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THE SALINITY AND TEMPERATURE OF THE IRISH
CHANNEL AND THE WATERS SOUTH OF IRBIZAND.
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The investigations on which this report is founded were
commenced in February, 1903, and include ohservations up to
the end of May, 1912. They consist of determinations of tem-
perature and salinity during the months of February, May,
August and November made on board the Helga®and of observa-
tions made at all times of the vear up to 1907 at three lightships

and one lighthouse, and thereafter at one lightship.

BY

i

APPARATUS,

On the four quarterly eruises Ekman reversing waterbottles
with messengers have been used, generally in series, for ob-
servations below the surface and on occasion at the surface
also. They are fitted to carry two thermometers of the revers-
ing type but as a rule only one has been used. The thermo-
meters were of the pattern made by Richter of Berlin, with
which it is possible to read to the second place of de-
cimals, but the temperatures cannot be considered accurate
to this extent as differences as great as -05° have been
found between simultaneous readings of two instruments after
applying all corrections. The fact that the thermometers
have not been used in pairs also throws a certain doubt on the
results, as these instruments are liable to sudden changes in
the breaking-off point of the mercury thread, which may give
rise to errors of considerable magnitude. Large errors are, of
course, easily detected by the irregularity in the resulting tem-
perature curve, but small ones may be overlooked if a second
thermometer is not used as a econtrol.  An examination of the
observations makes it almost eertain that no large errors have
occurred, but the small differences mentioned above are probably
duea to such changes.

During the earlier years of the investigations maximum-
minimum thermometers were chiefly used and also reversing
thermometers of Negretti and Zambra’s older model. The
latter were graduated to half degrees and were unprovided with
auxiliary thermometers, and temperatures could only be
recorded to the nearest tenth of a degree. As regards the
maximum-minimum thermometers, sinee in the areas in which

Fisheries, Ireland, Sei. Invest., 1913, IV, [1914].
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they were used the temperature generally changes continually
in one direction, the readings were pr obably accurate except
for errors caused by the index shipping in the bore, and there
is no reason to suppose that this has taken place to any important
extent.

Surface temperatures and water samples on the eruises
have been taken as a rule by means of a bucket, and this method
has of course been used at the lightships. All thermometers
have been provided with a certificate showing errors, either
from the National Physical Laboratory, or, in the ecase of
Richter’s thermometer, from Charlottenburg, and all, exeept
the capsizing ones, have since 1904 been periodically compared
with the standards in the Physical Laboratory of Trinity
College, Dublin.

DETERMINATION OF SALINITY.

The water samples have been preserved in 6 oz. milk bottles
with poreelain stoppers, rubber washers and spring catches.
As a rule these have given very good results. A few have been
broken in transit, and in some cases an abnormally high salinity
has been found to be due to a leaky washer or a eracked bottle.
Such causes of error are however easily detected, and very few
salinities of doubtful accuracy have been used for this report ;
when such have been used attention has been drawn to them.

Some of the samples taken at the lightships have been
found to contain so much sulphuretted hydrogen as to be useless ;
this is probably due to the accidental enclosure of a piece of weed
or other organic matter.

For various reasons I do not consider that the observations
of salinity taken previous to 1909 are so wholly reliable as to
eliminate the possibility of serious error in the deduction of
mean isohalines. I have therefore confined consideration in
this paper to salinities determined by myself or by my assistant
Mr. C. W. Frost. The samples were titrated by Mohr’s method
against the International Standard Water, and the results have
been calculated by means of Knudsen's Hydrographical Tables,
1901.  The pipette, of Knudsen's model, held about 16 ce.,
and the burette was of the bulb form, drawn out to a fine jet
at the upper end. Under suitable conditions, that is, with
small variations of light and temperature, one titration for each
analysis has been found sufficient in the case of the upper layers,
but in nearly every case samples taken at a depth of one hundred
fathoms or more have been titrated in duplicate. In hot
sunny weather, however, the temperature often changes so
rapidly that it is necessary to make all titrations in duplicate ;
this was particularly the case during the summer of 1911.

For the deeper samples the salinity has often been caleulated
from first principles in order to avoid the slight error due to
the use of Knudsen’s Titration Tables, owing to the rounding
off of the corrections. It is expressed in parts per thousand
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of salt by weight, that is, the number of grammes of total solids
contained in a thousand grammes of water, and is calculated
from the chlorine content by the formula S=0-03-41-8050 Cl.

MeTtHoD oF Cancurating THE MEgan VALUES.

Almost the whole of the observations during the quarteriy
cruises are vertical series, and those from the surface only
are so few that thev have been disregarded.

In order, as T am informed by the officer responsible,
to avoid giving a specious appearance of identity to Stations
which, owing to weather and other circumstances, were not
in fact exactly identical in position, the Irish observing
Stations have received a serial number only. For purposes of
tabulation the following procedure has therefore been adopted.
A chart was prepared for each of the four months, on which
were plotted in their correct position all the serial numbers
from the beginning for the month in question. It was seen that
though the observations tended to fall into groups, yet the area
of these groups varied considerably, and some observations
were completely isolated. In one or two instances the stations
for a eruise had been so placed that they fell midway between
the groups formed by the majority ; in this case a section was
drawn for these observations and from this was interpolated
the most probable value at the centre of each group; such
values were then used as if they had been actually observed.
Of course such a method is open to objection, but it is the only
one possible short of neglecting the observations entirely,
which would probably have given rise to even greater errors.
The charts were then carefully examined and peneil lines were
drawn to include all positions which fell sufficiently closely to-
gether, the size of the group being varied according to the
position ; in the North Channel, for instance, the group would
have to be verv much smaller than in the area close to the
south-east coast il the probable error is to be the same in each
case.

The mean date, position, depth, and temperature and salinity
for various strata were then calculated for each of these groups,
by interpolation from a curve when observations at a selected
depth were missing. In the rather numerous cases where the
sprungschict or surface of separation between two bodies of water
of different temperature and salinity fell near the missing
observation the interpolation is of course extremely uncertain,
and to avoid error due to any preconceived idea as to its shape
the curve has been drawn here as a straight line.

To ealeulate the mean eonditions for the whole year a number
was given to each of these groups, and these numbers were
plotted again on a fifth chart.  Another series of groups was
thus obtained, and a final number was given to them when
they contained at least two years’ observations for each of the
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four eruises, or when they were new positions which will probably
be investigated regularly in the future. Below is given a list
of the more important of these mean positions.

MeanN Positions ofF IriSH STATIONS, WITH THE NUMBERS
USED FOR REFERENCE IN THIS PAPER.

No. | Lat. N. | Long. W. :| No. | Lat. N. | Long. W.
' | |
I_ Ty .I
S R (L 5* a0 || 35 B2 107 Lt #R B
2 | 54° 36 i | 36 52° g 5° 51°
2 | 54* 385 4°% 564 | 37 52° ¢ 5° 36
4 54° 16" B 205 | 18 52° 4 5° 20
5 54° 217 4° 54" | 39 51° 547 6° 48
6 54° 31 4° 48 40 51° 36" 6° 38°
7 54° 0 5° 497 41 e b 6° 28°
8 54° 0 5° 82" 43 (E 30)| 50° 57° 8° 21°
9 54° 0 5° 14 44 517 20¢ 8° 59°
10 54° 0 4° 58 45 51° 25 7° 30
12 53° 40 5° 48 46 51° 36 A° 14’
13 53° 40° 5° 31° 52 51° 147 9° 437
14 53° 40° 5° 147 53 50° 567 9° 56'
15 53° 417 4° 56 54 50° 19 10° 21"
16 53° 22° 5° 46 56 50° 35 11° 19"
17 53° 21" 5° 30 57 50° 52 112
18 53° 217 e 58 51° 10/ 10° 54"
19 53° 21" 4° 55 59 51° 27° 10° 43°
21 53° 92 5° 45 60 51° 38’ 11° 1
22 53° 3 5% 30/ 61 51° 31° 11° 28"
23 53° 92 5% 12/ 62 51¢ 23° 11° 51°
24 53° 3 4° 56’ 63 52° 2 10° 58"
26 52° 41’ 5° 5%’ 64 52° ¢ 11° 1’
27 52° 41’ 5° 37 65 51° 58’ 11° o
a1 52° 29° 6 0 l 66 51° 56" 11° 437
32 52° 27 5° 45 67 51° 547 11° 58
33 52° 26° 5 27" 65 61°% 507 12% 14°
24 pa® 247 F &6° 10"

As has been mentioned, the groups often cover a considerable
area, even when the intention was to make the observations
at one point on all eruises. Off the south-west coast where
the steamer is out of sight of land for some time and the weather
may make an astronomical fix impossible, it is of course un-
avoidable that errors should oceur in making the position of a
station, which eannot be discovered until the next landfall.
On the other hand, in the Irish Sea, the depths are so irregular
that an error of a mile in position may lead to a considerable
change of the depth ; thus it happens that stations which by
dead reckoning were made at identical positions show a difference
of depth of twenty or thirty fathoms. As will be seen from the
sections, the depth has a great influence on the salinity and
temperature, and this variation in the depths recorded gives
rise to some uncertainty in caleulating the means, and in the
case of the bottom water the temperature in places is probably
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too high and the salinity too low. The most difficult section
to draw on this account has been No. IX. Here the depth
increases very rapidly seawards outside the 200-fathom line
and it appears from the soundings made on the various cruises
that the line of stations runs out along a submarine wvalley
pushing up to the coast from the deeper water. Identical
depths may be found here at the bottom of the valley at its
shoreward end and on its slopes much further seawards ; but as
will be shown later, there is strong reason to suppose that the
isohalines and isotherms are tilted up the sides of the valley
and so the salinity and temperature would not be the same at
the two positions in spite of the agreement of the depths.

Tue Prymouvrn axp LiveErrooL OBSERVATIONS.

In order to make the report as complete as possible use has
been made of the results obtained in ecoennection with the
International Fishery Investigations by the Marine Biological
Association at Plymouth and by the Liverpool Marine Bio-
logical Committee.

The Plymouth observations consist of live stations (K on
the charts) (Plates XTI to XV), on the western side of the Irish
Channel and south of the latitude of the Smalls Light, and of
a series of surface observations at the Cardigan Bay and Seven
Stones Lightships, of which the former is now removed.

Of these stations, 6 has been worked on all quarterly
cruises except one, from the beginning of the investigations
in February 1903 to November 1909, the last cruise before
the work was transferved to the Board eof Agriculture and
Fisheries. Stations E26 to K30 have been worked twice in
February and three times in May, August, and November ;
130 has sinee been adopted as an Irish Station so that in some
cases there are four sets of observations from this position.

In the Irish Sea the Liverpool Marine Biological Committee
has a line of stations running westwards from Morecambe Bay,
along the fifty-fourth parallel, to the Isle of Man, and then turn-
ing southwards a short distance to the east of the easterly
Irish stations. There are here sets of observations for each
of the quarterly cruises, for the years 1907 to 1910 inclusive ;
on some eruises only surface observations have been made, and
in order to calculate the mean bottom salinity and temperature
the missing values have been interpolated by ecalculation of
the difference between the surface and bottom for the dates
when observations at both are available.  There is therefore
some uncertainty as to the true bottom conditions, but the char-
acter of the water changes so rapidly as we eross from the shal-
lows of Liverpool Bay to the deep water westward of the meridian
of the Isle of Man that the error in the charts is negligible. It
will be seen that in some eases the isohaline ov isotherm running
through these Liverpool Stations is shown by a broken line,
indicating some doubt ; this is not intended to convey that the
observations here are doubtful, but that they are not such
that the course of any one isohaline can be aceurately traced.
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Tue CHARTS AND SECTIONS.

The tabulated means show that the differences between
surface and bottom over a large part of the area lying between
Wales and Ireland are very small, so that no sections are neces-
sary here.

The charts were constructed by plotting the mean wvalues
and then drawing isotherms and isohalines among them. When
an isotherm or isohaline fell between two stations its position
was calculated on the assumption that the value changed linearly,
but this caleulated position was not always used if it gave rise
to sharp bends in the curve. This was particularly the case
as regards the salinities ; it often happened that stations with
only two vears’ observations fell among others with three or
more years results, and a strict adherence to the caleulated values
would have given a verv complicated and improbable picture.
The isohaline of 34-50 per thousand at its northern extremity,
is on the whole the most doubtful for this reason.

As a rule, the chart isohalines have been drawn for 83-90,
34-00, 34-235, 3450, 34-75, 85-00, and then for every 0-10 inerease,
but in special cases others have been used where they give a
clearer idea of the distribution. The isotherms are drawn
for every degree, often for every half degree.

SECTIONS.

Owing to the varving depths found on different cruises the
sections have not always the same bottom outline, but on the
whole the difference is small.

The isotherms are drawn for every degree or half degree
according to circumstances, but it has not been possible to use
the same isohalines as on the charts. In all cases those have
been drawn, which give the cleavest idea of the position of the
various water layers. On the sections the position of the
mean stations are shown by short vertical lines with the number
of the mean station above it. It should be remembered that
the position of the mean stations (see page 4) is not exactly
the same as that of the corresponding mean station for any
given month, but for present purposes the difference is negligible.

The position of the stations is shown on the inset charts
on the plates of sections.

The mean salinities and temperatures at the surface and
bottom are given on the sections. It will be found that in a
few cases there is a slight discrepancy between the charts and
the sections as regards salinity. The latter show the actual
caleulated values depending perhaps on two years’ work only ;
the former the more probable course of the various lines when
everything is taken into consideration.

Licatsuip axp LicaTHOUSE (BSERVATIONS.

_ Reliable salinity observations are available from the Con-
ingbeg Lightship from March 1909 to July 1912, and tempera-
ture observations from the beginning of 1904 to September
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1912. The salinities were observed at half tide, about every
seven days on the average, but there are many blanks.

Temperatures arve also available from the Skulmartin and
South Arklow Lightships and the lighthouse on the Fastnet
Rock, for three years 1904, 1905, and 1906.

All the temperatures have been taken daily at half tide,
but they vary very much in value. At the Fastnet, observa-
tions cannot be made in rough weather, and sometimes not
even one 1s to be had during a ten-day period ; and at no time
were they taken more than once a daw At the other positions
observations are possible in rough weather, but their value is
somewhat diminished by a want of uniformity. In some cases
only one observation has been made each day, but this has
been the mean of several readings made within a few minutes
of each other. At other times the temperature has been re-
corded twice a day, but in some cases only during the daylight
hours, in others at all times during the twenty-four hours.
All the records suffer from the fact that they have been taken
at half tide, for we cannot be certain that this will give a true
daily average, In the case of those from the Coningbeg
Lightship the average values are founded on a larger number
of years.

The chart showing the mean surface temperature for the
whole year is founded on four months in each year only. In
order to get some idea of how closely such a mean agrees with
the true mean, the mean vearly temperatures at the Lightships
and the Fastnet Rock have been calenlated both from the mean
values for each ten-day period throughout the year and from the
first ten days of each of the eruise months. The results are
shown below, and it will be seen that the differences are very
small except in the case of the Fastnet Rock, where the weather
has made the records very incomplete. It is not strictly per-
missible to argue from shore waters to the open sea, but still
there is very good reason for supposing that the mean tempera-
ture charts are very close to the truth, especially in the case of
that for the bottom, where the daily change is small or negligible.

YEARLY Mpax TEMPERATURES.

Skul- | South

martin. | Arklow. |Comingbeg. Fastnet.

Calculated from all 3 g
observations . - 9:72° | 10-53° 10-76° 10-56°
Caleulated from  the
first ten-day periods
of February, May,
Aungnst, and Nowv- |
ember . : ! 9-80° 10-60° 10-75° 10-83°
Difference . 5 « | 0-08° +0-07° —0-01° 1 +0-27°

—
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Tue DeEreEcTs oF THE MgETHOD 0F MEAN VALUES.

It should be remembered that the use of mean wvalues at
times tends to hide important and regularly reeurring pheno-
mena. This is particularly the case where a sharp division
into two layers always occurs at a given time, but at depths
varving from year to yvear. The mean section and curve will
not show a sharp division at one depth but a more gradual
transition between the two layers.

TaeE TipeEs oF THE IrisH CHANNEL.!

It will be shown in the sequel that the tides exert a great
influence on the distribution of salinity and temperature in the
Irish Channel and a short account of their chief features may be
given here with advantage.

The tidal wave is a vertical undulation of the water and is
to be distingunished from the tidal stream to which it gives rise
when checked by deecreasing depths or the conformation of the
land. It approaches the south-west coast of Ireland from the
Atlantic in an approximately north-easterly direction, so that
its crest reaches Cape Clear and Ushant at about the same time.
Off the former place it divides into two portions.  The western
half travels northwards along the west coast of Ireland, and
following the line of the shore passes southwards through the
North Channel to meet the other branch in the latitude of the
Isle of Man. The easterly half moves in a north-easterly and
northerly direction into the Bristol Channel and through the
St. George’s Channel into the Irish Sea; its height is everywhere
greater at its eastern than at its western extremity, so that
the spring rise is on the average eleven feet higher on the English
and Welsh coasts than on those of Ireland.

The tidal stream is a horizontal movement of the water
resulting from the checking of the wvelocity of the tidal wave
by shallows or the form of the eoast ; eonsequently its strength
will vary considerably from place to place according to the
opposition offered to the wave, and the Irish Channel shows
these variations extremely well. As has been said, the two
branches of the tidal wave meet between Carlingford Lough
and the Isle of Man, where the two resulting streams, flowing
in opposite directions, neutralize one another, while the heights
of the two waves are added together; acmrﬁingly the stream
is here almost imperceptible, while the spring rise is from 16
feet to 20 feet. On the other hand off Arklow there is little
resistance to the wave, and the spring rise is only four feet,
though the speed of the stream reaches four knots or more.

The changes in the tidal stream are referred to the time of
high water at the entrance to Liverpool Bay as a standard,

1 The Irish Channel is the whole of the sea lying between Ireland and
the opposite coast of Great Britain. The *“ southern entrance ” to the
Irish Channel is in this report that part of it which lies southwards of the
latitude of the Tuskar.
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though as it happens the time of high water at Dover is so nearly
the same that it can be used for reference for most purposes,
as is done in the charts of the tidal streams in the English and
Irvish Channels published by the Hydrographic Office,

At high water at Liverpool Bay there is slack water over
nearly the whole of the North Channel and Irish Sea, though
weak shore streams are perceptible. In the St. George's
Channel the ebb has already begun to flow southwards, and in
the Bristol Channel it is just ending ; that is, the ebb of the
Irvish Sea coincides with the flood of the Bristol Channel.

As the water falls at Liverpool Bay it ebbs northwards
through the North Channel and southwards through the St.
George's Channel. The latter part divides into two branches ;
the easterly one flows round the south-west coast of Wales
to form the flood tide of the northern half of the Bristol Channel,
and at the same time the ebb of the English Channel turns to
the north-east round Land's End and flows along the north
coasts of Cornwall and Devon to become the flood tide of the
southern half of the Bristol Channel.  Shortly, the flood tide
of the Bristol Channel coincides with and is in great part dervived
from the ebb tides of the English Channel on one side and the
St. George’s Channel on the other,

The western half of the ebb of the 5L. George's Channel
flows south-westwards along the south-east coast of Ireland to
join the stream which has already been running westwards past
Cape Clear for three hours.

At three hours after high water at Liverpocl Bay the tide
begins to set to the north-east and east on the south-east coast
of Ireland, but elsewhere the ebb continues unchanged until
low water at Liverpocl Bay, when again there is slack water
over the whole area north of the latitude of the Tuskar, neglecting
as before the weak coastal streams. In the Bristol Channel,
and in its southern half in particular, the last of the flood 1s
still running.

As the water rises at Liverpool Bay the ebb sets out of the
Bristol Channel, south-westwards towards Land’s End, and
westward and north-westwards into the St. George's Channel,
where the flood is now running.  The floed in the latter tends to
flow to the east of north, and northwards of the latitude of
Anglesey it turns almost due east to Morecambe Bay. At the
same time the flood tide in the North Channel which has been
running since low water at Liverpool Bay, bends eastwards to
the north of the Isle of Man to meet the scuthern flood in
Morecambe Bay, where the united effect of the two streams
causes a rise as great as bwenty-eight feet at spring tides.

The Irish Channel contains two areas where the stream
is almost imperceptible and where the power of the tide to cause
vertical mixing of the water is almost nil. One of these, to
the westward of the Isle of Man, has already been mentioned.
The other lies off the entrance to the Bristol Channel. Its
position changes slightly with the state of the tide, the centre
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moving from about 51° N. Lat. and 6° W. Long. to a point not
far from the opposite coast of Ireland.  In both these areas we
find a bottom consisting largely of mud which is able to deposit
here owing to the small scour, and as will be shown, the re-
latively undisturbed stale of the water is particularly favourable
to the formation of horizontal lavers of different salinities and
temperatures.

On the other hand, in the area to the westward of Cardigan
Bay the stream flows with great rapidity and the water is so
thoroughly mixed that as a rule it is homogeneous from surface
to bottom, as is the ease in the region of strong tides in the eastern
half of the English Channel,

OIf the south-west coast of Ireland the tidal movement is
fairlv simple, the current setting backwards and forwards
along the shore about six hours each way. TIts strength is not
great and owing to the configuration of the bottom there is no
great tendency to vertical mixing. Consequently horizontal
layers are well developed here at times.

Before proceeding to the detailed discussion of the varying
conditions of the Irish Channel attention may be drawn to the
chief causes of changes in the temperature and salinity, so far
as they are of importance for the region in question. It will
be seen that the fluctuations in salinity and temperature are
to a certain degree dependent on one another so that it is im-
possible to draw a sharp line between them.

Insolation.—By far the most important source of heat
for the surface both of the land and the sea is the sun. When
the solar rays reach the earth’s atmosphere a portion is totally
reflected, and another portion is seattered and absorbed in
the air ; the remainder reaches the surface and is largely absorbed.
There is however an important difference between the effect
en dry land and on a water surface.  The rays do not penetrate
far into soil, and the heating effect is consequently confined to
a layer of very small depth ; as a result the rise of temperature
is relatively great. The sea however allows the solar rays to
penetrate to some distance, and a much larger volume of water
will be warmed but to a far less degree.  Of the heat which
has been absorbed by the atmosphere a certain amount will
be continually radiated to the earth at all times ; but the much
more important fraetion of the whole heat supply, that derived
directly from the penetration of the sun’s rays, ceases as soon
as the sun is below the horizon and is very largely reduced by
clond. There is therefore a daily and a yearly period in the
amount of heat received from the sun. Radiation of heat to
space oceurs at all times, but is very much weakened by a eloudy
sky.  When as in the spring and summer the loss of heat by
radiation is less than the gain from insolation the temperature
of the surface rvises; in the autumn and winter on the other
hand the conditions are reversed and the temperature falls.

Admizture.—Changes of temperature also arise from admix-
ture with warmer or colder water from another source. Thus
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the warm current entering the southern Irish Channel between
the Scilly Isles and Land’s End elose to the land causes a con-
siderable rise of temperature locally, and the water often gels
colder as one proceeds seawards from the north eoast of Cornwall.
Similar changes on a smaller seale oceur where water, highly
heated in bright summer weather or strongly cooled in winter,
drains off shallow sandy flats.

Finally there is the rarer case where there are strong vertical
currents which either bring to the surface the cold water of
great depths or carry the warm surface waters downwards.
No instance of the ascending movement of any importance
seems to oceur in the Irish area, but on the other hand there
appears to be evidence for the existence of descending currents
off the south-west of Ireland, due to the banking up against
the land of the warm water carried shorvewards by the prevailing
drift from the south and west.

Changes of salinity are due either to the relative strength
of evaporation and precipitation or to admixture with fresher
or salter water. Inthe Irish Channel the prevailing pheiomenon
is a steady decrease of salinity as we travel away from the
open Atlantic, a change which is obviously due to the addition
of fresher water, partly derived from local precipitation, but
chiefly from land drainage. The change is complicated and is
best described in connection with the discussion of the charts.

Tue Meaxy CoxpITIONS IN THE IRISH AREA.

In the following pages are given some of the more important
results of the Irish hvdrographical observations. It will be
noticed that the larger part of the area lving eastwards of the
meridan of the Isle of Man has not been included. The condi-
tions here do not resemble those in the western part of the
Irish Sea, and have already heen deseribed by Dr. Bassett in
various reports of the Liverpool Marine Biological Committee.

In the description of the conditions observed in the various
months statements often oceur, such as, that the mean tempera-
ture is highest in a certain month, as August, This is not to
be taken as referring to every month in the vear, but only to
the cruise months, February, May, August, and November,
unless the contrary is distinetly expressed, ss in the discussion
of the lightship observations.

Tue Mean TEMPERATURE OF THE SEA IN THE IrisH AREA.

On Plates IX, X and XV will be found sections and charts
showing the mean temperature for the whole year. Taking
first the surface chart, it will be seen that the mean temperature
increases slowly as we move southwards from about 10° in
the North Channel to 11° in St. George’s Channel and to 12°
off the northern coast of Cornwall and the south-west coast of



IV. *18, 12

Ireland. In the waters lying between Ireland and Great
Britain the higher temperature is found on the eastern side,
while in the open ocean it increases seawards.

The bottom water shows another temperature distribution ;
it is everywhere colder than on the surface, but north of St.
George’s Channel (sections I to V) the difference is not great.
In the broader southern part of the Irish Channel quite other
conditions are found. The bottom temperature is highest
near the Cornish coast and decreases seawards to an isolated
area of less than 9° (see section VII, station 41), surrounded
on all sides by warmer water. Off the south-west of Ireland
the temperature rises slowly seawards from about 9°6° to over
10°, and then falls again to less than 9° as the depth rapidly
increases. There is a marked division into layers of different
temperature, and in the Irish Channel proper the isotherms
dip towards the English side (see section VII). To the south-
west of the Fastnet the isotherms dip seaward, in spite of slowly
inereasing depths, so that the inshore waters are slightly colder
than those of the open sea (section VIII).

Section IX is drawn in a direction slightly south of west
(true) out over the edge of the continental plateaun, depths as
great as 600 fathoms being found at the most westerly station,
The isotherms of from above 12° to that of 10-5° are crowded
together near the surface and follow a nearly horizontal course,
dipping towards the open sea. The isotherm of 10-5° is found
at a depth of about 80 to 100 fathoms except near the shore ;
below this the temperature changes very slowly, 10° degrees
being reached at a depth of from 250 to 300 fathoms and 9° at
nearly 500 fathoms. The bottom water at about 540 fathoms
has a temperature of 8-7°; near the shore it is under 10°, and
between the two regions lies a band of bottom water with a
temperature of a little over 10°.

THE MEAN SALINITY IN THE IRISH AREA.

The same plates show the mean salinity for the whole year.
The surface salinity increases from north to south, and from the
shore seawards, between the North Channel and the Tuskar, a
condition which would be expected, as the chief source of low
salinity is to be found in drainage from the land while the supply
of salt oceanie water is at the southern end. The surface
isohalines bend to north and east so that the highest salinity,
like the highest temperature, is found on the eastern side,
from Anglesey southwards. South of the Tuskar-Strumble
Head line the conditions are more complicated. The salinity
is higher on the Cornish coast than on the opposite coast of
Ireland, and near the eentre of the southern entrance of the
Irish Channel the chart shows a large area, marked by a dotted
line, of water of 84-93 per thousand. This is due to a eyclonie
circulation of the surface water and will be referred to again.
The isohaline of 34-93 per thousand is not drawn ; it would of
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course extend east and west from the dottzd line. To the
south-west of Ireland the surface salinity increases fairly rapidly
seawards from 85-00 per thousand to 3540 per thousand and
then more slowly to 35-45 thousand cent.

The boitom salinities are higher than those at the surface
in the North Channel and southwards as far as s ction III;
from here to the Tuskar there is very little difference between
surface and bottom, and over the whole area there is a tendeney
for the higher salinity to be found on the eastern side, exeluding
the shallows to the eastward of a line drawn north and south
through the Isle of Man. In the southern entrance, division
into layvers again appears, with the higher salinities on the eastern
side, but the difference between surface and bottom is nowhere
much greater than 0-10 per thousand.

Off the south-west and west of Ireland the division into layers
is strongly marked and the isohalines dip shorewards owing to
the presence of layers of fresher water which reach the bottom
near the coast but rapidly become thinner seawards. On the
Tearaght line (section IX) the difference between surface and
bottom nearly vanishes at a distance of about forty miles from
the coast, the water having a salinity of about 35-45 per
thousand, increasing to 35-50 per thousand at about 500
fathoms.

MEAN TEMPERATURE AND SALINITY IN FEBRUARY.

Plates I, II and XI.

At any one place there is relatively little difference between
the surface and bottom temperature and salinity, on account
of the thorough mixing caused by wave action and by the de-
seending currents arising from surface cooling.  The isotherms
and isohalines therefore run nearly vertically except close to the
shore and in the deep water off the south-west coast of Ire-
land (Plate XI.). The horizontal distributions of temperature
and salinity at the surface resemble one another closely ; that
is, they both increase from north to south and from the shore
seawards, the higher wvalues being found slightly on the
eastern side in the Irish Channel. The position of the bottom
isohaline of 34-50 per thousand is somewhat uncertain on
account of the small number of observations available at some
of the stations; it is possible that its northern extremity
should have been shown as an isolated patch of salt water
surrounded on all sides by fresher water.

In the broad southern entrance the isohalines are worth a
detailed study (that of 35-10 per thousand at the surface in
partieular) as they show signs of a eyelonic eirculation which
will be discussed more fully later.

Off the south-west coast of Ireland the conditions are very
simple ; it should be noted however that the isohaline of 35-60
per thousand is founded on one set of observations only.
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The surface temperature is lower in February than at the
time of the other three eruises, except in a small area in mid-
channel, off Anglesey, where the coldest ernise month is May.
The difference between the February and May surface tem-
perature is often only a few tenths of a degree.

In shallow water the botfom temperature is lowest in Feb-
ruary ; in the deeper parts, from the North Channel to the St.
George’'s Channel, the minimum falls in May. In the southern
entrance the coldest water is also found in February except in
deep central area of weak tides, and along the south and south-
west coast of Ireland where the minimum is delayed till
May.

The maximum surface salinity of the year fallsin February in
the area south of section I. and north of the line of stations
31 to 34. In the North Channel and in the southern entrance
the maximum salinity oceurs earlier in the winter, about the
time of the November cruise. Where the surface maximum
falls in February the bottom maximum generally falls in the same
month or in May. A November maximum at the surface is
generally accompanied by one on the bottom also.

Along the north coasts of Cornwall and Devon the conditions
are more irregular, and even show in places a February minimum.

MEAN TEMPERATURE AND SALINITY IN May.

Plates IIT, IV and XII.

Compared with February, the surface temperature has risen
everywhere except in the small area off Anglesey where a May
minimum oceurs.

The botiom temperature in Ma;-,r is less than that on the
surface, and it is at its lowest value for the vear over the whole
of the deep water in the central line of the Irish Channel, except
along the Cornish side.

In the southern entrance the surface and bottom isotherms
differ considerably and the bottom chart shows a deep current
of relatively warm water flowing northwards on the eastern side
with colder water round it.

The surface salinity has fallen since February except at the
two outer stations on the Fastnet line (section VIII). In
some places it has already reached its minimum, as in the North
Channel, off Anglesey, and in the southern part of the St.
George’s Channel.

The bottom salinity is also lower than in February on the whole,
but there are a few stations to the west and south-west of the
Isle of Man where it is at its maximum.

There are some striking differences between the charts for
February and May ; for instance, the 8475 per thousand line
has retreated on the surface, from near Bardsey Island to well
south of the Tuskar-Strumble Head line, and the isohalines of
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35-00 per thousand and 35-10 per thousand have been replaced
by those of 84-90 and 35-00 per thousand respectively, The
bottom changes are somewhat similar, but do not show so well,
as the observations make the position of the 34-75 per thousand
line uncertain.

The evelonie cireulation shows itsell rather more strongly
in the surface patch of low salinity in the centre of the southern
entrance (section VII) and also, ‘but not so well, in the form
of the surface isohaline of 84-90 per thousand.

There is now a distinet division into lavers of different
salinity and temperature, and in the Irish Channel the higher
salinities tend to oceur on the eastern side; this arrangement
is probably due to the earth’s rotation, which causes currents
to bend to the right in the northern hemisphere.

Off the south coast of Ireland (section VIII) the lower salin-
ities near shore are found below the surface instead of at it,
as if the prevailing south-westerly winds had caused a strong
surface drift towards the shore ; this explanation seems the most
probable one, but the conditions may be due in part to a eurvent
along the shore.

Section IX shows the fresher shore water stretching seawards
as lar as station 65.

MEAN TEMPERATURE AND SALINITY IN AUGUST.

Plates V, VI and XIII.

August is pre-eminently the month of high temperatures
and low salinities.

The surface temperature is higher than at the time of the
other quarterly cruises, the increase since May being in many
cases considerable ; thus the 8° line of May has been replaced
by that of 13° or more, the 9° line by the 14° line, and in the
southern entrance where the water had a temperature of a little
over 107 it is now 15° or 16°.  Off the south-west coast of Ire-
land, where the conditions are nearly oceanie, the rise is not so

great.
The surface chart shows two distinet types of temperature
distribution. In the narrower region, northwards of the

Tuskar-Strumble Head line, the warmest water is found on the
coastal shallows; southwards of this line the oceanic type begins
to manifest itself, and the temperature increases seawards
owing to the drift of warm water from the south-west. The
course of the 14° isctherm shows the transition from one type
to the other very distinctly.

On the boltom the isotherms are erowded together and
large temperature differences are encountered in a small hori-
zontal distance as a result of changing depths. The shallower
water is being warmed more quickly by the sun’s rays than the
deep central tract, and so we find such phenomena as the iso-
lated cold bottom area south-westwards of the Isle of Man.
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In the southern area the warm current on the Cornish coast
and the evelonie circulation show themselves in the course of
the bottom isotherms, which run novthwards on the eastern
side and then turn westwards towards the Irish coast.

In the deepest part of the southern area, where section VI
erosses it, the temperature is as low as 85°. This cold layer
is probably of very small extent and has no connection with
the deeper water of the same temperature to the southwards, as
the Plvmouth observations have shown.

The sections show isotherms which are generally horizontal,
or, in the Irish Channel, dip eastwards. In many places, as
for instance on section VII or at the shoreward end of section
IX the upper ten or twenty fathoms are fairlv uniform in
temperature ; below them comes a layer in which the tempera-
ture decreases very rapidly, and below this again a layer in which
the temperature falls slowly to the bottom. At station 43
(K 30) the change is 2° between 20 metres and 30 metres (11
fathoms and 16 fathoms), and 2'9° hetween 30 metres and 40
metres (16 fathoms and 22 fathoms). These are mean values ;
in a single series of observations the fall may be much greater ;
at the same station in August 1909 it was 4-5°, from 80 metres
to 40 metres, a drop of 0-45° per metre or 0-8° per fathom.

This discontinuity layer (sprungschict) is more strongly
developed than appears on the sections, as it has often been
necessary to omit alternate isotherms in order to prevent
them becoming illegible.

The surface salinity is lower than during the other three
cruises except in the North Channel, the southern part of St.
George's Channel, and at two stations off the Cornish coast.

The lowest boftom salinity generally oceurs in August ; when
it falls in November it is in regions where the August fresh
surface water can mix downwards only slowly. In the northern
part of the Irish Channel the surface and bottom salinity charts
are fairly similar, but in the region southwards of the 84-50 per
thousand isohaline the difference is well marked.

The saltest surface water enters off the west of Cornwall
at a distance of only five or six miles from the shore, and
flows northwards with continually falling salinity as a result
-of admixture with the surrounding fresher water. The 34-90
per thousand isohaline is divided into two parts one of which
runs in a northeast-southwest direction on the western edge
of the current, while the other encloses a surface area of over
34-90 per thousand off Strumble Head. The 34-75 per thousand
line shows a peculiar loop towards the south-west, and the
course of the 34-65 per thousand line, projecting south-
eastwards from the Irish coast, is even more striking.

On the bottom the salt current follows a much more direct
course, flowing northwards into the St. George’s Channel with
no backward bends.

The peculiar shape of the ischalines at the surface can be
-explained as follows.  The salt surface current flows northwards
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till off Lundy Island, where it meets the outflow from the Bristol
Channel and wundergoes considerable dilution, the salinity
falling to less than 8490, It now divides into two parts.
One flows northwards inte the St. George’s Channel and as
it enters the region of strong tidal action its salinity is raised
by admixture with the salter bottom water, and the surface
isohaline of 34-90 per thousand appears again on the chart.
The other branch is turned, by the narrowing of the Channel,
first westwards, then southwestwards, and finally scutheast-
wards as shown by the course of the 3465 per thousand
isohaline. Its salinity falls continually as it leaves the
neighbourhood of the Bristol Channel, so the remarkably low
values on station 43 in the tidal slack eannot be due to the fresh
water from the latter source, but must be attributed to shore
water from the south-east coast of Ireland. That the low salinity
of the central area is not due to a divect current in a south-westerly
direction from the Bristol Channel is shown by the English
surface observations taken every ten miles between the fixed
stations. Unless we assume that the fresh surface water has
managed in some way to dive beneath the continuous salk
surface water between the English stations, it is certain that
the waters of the Bristol Channel are separated by a vertical
wall of salter water from the low salinities at the centre of this
eyclonic eddy.

The shore water is distinetly shown on the south-west coast
of Irveland, where the 85-30 per thousand line has taken the
place of the 35-50 per thousand line shown on the February
surface chart.

The ischalines, like the isotherms, are largely horizontal,
and in places there is a well developed discontinuity layer in
in the salinity as well as in the temperature (see section VI,
station 41 ; section VII does not show it so distinctly as some
of the isnhahnca have been omitted for the sake of clearness).

The low surface salinities and high surface temperatures
unite in preserving a sharply marked surface layer, as each gives
rise to a stratum of low density which only mixes with difficulty
with the heavier water beneath.

MeEaN TEMPERATURE AND SALINITY IN NOVEMBER.

Plates VII, VIII and XIV.

As will be seen from the charts, the mean surface tempera-
ture in November is not very much lower than in August in the
region north of the Tuskar-Strumble Head line ; southwards
of this the fall is greater. The reason is pr-:}bablv this: in the
first place the maximum surface temperature falls later than
the August cruise, which generally takes place during the first
half of the month ; secondly, northwards of the Tuskar the
tidal mixing is much greater than in the southern entrance, and
the waters in the latter region are relatively superheated but

2
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only to a very moderate depth. For instance, at station 23 the
mean surface temperature in August is 13° and the mean hottom
temperature in 60 fathoms is only 0-2° less.  On the other hand,
the depth of the highly heated surface layer south of the Tuskar-
Strumble Head line is much smaller. The mean temperatures
at station 40 are as follows : surface 15-2°, 20 fathoms 11-6°,
bottom in 40 fathoms 10:7°; and at station 41, surface 15-7°,
10 fathoms 14-2°, 20 fathoms 9-6°, bottom in 62 fathoms 8-5°.
‘At the northern station the layer of warm water extends to the
bottom and is 60 fathoms thick ; at the southern station its
depth is not more than 10 or 20 fathoms. The shallow layer
will lose its temperature much more quickly than the deeper
one, and the cooling will appear to be much faster on the southern
side of the Tuskar-Strumble Head line than on the northern.

As in August, the mean bottom temperatures in November
are much more regularly distributed than those at the surface,
and the isotherms are largely dependent on the depth.

From the North Channel to section IV the maximum
bottom temperature for the four cruises is found in 'November,
at a large number of stations, even when the depth is only 19
fathoms.  From section IV to the Tuskar-Strumble Head
line the maximum temperature falls in August as a result of
the strong tidal mixing. Southwards and westwards where
the tides are weaker the maximum ocecurs in November.
This phase-delay takes place at varying depths. At stations
1 and 2 the maximum oceurs in November even at the
surface ; between here and the Fastnet line of stations
(section VIII) the November maximum is found at 20 fathoms
and deeper ; on the Fastnet and Tearaght (section IX) lines at
30 fathoms. It should be remembered that the Irish obser-
vations are made at every 10 fathoms, and the English at
every 10 metres ; the latter give 22 fathoms as the least depth
at which the maximum is delayed to November.

The surface salinity chart shows a considerable rise since
August, but the eyclonic circulation in the southern entrance
is still strongly marked.

As in August the bottom isohalines follow a comparatively
direct course. Northwards of section VII the division into
horizontal layers is disappearing ; in the southern entrance it
is still fairly apparent, while on section VIII the shore water
stretches seawards as an intermediate layer with salter water
above and below it.

SURFACE TEMPERATURE AND SALINITY AT LIGHTSHIPS.

Lightship observations suffer from the disadvantage of
generally showing coastal conditions only ; in some cases where
the vessel is suitably placed, they may be very valuable, as at
the Seven Stones and Cardigan Bay Lightships.

At the Skulmartin Lightship the three years’ observations
show a period of minimum mean temperature, 6-60°, occupying

RS
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the last ten days of February and the first two ten-day periods
of March. The period of maximum.temperature is in Septem-
ber, with mean values for the three ten-day periods of 13:12°,
13:04°, and 13-12°.

At the South Arklow Lightship again there are only three
vears' observations available. The minimum is during the
first ten days of March, 6-72°, but the second ten days are almost
as cold with a mean temperature of 6-75°. The maximum,
14-86°, falls in the first ten-day period of September.

The Coningbeg Lightship records extend over nine years.
The lowest temperature for a ten-day period is 7-63° for the
first ten days of March ; the second ten-day period, 7-66°, is
almost as cold. The maximum temperature, 14-13°, oceurs
in the last ten day-period of August.

At the Fastnet Rock the rather incomplete records over a
period of three years point to a minimum, 8§-33°, in the second
ten-day period of March, and a maximum of 18-53° in the first
ten-day period of August.

Salinity observations, made on samples taken about once
a week, are available for three years from the Coningbeg
Lightship. They give a maximum of 3477 per thousand
in May, a minimum of 34-61 per thousand in July, anolher
higher maximum of 84-80 per thousand in November followed
by a sudden fall and a slow rise to the May maximum. Six
vears’ salinity observations at the Cardigan Bay Lightship
give maxima of 84-68 per thousand and 34-63 per thousand
m November and January with 34-60 per thousand in Decems-
ber, and a June minimum of 34-12 per thousand. Observations
at the Bahama Bank Lightship in the Irish Sea, 1904-1909, also
give somewhat irregular results, but the maximum in Novem- -
ber, 33-86 per thousand is fairly .distinet, as is the April
minimum of 33-53 per thousand. The temperature obser-
vations show that the February eruise gives average tempera-
tures which are above the minimum, and the August ecruise
averages which are below the maximum. If we assume, as
1s generally true, that the quarterly observations are more
nearly comparable with the first ten-day period of each month
than with the second, we reach the coneclusion that, in the
coastal waters, the February averages are above the minimum
by an amount ranging from 0-7° in the North Channel to
0-3° off the south coast of Ireland, and that the August
averages are below the maximum by an amount ranging from
0-4° or 0-5° down to less than 0-1°. The observations
however are not sufliciently numerous to allow of any certain
deductions being drawn.

The yearly march of salinity at the Coningbeg Lightship
is remarkable in that it gives a maximum in May as well as in
November ; at the other positions a winter maximum is the rule.
This may be connected with a remarkable pulse of salt water
below the surface which reaches the south-west coast of Ireland
about May, which will be described in the following section,
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ON THE GENERAL CIRCULATION OF THE WATER IN THE
IriSH AREA.

A complete account of the eirculation in the Irish area would
require a more detailed knowledge of the changes in the surface
drift in the open ocean to the south and west of Ireland than
we yet possess. At present the only information available for
every month in the vear is derived from the analysis of surface
samples collected continuously for several wvears on liners
sailing between the English Channel and New York. These
samples were taken for the Marine Biological Association in
connection with the International Fishery Investigations and
analysed by the present writer. The mean salinities have been
caleulated for every month and plotted on charts, and at the
same time curves have been drawn for certain aele{‘tﬁd areas
where the observations are sufficiently numerous. One of
these areas lies in 50° N. Lat. between 11° W. Long. and 20° W.
Long. and has a breadth of about ten miles in a north and south
direction. It is therefore in the path of the surface drift
current which flows approximately northwards to the west of
Ireland. The curve shows a maximum of about 35-59 per
thousand in February, falling regularly to 35-54 per thousand
in May, rising again slightly in June, falling in July to about
35:50 per thousand, which wvalue remains almost unaltered
to September, and reaching a sharp minimum in Oectober with
85-43 per thousand. After this there is a sudden rise to a
secondary maximum towards the end of November, a slight fall
in December and January, and then again the maximum in
February. Shortly, there is a well defined and sharp minimum
in October, and immediately following this a rise to a high and
somewhat long drawn out maximum beginning in November
and culminating in February. The Plymouth observations
across the entrance to the English Channel show very similar
results. The maximum is in January and February, and the
minimum in the late summer, though it is somewhat irregular.

The charts published in this report show that the saltest
water enters the Irish area between Land’s End and the Seilly
Islands, and detailed observations made along this line on
several cruises at infervals of from half a mile to one mile on
the Marine Biological Association’s steamers have shown that
the axis of highest salinity lies midway between the Longships
Rock and the Seven Stones Lightship, that is, at a distance
of only a few miles off Land’s End. This current of salt warm
water is derived from a current which has already entered the
English Channel from a south-westerly dirvection, and has in
part turned northwards and north-westwards to escape into the
Irish Channel. It is practically certain that this water has
come from the mouth of the English Channel and not directly
from the open sea because further westwards a great area of
lower surface salinity stretches southwards across the fairway
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and prevents any such divect curvent. This fresh area is really
the diluted remnant of this same salt warm current, so that a
portion of the water here circulates in a closed curve.  Gehrke!
has shown on theoretical grounds that more water enters the
English Channel from the westward than escapes through the
Straits of Dover, after allowance has been made for the addi-
tion of fresh water from the land, and that a portion must
therefore turn back and escape in a north-westerly direction.
This salt warm current gives rise to the peculiar evelonie
circulation which takes place in the southern entrance of the
Irish Channel and which leads to some rather unusual physical
conditions, such for instance as the fact that as we travel sea-
wards from the north-west Cornish coast the salinity begins
to fall at a comparatively short distance from the shore and
may reach its lowest value in midchannel. The proof of this
circulation depends on the combined Irish and Plvmouth
observations, and as it happens the stations have been so
placed that the isohalines may be drawn in two ways. The
inset charts on the section plates show a small avea of triangular
shape immediately south of section V in which there are no
stations, and it is this lack of stations which give rise to the
uncertainty. One way of drawing the isohalines, which would
fit the mean results perfectly, has not been followed as it would
necessitate the assumption of a strong current of low salimity
flowing from St. George's Channel to far south of 50° N. Lat.
Such a current would be inherently improbable, and there is no
reason to suppose that it exists when there is a much simpler
explanation to hand. This explanation is to be found in the
eyelonic or counter-clockwise cireulation which has already been
described in detail in the discussion of the mean conditions
for August. It is more extensive than the charts show, and
the Plymouth ohservations have proved that it reaches at
times as far south as 481° N, Lat. Its cause is to be found in
great measure in the configuration of the coast, which forces
the stream to turn to the left of its direction ; but at the same
time it would be always striving to turn to the right under the
influence of the earth’s rotation. While in the narrow waters
it would not be able to do so to any extent, but once clear of the
south coast of Ireland on the western edge of the circulation
it might be expected that part at least should turn to the right.
At times indeed this seems to oceur; a branch is thrown off
westwards which is able to travel as far as the Fastnet before
it is turned to the left and southwards by the west wind drift
of the ocean. The first hint of such a eyelonic cireulation is
to be found, as far as the writer }umwa, in a suggestion by

1 J. Gehrke : The mean velocity of the Atlantic currents running north
of Scotland and through the English Channel. * Pub. de Circonstance,”’
of the International Council for the Exploration of the Sea, No. 50
Copenhagen.
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Nielsen! that there is an anticvelonie eireulation round the
south coast of Ireland, and later Gough,*? in his discussion of the
plankton collected by the Marine Biological Association, came
to a somewhat similar conclusion.

This circulation may prove to be of considerable biological
importance. The water off the south-east coast of Ireland,
and in the southern edge of the cyeclonie eiveulation off the fair-
way to the English Channel, has travelled a long distance since
it last left the open ocean, and if, as seems probable, there is
any difference, other than temperature and salinity, between
oceanic and shore waters, then this water might be poorer in
the minute constituents of oceanic water and richer in those of
coastal water than would be expected on the ground of its dis-
tance from the open sea; and if the strength of the cyclonie
movement varies from year to year, so will the character of
the water at any place within its influence, such as the areas
of the drift net fishing off the mouth of the English Channel
and off the south coast of Ireland.

That portion of the warm salt current which has escaped
the cyclonie circulation, including the larger portion of the bottom
water, flows northwards through the Irish Channel, bending a
little to the right under the influence of the earth’s rotation,
and finallv escapes through the North Channel in a muech
diluted condition,

Since the maximum salinity in the English Channel oceurs
in January and February, and the Irish Channel derives its
saltest water from this souree, it might be expected that the Irish
waters would follow the same law. As has been shown, this is
largely the case, but there are some important exceptions.
Off the Cornish coast there is one period of maximum salinity
in the year, about February, and off the south-east coast of
Ireland we again find one maximum, but in November ; finally,
at some of the stations off the south and southwest of Ireland
there are two maxima in the vear, one in August and another
in May. This would point to two pulses of high salinity water,
and 1t is not unlikely that two such pulses do exist. The
winter maximum salinity is a well known phenomenon at the
entrance to the English Channel, and is sufficient to account
for the February maximum off the Cornish coast. For another
pulse of high salinity water we must look elsewhere, and on the
surface there is no distinet sign of it. At one of the newer
Irish stations however, 62, which has only been worked in the
last two years (1911-1912), an intermediate layer of high

1 .J. N. Nielsen : Contribution to the Hydrography of the North-eastern
[mrla of the Atlantic Ocean. Meddelelser fra Kommissionen for Havun-
dersogelser: Hydrografi I, No. 9. Copenhagen 1907.

L. H. Gough: On the distribution and the migrations of Muggiaca
atlantica ; Pub. de (Cdre., No. 29.
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salinity has been found on each occasion mm Mav.i The
depth at which this layer occurs wvaries, from 50 to 120
fathoms, and in the first year it was so thin that it
was shown by"one observation only. The salinities were
very high, as much as 3571 per thousand, which pre-
cludes the possibility of the samples having been interchanged,
for no such water has been found elsewhere in the Irish area.
The other possibility, that the high salinities are due to leaky
bottles, which allowed evaporation, is very improbable, as the
rubber washers appeared perfectly sound, and it would be an
extraordinary coincidence that such bottles should have been
used in the same month and at the same station in each case.
Traces of such an intermediate layer, much weakened, have
been found in August also. It seems fairly certain therefore
that such a pulse of high salinity has occurred in May on two
occasions and may be a regular phenomenon. It would be
sufficient to account for the double maximum already mentioned
as taking place at some of the Irish stations, but its cause is
still obscure. The Plymouth observations have shown that
on the steamship route between Cape 5t. Vincent and Gibraltar
there is a very well marked period in the surface salinity, with a
maximum of 36°49 per thousand in September and a minimum
of 85-15 per thousand in March. It is not impossible that
this is connected in some way with the salt intermediate layver
which flows out of the Mediterranean into the Atlantic, and
that this layer too is subject to periodical fluctuations. The
influence of this intermediate layer has been traced far o the
northwards of the Straits, and it may be the source of the
May maximum off the south-west of Ireland.

Dr. Bassett has published a paper in which he throws doubt
on some of the conclusions arrived at by the writer in earlier
papers on the English Channel. The most important point is
the direction of the current through the Irish Channel. The
present writer suggested that the low salinity surface water
off the fairway to the English Channel was due to a southerly
flow from the direction of the Irish Sea ; Dr. Bassett in his paper
pointed out that the direction of the main flow is from south to
north, as is certainly the ease, but it was not suggested by
the present writer that anything more than a loeal eddy existed.
Dr. Bassett’s suggestion that the source of this fresh water is
to be found in the Bristol Channel has already been dealt with
in the present paper, and seems to have been due to his having
overlooked the observations published in the Quarterly
Bulletins of the International Couneil.

Dr. Bassett has also published charts showing that the highest
salinities enter the southern entrance in the middle line, and
that the current bends to the right and finally escapes south-

1 8ince the above was written the observations for May, 1913, have
been worked up. They show that in this year the intermediate layer did
not reach such high salinities, but that it covered a much larger area, and
was found nearer the surface.
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wards between the Scilly Islands and Land’s End. He appears
to have founded this chart on a few observations made by officers
of liners, and to have disregarded in their favour all the ob-
servations made by trained observers and “in far greater
number on special research steamers. It is quite possible
that he only plotted such observations as concerned the area
in question and neglected the thousands of others taken all
over the Atlantiec. If he had plotted these also he would have
seen that for various reasons they arve affected by many sources
of inaceuracy, and that in these latitudes they are as a rule too
high.

He has in the same way expressed some doubt as to the ac-
curacy of the present writer's chart of surface salinity for August
1905 in this region. In his own chart he has shown water of
over 3600 per thousand in the southern Irish Channel. The
liner observations went to show that such water was present,
but on the other hand the Plymouth observations failed to find
it and having regard to the tendency for salinities from liners
to be too high, it seemed better to draw the isohaline of 36-00
per thousand in a generalized form off the fairway to the
English Channel in order to direct attention to the undoubted
existence of abnormally high salinities here without showing
them in regions where they were only doubtfully present as
isolated pateches, if at all. Dr. Bassett appears in this case
to have overlooked the explanation which the writer gave of
the way in which the chart had been drawn up.

Ox THE ANNUAL TEMPERATURE CHANGE IN DEEP WATER.

Brennecke! has discussed the depth at which the annual
change of temperature is no longer perceptible, and concludes
from a consideration of four sets of observations made in the
Bay of Biscay at different times of the year by the Planet,
Thor and Princesse-Alice that this lies at about 150 metres
(82 fathoms). The older observations of Aimé were made off
Algiers in the Mediterranean, a nearly enclosed sea, and are not
therefore strictly comparable with those made in the open Atlan-
tic off the south-west coast of Ireland ; he found a maximum range
of 1° at 200 metres (109 fathoms) and of 0-0° at 350 metres
(191 fathoms).

In 1909 the Huaxley, of the Marine Biological Association, -
made four sets of observations in February, May, August, and
November at a station in 47° 47" N., 7° 52° W., on the northern
edge of the deep water in the Bay of Biscay. The temperatures
recorded are open to a cerfain amount of doubt as they were
made with a single reversing thermometer (Richter). The
greatest depth from which comparable observations are avail-
able is 400 metres (218 fathoms) ; the results were as follows,

! Forschungsreise S.M.5. Planet 1906-1907. Band III, Dr. W.
Brennecke, Ozeanographie ; Reichs-Marine-Amt.
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beginning with February, 10-64°, 10-50°, 11-16°, and 10-77°.
This shows a maximum in August, while the more cerfain obser-
vations made with the Nansen-Petterson insulating water-
bottle point to a November maximum from 70 metres to 200
metres (358 fathoms to 109 fathoms). The lowest and highest
values at the latter depth were May 10-62°, November 11-18°,
The Huxley observations do not therefore prove that the annual
change reaches a greater depth than a little over 100 fathoms.

A larger number of observations are available from the deep
water off the south-west coast of Ireland. The outermost of
the Irish stations, No. 68 in about 51° 50 N,, 12° 14" W., has
been worked three times in February and November, five times
in August, and six times in May. It is somewhat difficult to
arrive at an accurate mean value for the various depths as it
has not always been possible to fix the position with suflicient
accuracy, and the shape of the bottom, which here slopes
quickly seaward, causes the various water strata to tilt up the
sides of the submarine valley over which the station lies. In
the following table are given a few of the mean values which
were caleulated without comparing one month with another
50 that they are at any rate free from bias.

i
F. M. | February. May. August. | November. Mean.

|
|
|
0 ] I 10-41 11-83 16-36 12-36 | 12-F5
|

20 37 1037 | 11:09 | 1406 12-38 11-97
30 55 | 1035 | 1065 | 1219 12:34 | 11:38
50 91 10:31 | 10-49 10-79 11-80 | 1085
250 457 10-21 | 1010 | 10-09 10-23 | 10-16
350 640 | 995 | 977 ‘ 9-73 9-93 9-84

854 | 861 879 | 884 8 69
Near {, | 543F. 531F. | 530F. | 533F. 534F.
Bottom | | 903M. | 97IM. | 969M. 975M. | 977M.

The actual depths for which the bottom temperatures have
been calculated are given in the two last lines.

Down to 20 fathoms the maximum temperatures occurs in
August, from 30 fathoms to 250 fathoms in November, and in
about 535 fathoms again in November. The mean range at
50 fathoms is 1:49°, at 100 fathoms 0-52°, at 150 fathoms 0-27°,
at 250 fathoms 0-14°, at 850 fathoms 0-20°, and near the bottom
0:30°. The results are somewhat surprising, as they show that
the range decreases down to about 250 fathoms and then increases
again. Though instrumental errors must certainly be present,
vet the changes are too regular to be due to this cause alone,
and it seems probable that the explanation is to be found in two
widely separated phenomenon. As the depth increases the
date of the maximum temperature is progressively delayed,

3
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and at 80 fathoms it falls nearer to the November than to the
August cruise.  The yearly change is clearly shown at 150
fathoms, with a range of 0-27°, but below this it becomes un-
certain, the range fallmg to 0-14° at 250 fathoms (457 metres).
Below this the range increases, and this ean hardly be due to
any local change arising at the surface. The range of 0-30°
near the bottom, with a maximum in August, is alimost certainly
to be attributed to horizontal eurrents which have received their
varying temperatures near the surface at some distance, possibly
hundreds of miles away.

EXPLANATION OF PLATES.

PraTE I.—Mean surface temperature and
salinity - . February.
) I1.—Mean bottom tempemture and
salinity : . February.
& III.—Mean surface tempemture and
:..ﬂlmty = : . May.
3 IV.—Mean bottom temperai.uh?: and
salinity - Lg - May.
V.—Mean surface tempemtui;.e and
salinity ; . August.
% VI.—Mean bottom temper%,ture and
sglinjty~. . . ' . August.
& VII.—Mean surface tempemture and
salinity 3 . November.
o VIII.—Mean bottom temperature and
salinity : . November.
< IX.—Mean surface t-emperature and
salinity : . Whole Year.
e X, —Mean bottom tempemtlue and
salinity . Whole Year.
5 XI.—Sections showing mean sahmty
and temperature . . February.
5 XII.—Sections showing mean salinity
and temperature . May.
.,  XIII.—Sections showing mean sahmt}r
and temperature . August.
. XIV.—Sections showing mean sa.lmlty
and temperature . November.
7 XV.—Sections showing mean sahmty
and temperature . . Whole Year.
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