
and lies slightly anterior to the dorsal ganglion.

The luminous oreans arve present as a patch of larze cireular
refractive cells, |1\'EI:|}_J; on either side of the body across the ciliated
band. There is a similar but smaller pateh of cells on either side of
the atrial opening, which probably has a similar function,

The dorsal ganglion has been figured by Herdman. It gives rise,
with others, to two pair of easily-observed nerves, the posterior of
which run to the upper ends of the two atrial muscles, and the anterior
]l:lil' to the anal muscle, ;:;i";‘[l];_ﬂ; rise to branches on the way which
could not be traced.

The number of stigmata in a large ascidiozooid average ahout
forty, and the number of transverse bars about thirty. The relative
position of the stigmata and bars with reference to the oral aperture
and the wsophagns is rather unusual, as a line joining the two last
cuts across both stigmata and bars diagonally, while in the other species
of Pyrosoma such a line wounld be approximately parallel to the bars
and at richt angles to the stigmata.  This apparent distortion is due

to the wide distance which intervenes between the first of the dorsal
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languets, which marks the point of attachment to the dorsal stolon in
voung zooids, and the dorsal nucleus. In other species of Pyrosoma
the languets and the dorsal nueleus ave closely approximated. The
number of languets is about twelve, of the usual form.  The endostyle
is bent at an angle of about 140 degrees at its anterior third. The
stomach and gut are of a greenish-brown colour, the wsophagus being
bright red. They lie in the horizontal plane, the gut being folded
back laterally along the left side of the stomach.

The ovary was only observed in a few zooids. It contained a
H-i“:_':ll‘ U""l“; i tL‘Ht-i!ﬂl wWis ]'l{ll:. fl'l'l_'l,ll{]_ i]"l. E'I,II‘\.' ]L-"-".il::l Ce. IIrllﬁ:‘ ]Fl'l.‘ﬁl_"“["l" Hf
filaments running through the test, and putting into communication
the atrial muscles of separvate zooids, has been noted by several
observers (Huxley, 1860 ; Seeliger, ete.). Similar fibres could be
seen in P spinoswm, and numerous aciealar and fusiform cells, similar
to those composing the filaments, were evident, scattered irregularly
throngh the test and, much morve densely, in the body-walls of the
zooids themselves,

It will be seen from the above remarks that P. spinoswm differs
very markedly from all other members of the genus.  The prineipal
differences may be summed up as follows :

Test processes situated ventral to the oral openings of the zooids.

Atriopore with the sphincter ill{'mu]rh'!:'.

Anterior position of the atrial musele.

Wide separation of dorsal ganglion and dorsal languets.

List or Avrnoriries QUOTERD,

Farran (1906G), *On the Distribution of the Thaliacea and Pyrosoma in Irish
Waters,” * Fisheries, Ireland, Sei. Invest.,” 1906, 1. [1906].

Herdman (1588), ‘]h:-]_]{:lrl, on the Tumcata,” PPt il ; Challenger Reports, Zool.,
vol. xxvii,

Huxley (1560), *On the Anatomy and Development of Pyrosoma,” T'rans. Linn.
Soe, vol, xxidi., 1860,

Perrier (1886), * Les Explorations Sous-marins * ( Talisman Fxpedition).

Seeliger (1895), * Die Pyvosomen der Plankton Expedition,” Bd. ii., 15, b,
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EXPLANATION OF PLATES

Prare 1.
Pyrosomea spinosem. > 3. From a photograph.
Prare I1.
Fig. 1. Pyrosoma spinosum : lateral view of zooid,
Fig. 2.— Pyrosoma spinosum : oral aperture of zooid, from within.

wt., oral aperture,

.., atrial muscle.
o.5., oral sphincter.

an., anus,
a.s., anal sphincter. 0%, OVArY.
#t., stolon.

£., stomach.

t.t., transverse muscle.

v.t., ventral tentacle,

.., dorsal ganglion,
en., endostyle.
lin., languets,

., luminous organ,

ERRATA.

On page 224, for Plate 1 read Plate

VI

Jor Plate II read Plate VII
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CRUISE OF THE ‘SILVER BELLE' IN JULY AND
AUGUST, 1907,

Fisues.

By E. W, L. Hour axp L. W. Brexe,

Tue ernise is divisible into two sections.  In the last half of July the
ship ran from Secalloway about north-west to the 100-fathom line,
:'ll]l! tl!{:‘lll'(‘: '!II'I.H'(_'["IIL‘{I ol dl :":jl'_-'"?.;ll‘_f COLL = i]l H _"_"['I'IE"].'JI]. HHI[[—]I-\l'L'HI_-I:,'I']"ﬁ'
divection, fishing and taking physical observations at sixteen stations,
at soundings ranging from 107 to 530 fathoms, until she came north
of the Dutt of Lewis,

The next section of the cruise occupied the first seventeen davs
of August, and comprised six stations (17 to 22), at soundings of
144 to 385 fathoms, between 58° and 59° N, and 8° and 9° W., thus
continuing the first section to the south-west, at an interval of about
a degree of longitude, and on the farther side of the Wyville-
Thomson ]'illl'_{'l:'. A :-tillj;]t* station (23) was taken in shallow water
(72 fathoms), west of the Dutt of Lewis, in the last week of August.
Dr. Wolfenden's original design was to link up the numerous faunistie
[JI}H('[‘\'LItE[JIIH “'IIi["]'I ]Iq'l'l'l,‘ hl,"i'l] I'IIIIII_L‘ Ei] 1'|'|'H| :Ihtl"!- T.]l{_‘ I“‘“{.Ll‘”l_" i:III:].""':."l
with those of the Irish coast, where the Atlantic :-'.]n|:|{- has been pretey
thoronghly explored, down to 500 fathoms, from about 55 N. south-
wards. Irl{‘i:]{-llt:tl]_m' it was intended to make a Ihni'uugh vx[lhﬂ':l.tiuu
of the grounds on which the Michae! Sars in 1902 made a few hauls
with most interesting vesults.  The weather appears to have been
about as bad as IHI:-LH”III" and to have interfered f_:'l'{_“:lfl_‘!.' with the
clficiency of such operations as were possible, with the result that fish
were taken at only seven of the twentv-three stations.

295 29
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We are indebted to Mr. Opie, who acted as naturalist during the
first section of the cruise, for very careful notes on the specimens
which came under his observation.  During the rest of the cruise the
material was dealt with by Captain Buchan Henry.

So far as the fishes are concerned, the main interest lies in the
additional evidence afforded of the difference between the fauna of
the comparatively cold-water avea lving to the north and east of the
Wyville-Thomson ridge and that of the warmer water which extends
southwards and westwards from that ridge.

The absence of any haunls from the immediate neighbourhood of
the actual ridge makes it impossible to say whether the species of fish
ordinarily found on either side of it are ever to be found in company
in its immediate neighbourhood, or whether the comparatively sudden
change of temperature forms a barrier which is not passed by fishes
which elsewhere have a range including hoth extremes. Among the
:-ipl'{.'it'h' taken by the Nifver Belle, Sebastes marinus alone among
bottom-living forms was captured on both sides of the ridge, in
positive temperatures of 9-6° C, and 1'8° C. It is perhaps worthy of
remark that, while in the neizhbourhood now under consideration
Cottunculus Thomsoni is found only in the warmer regions, in tem-
peratures of about 7° to 8° C., and €. microps only in the colder
region, in temperatures of about 0° to —2° (., yet both species have
been taken between Ieeland and Greenland in temperatures of about
$-5° C, (Liitken, 1898) and hetween 3:9° C. and 7-7° C. in the Western
Atlantie by the Albatross.

The main interest, so far as the fishes are concerned, lies in the
fact that some hauls were made in the cold-water area lyving to the
north and east of the Wyville-Thomson ridee, and others in the warm-
water area to the south and west of that ridge. The extraordinary
difference of the fish fauna of these two adjacent areas shows
most elearly the great influence of temperature—or, perhaps, more
aceurately speaking, of a sudden change of temperature—upon the
distribution of even such active animals as fishes.

OF the fifteen :-:In-{-i{-h' of fish taken I}}' the Silver Belle in the warm
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area, all but one (Sebastes marinus) ocenr at similar depths off' the
west and south-west of Ireland ; while of the six species (excluding
the pelagic Seopelus glacinlis) taken in the cold arvea, not one is
known to oceur off the Irish coast.  The only species common to both
areas is Sebasles marinus,

Further, of all the fishes recorded from the cold arvea, not a single
bottom-living species, with the solitary exception above mentioned,
has been found south or west of the Wyville-Thomson ridge ; while
the numerous species which have been taken immediately to the
south or west of the ridge (again excepting Sebastes marinus) are all
known from the ll{_"l_"l! water of the Irish Atlantic :-'-1:J|tu or from the
Lusitanian region.

Among the genera and species typical of the two regions, we may
mention : in the cold avea, Lycodes, Lycodonws, Liparis Rheinhardti,
and  Motella  Rheinhardti ; and in the warm avea, Centroplorus,
Macrurus, Alepocephalus  Crinrdi, Haloporplyprws  eques,  Synapho-
branehus pinnatis, and Fpigonus telescopivm,

Cases are even to be found of closely allied species each confined
to one area.  Thos Cettincilvs Thomsoni 1s fomud in the warm area
at a hottom temperature of about 7° to 87 C,, and ranges south from
its northern boundary to the north-west coast of Afriea; while
rr‘ .i'i.l'.l;l".ﬂ'”‘fhﬂ oECurs i" "I"_II [‘lrlil area at o I]U".ll}ﬂl ti_:lll]rl_'l";lt.lll'l_'- llr :II]E:I”I'.
0% to -2° €., and ranges northwards to the neichbourhood of Spitz-
hergen.  Yet both these species have been taken at temperatures of
35" C. between leeland and Greenland (Liitken, 1898), and at tem-
peratures between 597 C.oand 7-77 O by the Albaiross in the Western
Atlantie, It is, therefore, quite probable that the difference in the
faunas of the two regions is in part rather due to the sudden change
in temperature than to the absolute difference.  Some, however, of
the species of the cold area—e.g., Lycodes endiplenrostictus and Lyeo-
donus flagellicawda—are only known to oceur at very low tempera-
tures ; while other species found in the warm arca—for example,
arve distinetly

Alepoeeplials Criardi and  Epigonws  telescopinm

warim-water fishes.
20—2
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SCYLLITDE,
Pristivrus melenostomus (Raf.).

Station 21. 38°19° N, 8° 51" W. 191 fathoms. Sand. DBottom
temperature, 9-6° C. One, 565 millimetres.

Raninx.

Reaia cirewlaris (l,'nllvll_.s'-rwxn .\:h‘fr'fﬁ}_

-

Station 19. 587 28" N., 8% 29° W. 180 fathoms. Sand. One,
165 millimetres. (A second skate, of about the same size, not
preserved, was probably of the same speeies. )

Station 21. 58719 N, 8°51' W. 191 fathoms. Sand. DBottom
temperature, 96" C.  One, yvoung.

Ruia nevews' (Miiller and Henle).
R. miraletus (Couch, nee L).

Station 25, 587 49" N, 6° 35" W. 72 fathoms. Shells and sand.
One, 74 millimetres across dise, with well-marked ocelli,

The depth at which this specimen was taken is worthy of note, as

R. neevus is, in our experience, usually a littoral species not commonly
1-;|11gi|1;_1- hevond about the 40-fathom line.

SCOPELLD K.
Seapelus glacialis (Rheinhardt).
Station 8. 60° 18" N, 47 43 W. 330 fathoms. Gravel and shells,
Two, 67 and 55 millimetres (without eaudal fins), were brought up hy
the dredge ; there was nothing to show at what depth they entered

the net.
MacruURID.E.

Macrurus levis (Lowe).
Station 19. 58° 28’ N, 8°29" W. 130 fathoms. Sand. Two,
525 millimetres and 235 millimetres.

! This is the only name which seems to us to have been first applied to the
familiar cuckoo ray.
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Station 21, 58% 19 N, 87 517 W, 191 fathoms. Sand. Dottom
temperature, 9-6° C. One, 515 millimetres,

[Station 22, 58 5 N, 8" 46" W. 144 fathoms. Sand. DBottom
temperature, 9°5° C.  Four Macrwrns (not preserved) were probably
of this H'il(*:'.ier-t.]

This widely-ranging speeies 1s apparvently absent from the cold-
water area of the North Atlantie, as it was not met with either by the
Norwegian North Atlantie Expedition (Collett, 1580), fngolf (Liitken,
1898), or Michael Surs (Collett, 1905), although abundant oft' the
southern part of the west coast of Iveland. With the exception of
two specimens found dead on the coasts of Norway and Denmark, the

above are the most northerly records known to us.

G ADILE,
(ralus aroenteins (['ruirlu*nut}.
Station 21, 58 197 N, 851" W, 191 fathoms. Sand. DBottom
temperature, 967 C. - One, 125 millimetres long.
Brosmius brosme II::"I-[iiHl"L'].
Station 19. 58" 28° N.. §8° 200 W, 180 fathoms. Sand. One,
450 millimetres.

Station 21. 587 19° N., 87 51" W. 191 fathoms. Sand. DBottom
temperature, 1-6° C. One, 610 millmetres, ca. (feste Buchan Henry).
Plugeis bennioides l:j yritnnich ).

Station 19 587 28" N., 8% 29" W, 180 fathoms. Sand. One,
315 millimetres, eq. (damaged).
Station 21. 387 19 N., 8 51" W. 191 fathoms., Sand. Bottom
temperature, 9°6° C. One, 130 millimetres, ca.
L 87465 W, 144 fathoms.  Sand.  Bottom
temperature, 05° C.  One (teste duehan ”l'lll‘}':].
Motella Rheinfirdti ( Ik rivyver). .

Station 9. 60 47 N, 57 47 W, 495 fathoms.  Bottom tempera-

Station 22, 58" 5" N

ture, —0°8° C. One, 145 millimetres long.

I We are indebted to Mr. C. "I Ryan for kindly identifying this species.
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Station 10, 60° 3 N, 6° 24" W. 496 fathoms. Gravel, sand,
mud, shells, and stones. Bottom temperature, =0:1° C. Two, 115
and 135 millimetres long.

Mr. Opie notes the colours shortly after capture as pinkish-brown
or light brown, slightly darker dorsally, belly hetween anus and ventral
fins very dark ; pectoral, anal, and eaudal fins pink, dorsal fin darker.

PLEUROXECTID.E.
fﬁppn;'h.-.-.'.mfrfr*.h' jln"u{r'.\':;f.lhff'.\' {]"uhri(rius}.

Station 19, 58° 28 N, §° 20° W, 180 fathoms. Sand. One,
175 millimetres (perhaps others, which were not preserved).

Plewronectes microcephalus (Donovan).

Station 23, 58% 49 N, 6° 35 W. 72 fathoms., Shells and sand.
Two, 115 and 103 millimetres.

Plewronectes cynoglossus (L),

Station 21. 58% 19" N,, 8% 51" W. 191 fathoms. Sand. DBottom
temperature, 96 C.  Two, 235 and 230 millimetres,

}fw.rfg'npfw'ar.u .rm';_,r‘-ri.vhmrrr {]hmu‘.':ll!},

Station 19, 58° 28" N, 87 20° W. 180 fathoms. Sand. One,
315 millimetres (perhaps others, which were not preserved).

Station 21, 58° 10° N, 8% 51" W. 191 fathoms. Sand. Bottom
temperature, 96° C. One, 225 millimetres, and (fesfe Buchan ][{"H[‘J’}
seven others up to 300 millimetres, ca.

Station 22, 58" 15 N, 8° 46" W, 144 fathoms. Sand. Bottom
temperature, 95" C.  Five (fesfe Buchan Henry),

Station 23, 58° 49" N, 6° 35" W, 72 fathoms. Shells and sand.
One, 150 millimetres.

The specimen from Station 23 was speckled with black more or
less all over the ocular side of the body and fins, and had a few larger

IJ]Ut(:Il{’ﬁ 011 t.]ll_" ]’j{l{lﬁ.‘.
(xOBIITLE,

GGobius Jeffreysii (Giinther).
Station 23. 587 49 N, 6° 35" W. 72 fathoms. Shells and sand.

Une, 50 millimetres.
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SCORPENTD.E,
Seorpani dactyloptera (Delaroche).

Station 15, 50° 15 N, 8 1" W. 320 fathoms. Grey sand.
Bottom temperature, 8:7° C.  One, 285 millimetres,

Sebastes marinus (L.).

Station 5. G0° 18 N, 47 45" W, 330 fathoms. Gravel and shells.
Bottom temperature, 1'8° €. Two, 250 and 245 millimetres,

Station 21, 58° 19° N, 87 51" W, 191 fathoms, Sand. DBottom
temperature, 9:6° C. One, 240 millimetres.

Corrin.e.
Cottwnculus microps (Collett).

Station 10, 607 3° N, 67 24" W, 496 fathoms. Gravel, sand, mud,
shells and stones.  Bottom temperatare, —0-1° C. Ten specimens,
148 to 245 millimetres longe.

Ome of the smallest specimens, 148 millimetres long, was a female
containing ripe ova, which were 4 millimetres in diameter.  Collett
(1905) observed ova 4-5 millimetres in diameter in a female 195 milli-
metres long. The ova ave evidently demersal, like those of Coffies, and,
ill .iI“ '[l['l}hﬂ]'_li]it:i'! anre Hill'l”-:“"llil.' ll[_"!l“ﬁ'llli_"l:l. i!l INTH BT ?1-[['_ "}Ilil_" I'I.I.{_I[I‘L'
the following note of the colounrs of these specimens when freshly
caught : * The tail was light-coloured ; anterior to this was a brown
band, and in front of this another licht band, including the dorsal and
anal fins ; then another brown band, followed by another light hand, and
then a brown band extending to the operenlum.  In front of this
another light band extended nearly to the eve. The face was spotted
more distinetly in some specimens than in others ; the tip of the nose
was light in most cases; but not in all ; there was a dark pateh under
the eve.  The belly was a bluish-white ; the under side of the pectoral
fin was very dark. The eve was bright bluish-green, with a bright
marein,

The specimens show considerable variation in the oceipital spines
or tubereles, which may be practically simple or bicornate or tri-

cornate,
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. microps oceurs on muddy, sandy, cravelly, and stony ground, at
depths of from about 100 to 630 fathoms. It appears to be a distinetly
cold-water species, the highest temperature record being 7-7° C.
(Alhatross), and the lowest —0-217 C. (Collett, 1905).  On the eastern
sile of the Atlantie 1t ranges as far north as the open sea south and
west of Spitzbergen, up to 80° N. (Collett, 1850), and as far south as
the cold area of the Faeroe Channel, where it has been taken by the
Kuight Errant in 307 to 608 fathoms (Giinther, 1857), and by the Sitver
Belle. 1t was not found by the Michael Sars in hauls south-west of
Faeroe and north-west of the Hebrides, where the hottom temperature
was about 8% C. (Collett, 1903), and has never oceurred in the area
west of Ireland fished by the Helga.

On the American side of the Atlantie the recorded range of
. microps extends as far north as Davis Strait (Liitken, 1895) and as
far south as 31° N, (Goode and Bean, 1595), the recorded temperatures
varyving from 7-7° C. to 3:2° C. ; the former temperature is consider-
ably higher than any at which the species is known to occur in the
Sastern Atlantie, where, however, it has been taken at 58" C. between
Teeland and Greenland.

Liparis Rheinkardti (Kriyer).

Station 10, 60° 3" N.. 6° 24" W, 496 fathoms. Gravel, sand, mud

shells, and stones.  Bottom temperature, — 01" C. Three

3
62, 33, and

32 millimetres long.
When newly captured these fish were (fesfe Mr. Opie) pink in
colour, with shiny bluish-white abdomens.
UALLIONYMID.E.
Callionymus, sp.
Station 22, 48° 4% N, 6° 35 W. 72 fathoms. Shells and sand.
{ e very small :-,|]L‘t'il|!{'!], 21 millimetres |utlf_-'.
Lycodes endiplewrosticius (Jensen ).
Station 10, 60 3" N, 6° 28 W. 406 fathoms. Gravel, sand, mud,
shells, and stones.  Bottom temperature, —0°1° C.  One, 115 milli-

metres long.



Fishes of 1907 Cruise 234

Mr. Opie noted the colour soon after capture as light brown, with
white vertical bands ; the fins darker in colour than the body ; abdomen

brilliant hlue.
Lycodonus flagellicawda (Jensen).

Station 10, GO® 3 N, 6° 24" W. 496 fathoms., Gravel, sand, mud,
shells, and stones. Bottom temperature, —0-1° C.  One, 234 milli-
metres long.

My, Opie noted the colour soon after capture as follows : ¢ Behind
the abdomen the body was a very pale French grey ; the abdomen
was a shiny brilliant blue.”

A widely distributed species, ranging from near Spitzbergen and
north of Ieeland to the Faeroe Channel, at depths of from 460 to 1,000
fathoms—always in cold water, the recorded temperatures all lying
between —00053° C, and = 1-5° C. (see Jensen, 1904, and Collett, 19035).

STATIONS OF THE <SILVER BELLE, 1907.

Sraron L.—July 12: 60° 44" N,, 2° 50' W, 153 fathoms, Trawl. Nearly one
hour.

Srarion 2.—July 12: 60° 47" N, 2° 55" W. 280 to 300 fathoms, Bottom
temperature, 8° C. Trawl, two hours, on its back.

Srarvion 2 (continued ) —Same locality. 300 fathoms, Trawl, one hour,

Sramox S.—July 13: G0° 46" N., %° 36" W. Temperature, —04° C. 451
fathoms. Trawl, not on bottom.

Starmon 3 (continued).—507 fathoms.  Shingle.  Bottom temperature, 004"
Trawl.

Starion d,—July 14: <507 fathoms. Bottom temperature, 004" C° This entry
is probably wrong. The depth at station 4 appears from chart of cruise to
have been 550 fathoms. Trawl did not reach bottom, so any bottom animals
labelled station 4 must ]n'hmg to station &,

Stamox S.—July 14: 60° 15° N, 4° 25° W. 265 fathoms. Shingle. Bottom
temperature, 7° C, Trawl,

STATION 3 {r'rmﬁum'{fl,—-lll]_\' 15: G0° 26" N., 4° 8 W. 552 fathoms. Hul!gh
ground. Bottom temperature, 1:87 €. Agassiz trawl.

Sramox G—July 16G: 597 55" N, 4° 38° W. 97 fathoms. Rocks and stones,
Surface temperature, 1147 €. Bottom temperature, 9°5° C. Dredge.

Sramox T.—July 17: 60° 7 N, 4° 52 W. 216 fathoms. Gravel and  large
stones.  Botbom temperature, il ”t'-l;'{lgl.'.

S0
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Sramon S.—July 17: 60" 18 N, 4° 43" W. 330 fathoms. Gravel and shells.
Surface temperature, 10° C. ; bottom temperature, 1'8° C. Dredge and trawl.

Srariox 9. —July 18: GO° 4" N., 5% 47" W. 485 fathoms. Surface temperature,
11° C. ; bottom temperature, 0-8° C. Trawl.

Srarion 10.—July 19: 60° 3" N., 6% 24 W. 496 fathoms. Gravel, sand, mud,
shells, and stones.  Bottom temperature, 0°1° C.  Agassiz trawl,

Starion 11.—July 20: 60° 4 N, 6° 25 W. 160 fathoms. Beam trawl.

Stariox 12.—July 27: 60 57" N, 87 10" W. 220 fathoms. Rocks and shingle.
Surface temperature, 10-6° C. ; bottom temperature, 8° C.  Otter trawl.
Starion 13.—July 27: 60° 32" N, 8° 8 W. 357 fathoms. Rocks aud shingle.

Surface temperature, 10°6° C.  Otter trawl, when hauled, found to be broken,
Srariox 14.—July 28: G0° 183" N, 8° 40° W. 760 fathoms. Mud. Plankton
net.  Plankton was taken at the following depths :

Temperatura,
Surface ... 11:82 ¢,
100 fathoms 58° C,
LN F 85° C.
00 o 0% €.
400, o 767 C.
500 o e G:8° (.
(AL " G20,
T00 . S5 s Fer 4-0° C,

Srariox 15.—July 29: 60 15" N., 871" W. 820 fathoms. Grey sand. Surface
temperature, 12:3° C. ; hottom temperature, 85°C. Otker trawl.

Stamon 15 (continued).—Same locality, Agassiz trawl.

Starox 16.—July 81: 59° 17" N, 7° 52° W. 8835 fathoms. Shingle. Surface
temperature, 11-4° C. ; bottom temperature, 8:8” C.  Otter trawl.

Srtariox 17, —August 1: 587 538" N, 8° 14 W. 3585 fathoms. Shingle. Surface
temperature, 11°6° C.  Agassiz trawl.

Stariox 18, —August 1: 58 54 N, 8% 80° W. Gravel. Surface temperature,
12° C. Otter trawl.

Srarion 18 (continued).—Same locality, Dredge.

Srariox 19.—August 2: 58 28" N, 8° 29° W. 180 fathoms. Sand. Otter
trawl.

Sration 20, —August 3: 587 832" N, 8° 28° W. 216 fathoms. Sand. Bottom
temperature, 94° C,  Otter trawl.

Srariox 20 (continwed).—Same locality, Agassiz trawl.

Starion 21, —August 4: 58° 19 N, 8 51" W, 191 fathoms, Sandy. Bottom
temperature, 6% C.  Otter trawl,

Srarion 22 —August 17: 58° 15 N,, 87 46" W. 144 fathoms. Sand. Bottom
temperature, 0-5° . Otter trawl.

Sramion 23 —Auguost 8: 58”7 49° N, 6° 385" W. T2 fathoms. Shells and sand
Agrassiz trawl,
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